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ANOTACIJA

Répele M. Biometana razoSanas un piegades sist€émas ekodizains: Promocijas darbs
inZenierzinatnpu (Dr.sc.ing.) doktora zinatniska grada iegiiSanai. Riga: Rigas Tehniska
universitate, 2017. 166 Ipp., 8 tabulas, 49 attéli, 157 bibliografijas nosaukumi, 8 pielikumi.

Promocijas darbs izstradats Rigas Tehniskas universitates Energétikas un
elektrotehnikas fakultates Vides aizsardzibas un siltuma sist€mu institiita laika posma no 2009.
lidz 2016. gadam.

Promocijas darba mérkis ir veikt biometana raZoSanas un piegades sist€mas ekodizainu,
lai samazinatu dabasgazi izmantojoSo raZoSanas procesu ietekmi uz vidi un sekmétu
atjaunojamo energoresursu izmantoSanas picaugumu Latvijas energoapgade.

Darba mérka sasniegSanai noteiktie uzdevumi:

- raksturot biivmaterialu ripniecibas nozares produkta ietekmi uz vidi ekodizaina
vajadzibam, lai noteiktu dzives cikla posmus un procesus, kas rada lielako
ietekmi uz vidi;

- izvertet dabasgazes atjaunojamo energoresursu alternativu ietekmes uz vidi
aspektus, veicot to dzives cikla analizi;

- veikt biometana razoSanas un piegades sist€mas dzives cikla analizi un tehniski
ekonomisko noveértéjumu;

- izveidot biometana raZoSanas un piegades sistémas atbalsta mehanisma
sisttmdinamikas modeli un veikt scenariju analizi, lai noteiktu optimalo atbalsta
mehanisma risinajumu.

Promocijas darba struktiira.

Ievada akcentéta darba novitate un pétijjuma aktualitate, definéts petijjuma meérkis un
noteikti darba uzdevumi, ka arT sniegta informacija par atjaunojamo energoresursu nozimi
nakotné.

Pirmaja nodala veikta dzives cikla analize vienai no Latvijas tautsaimnieciba
nozimigas ripniecibas nozares razotném, kam ir raksturigs relativi liels energoresursu patérins.
Novertejuma mérkis ir noteikt razoSanas posmus un faktorus, kuriem ir lielaka ietekme uz vidi,
lai izvirzitu ekodizaina uzdevumus. Novert§jums veikts, izmantojot SimaPro dzives cikla
analizes datorprogrammu un ReCiPe ietekmes novértéSanas metodi. Aprékinu rezultata
secinats, ka razoSanas procesa >75% no kopgjas ietekmes uz vidi rodas dabasgazes
izmantoSanas dél.

Otraja nodala veikts kurinama alternativu novertgjums ripnieciba izmantojamas
dabasgazes aizstaSanai. Izmantojot GEMIS datubazi, SimaPro dzives cikla analizes
datorprogrammu un ReCiPe ietekmes novert€Sanas metodi, analizéts un salidzinats
biosintétiskas dabasgazes, biometana, pirmas un otras paaudzes biodegvielas un dabasgazes
vides sniegums. legiitie rezultati norada, ka visnozimigakais ietekmes uz vidi samazinajums
biitu panakams, ja razoSana dabasgazi aizstatu ar biometanu.

TreSaja nodala aprakstiti rezultati, kas iegiti, veicot dzives cikla analizi biometana
piegadei riipnieciskajiem paterétajiem, izmantojot dabasgazes infrastruktiru. Noveérteta
biometana transportésanas, ietverot piesléguma infrastruktiiras izbuvi, ietekme uz vidi, ka art
noteiktas decentraliz€ta biogazes razotné iegiita un dabasgazes tikla ievadita biometana
izmaksas. [zveértejot dzives cikla analizes rezultatus, secinats, ka gazes piegades infrastruktiira
ir nozimigs faktors, kas biitu janem veéra, planojot un ierikojot biometana razosanas un piegades
sisttmas. Tehniski ekonomiska novertgjuma rezultati norada, ka biometana razoSanas un
piegades vienibas izmaksas Sobrid nav konkurétspgjigas ar dabasgazes cenu, tadel, lai



investicijas biometana razoSanas un piegades sisttma bitu ekonomiski pamatotas, ir
nepiecieSams finansials atbalsts.

Ceturtaja nodala aprakstita Eiropas valstu pieredze atjaunojamo energoresursu
atbalsta mehanismu ievieSana un izmantoSana. Izveértgjot So pieredzi, izstradats biometana
razoSanas un piegades atbalsta mehanisma sistémdinamikas modelis, kas ir parbaudits Latvijas
apstaklos. Veikts atbalsta mehanisma modela nenoteiktibas novertgjums ar jutibas analizi.
Nenoteiktibas noveértg§juma rezultati parada, ka ar modela palidzibu iesp&jams iegiit rezultatus
ar relativi mazu izkliedi, neraugoties uz galveno rezultatu ietekmé&joSo faktoru butiskam
izmainam. Tade| var uzskatit, ka izstradatais modelis ir piem€érojams biometana razoSanas un
piegades atbalsta mehanisma izveide un analize.

Secinajumu dala akcent@ti galvenie petijuma rezultati un sniegtas atbildes uz p&tijuma
uzdevumiem.

Literaturas saraksta dots izmantoto informacijas avotu bibliografiskais apraksts.



ANNOTATION

Ecodesign of biomethane production and supply system. Mara Répele, scientific
supervisor Professor Gatis Bazbauers, Dr. sc. ing.

The aim of this Doctoral Thesis is to perform an eco-design of the biomethane
production and supply system, to reduce environmental impact caused by the natural gas-using
industrial processes and to promote the use of renewable energy sources in Latvia’s energy
supply system.

To reach the objective of the Thesis, such a tasks were set:

- To characterize environmental impact of building material in order to identify
the life cycle stages and processes which create the most significant
environmental impacts.

- To evaluate environmental aspects of renewable energy alternatives for
replacement of natural gas, via life-cycle analysis.

- Perform life-cycle analysis, and technical and economic assessment of the
biomethane production and supply system.

- To create a model, with the assistance of which it would be possible to devise
policy to support biomethane production and supply and to perform a scenario
analysis to determine the optimal solution for the support mechanism.

Structure of the Thesis.

Introduction: novelty and topicality of the research is emphasized in this chapter; as
well as objective of the study is defined and tasks are set; and the vision of the significance of
renewable energy sources in the future is decribed.

First chapter: life-cycle analysis of plant, which uses natural gas as a fuel, was carried
out; calculations were made and production stage which generates the greatest environmental
impact was identified; and solutions for improvement were defined. Life-cycle analysis was
performed using SimaPro software and ReCiPe impact assessment method. The calculation
results shows, that the environmental impact caused due to the use of natural gas, is more than
75% of the total environmental impact of production.

Second chapter: an evaluation of environmental impact of renewable energy
alternatives for replacement of natural gas was carried out using GEMIS database and SimaPro
software, and ReCiPe impact assessment method. Environmental performance of biosythetic
natural gas, biomethane, the first and the second-generation biofuel, and natural gas was
compared. The results indicate, that the most significant reduction in environmental impact
could be achieved, if natural gas is substituted by biomethane.

Third chapter: results of the life-cycle analysis and economic assessment of the
biomethane supply system were described. The environmental impact of biomethane
transportation, including connection to grid, was assessed, and the costs of biomethane
produced and injected into the grid were calculated. Results of the life-cycle analysis show that
the gas supply infrastructure is an important factor that should be taken into account when
biomethane production and supply systems are panned and installed. The results also indicate
that the biomethane production and supply shall be supported finacially, if it is to be competitive
with the price of natural gas.

Fourth chapter: the experience of European countries of the implementation and use
of renewable energy support mechanisms is desribed. And a system dynamic model for the
biomethane production and supply support mechanism was developed, which has been tested
for conditions in Latvian. Risk assessment with sensitivity analysis for different scenarios was
conducted. Results of the sensitivity analysis show, that in spite changes of the main factors, it
is possible to get results with a relatively small dispersion when using the development system
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dynamic model. Therefore, it can be assumed that the developed system dynamic model can be
considered plausible and applicable to create and analyze the biomethane production and supply
support mechanism.

Conclusions: the key results of the study are highlighted and answers to the study
objective and tasks are provided.

The list of references with a bibliographic description is included.
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DARBA LIETOTO AKRONIMU, ABREVIATURU
UN SIMBOLU SARAKSTS UN SKAIDROJUMS

AER — atjaunojamie energoresursi

Bio-SNG - biosintétiska dabasgaze

CHP - kogeneracijas stacijas

DCA — dzives cikla analize

FIP — piemaksa pie iepirktas elektroenergijas cenas jeb ta saucama feed-in piemaksa
FIT — paaugstinata elektroenergijas iepirkuma cena jeb ta saucamais feed-in tarifs
GEMIS — Global Emission Model for Integrated Systems datubaze

GWP — globalas sasilSanas potencials (global warming potential)

LHV — zemakais sadegSanas siltums

Mtoe — miljons tonnas naftas ekvivalentu

SD — sisttmdinamika

SEG - siltumnicas efektu izraisosa gaze

SPRK — Sabiedrisko pakalpojumu regulésanas komisija

VAA —vidgjais uz 1 MWh biometana izmaksajamais atbalsta apjoms

QFD — ar kvalitati saistito funkciju izvertejums (Quality Function Deployment)
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IEVADS

Atjaunojamie energoresursi (AER), kas ir fosila kurinama alternativa, palidz samazinat
siltumnicas efektu izraisoSo gazu emisiju negativo ietekmi uz klimatu un, samazinot atkaribu
no fosila kurinama nepastaviga tirgus, dazadot energoapgadi, kas Latvijas geopolitiskajos
apstaklos ir Tpasi bitiski. Izmantojot AER nozimigi ir ari tas, ka cikls sakas un beidzas viena
valsti, papildinot gan valsts, gan paSvaldibu budzetus, radot gan tiesas, gan netieSas darbavietas.
Paslaik atjaunojamo energoresursu nozaré Eiropas Savieniba ir nodarbinati aptuveni
1,2 miljonu cilveéku [1]. AER izmantoSanas socio-ekonomiskie ieguvumi ir saistiti gan ar
tehnologiju izstradi un pilnveido$anu, razosanu, uzstadisanu, ekspluataciju un uzturésanu, gan
ar1 tiek veicinata ne tikai uznémeéjdarbiba, bet ar1 izglitiba un zinatne. Eiropas Savieniba,
paplasinot tiesisko regul&jumu, veicina atjaunojamo energoresursu izmantosanu [1] un censas
panakt, ka Eiropa visam dalibvalstim biitu vienota izpratne par biitiskakajiem aspektiem pareja
uz zema oglekla dioksida emisiju limena sisttmam, nodroSinot nepiecieSamo noteiktibu un
stabilitati [2]. Eiropas Komisija, nosakot jomas, kuram biitu japieverS lielaka uzmaniba
nakotn€, censas ari panakt, ka atjaunojamo energoresursu tehnologijas kliist konkurétsp&jigakas
un Ietakas, ka arT cenSas panakt, ka, pakapeniski atsakoties no subsidijam fosilajam
kurinamajam, tiek stimul&tas investicijas atjaunojamajos energoresursos [1]. Ir norades par
iesp&ju ietaupit pat ceturtdalu no nepiecieSamajam izmaksam, ja visa Eiropa biitu vienota pieeja
atjaunojamo energoresursu efektivai izmantosanai, nevis katra dalibvalstt atseviski [2]. Eiropas
Savieniba ir izdevusi Energétikas celvedi laikaposmam Iidz 2050. gadam [2], lai savlaicigi
saktu informét potencialos investorus par politiku, kas tiks Tstenota pec 2020. gada. Saja celvedi
ir izstradati vairaki scenariji, kuru analizes rezultata secinats, ka vislielakais Tpatsvars
energoapgades tehnologijas nakotné bis atjaunojamajiem energoresursiem [2]. Ir noradits, ka
lidz 2030. gadam ir japanak, ka no atjaunojamajiem energoresursiem iegitajam energijas
Ipatsvaram ir jabut vismaz 30 % [1] un 2050. gada jasasniedz vismaz 55 % energijas bruto
galapatérina [2]. Taja pat laika ir ari atzits, ka Eiropai biis sarezgits uzdevums — nodro§inat
tirgus dalibniekiem iesp&ju samazinat atjaunojamo energoresursu izmaksas, uzlabojot
pétniecibu un paplasinot piegades sistémas, pilnveidojot tehnologijas, lai samazinatu to
izmaksas, modernizgjot un ievieSot efektivaku politiku un atbalsta mehanismus [2].

Promocijas darba meérkis ir veikt biometana razoSanas un piegades sist€mas
ekodizainu, lai samazinatu dabasgazi izmantojoSo razoSanas procesu ietekmi uz vidi un
sekm@tu atjaunojamo energoresursu izmantos$anas picaugumu Latvijas energoapgadg.

Darba merka sasniegSanai noteiktie uzdevumi:

- raksturot biivmaterialu riipniecibas nozares produkta ietekmi uz vidi ekodizaina
vajadzibam, lai noteiktu dzives cikla posmus un procesus, kas rada lielako
1etekmi uz vidi;

- izvertét dabasgazes atjaunojamo energoresursu alternativu ietekmes uz vidi
aspektus, veicot to dzives cikla analizi;

- veikt biometana razoSanas un piegades sisteémas dzives cikla analizi un tehniski
ekonomisko novertgjumu;

- izveidot biometana razoSanas un piegades sist€mas atbalsta mehanisma
sisttmdinamikas modeli un veikt scenariju analizi, lai noteiktu optimalo atbalsta
mehanisma risinajumu.

Izpétes metodika: promocijas darba izmantoto petjjuma metozu vispariga struktira ir

paradita 1. att€la. Darba izmantotas Sadas kvalitativas un kvantitativas zinatniskas pétniecibas
metodes: literatiiras analize, datu vakSana un analize, dzives cikla analizes un sistemdinamikas
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modeléSanas pieeja, izmantojot SimaPro dzives cikla analizes datorprogrammu un ReCiPe
ietekmes novertésanas metodi, GEMIS datubazi, GIS un Powersim Studio datorprogrammu.

e —

Razosanas procesa lielako ietekmes uz vidi faktoru
noteikSana, izmantojot dzives cikla novértejumu

W

No vides viedok|a vélamakas dabasgazes alternativas
noteik$ana, izmantojot dzives cikla novértéjumu

W

Biometana razosSanas un piegades sistémas
tehniski-ekonomiskais novértéjums

W
Hipotéze:
ar sistémdinamikas mode|a palidzibu ir iespé&jams
izveidot biometana razoSanas un piegades atbalsta
sistému, kas nodrosina labi kontroléjamu biometana
apjoma pieaugumu energoapgadé nakotné

Biometana razo$anas un piegades atbalsta mehanisma
izveide, izmantojot sistémdinamikas modelésanas
pieeju

RN e

1. attels. Biometana razos$anas un piegades sistémas ekodizaina 1stenosanas metodika.

Darba zinatniska novitate: promocijas darbam ir augsta zinatniska vértiba, jo ir veikts
biometana razoSanas un piegades ekodizains, izmantojot dzives cikla analizi, tehniski
ekonomisko novertgjumu un sisttmdinamikas modeléSanu, ieglistot pétijuma rezultatus, kas
izmantojami Latvija un citas valstis, veidojot atjaunojamo energoresursu atbalsta sistémas:

- veikta Latvija razoto keramikas biivmaterialu dzives cikla analize, noteikti razoSanas
posmi un procesi, kas rada lielako ietekmi uz vidi, un aprékinats ietekmes uz vidi indikators;

- veikta dabasgazes, biometana, biosintétiskas dabasgazes, ka ari pirmas un otras
paaudzes biodegvielas dzives cikla analize un izveértéti vides aspekti, dabasgazi aizstajot ar
atjaunojamajiem energoresursiem;

- veikts dzives cikla un tehniski ekonomiskais noveértgjums, lai noteiktu biometana
razoSanas, ievadiSanas dabasgazes tikla, transport€Sanas un izmantoSanas radito ietekmi uz vidi,
izmantojot dabasgazes infrastruktiiru;

- izveidots sistémdinamikas modelis biometana razoSanas un piegades atbalsta
sistémas dinamisko aspektu analizei, kas, atskiriba no lidz Sim izstradatajiem modeliem, lauj
analizét atbalsta mehanisma sist€mas struktiiras ietekmi uz atbalstama resursa pieauguma
raksturu;

- veiktas izpetes kopums veido ekodizainu sist€miskiem energoapgades
uzlabojumiem, kas ietver arl uzlabojumu praktiskas ievieSanas metodi — sist€mdinamikas
modeli, panakot ieve€rojamu ietekmes uz vidi samazindjumu. Tadg€jadi pétijums dod
ieguldijumu ar7 ekodizaina un sistemdinamikas model&Sanas p&tijumu nozares attistiba.

Darba praktiska nozime: pirmo reizi Latvijas apstakliem izstradata un ar
sisttmdinamikas modela palidzibu pielagota biometana razoSanas un piegades atbalsta sisteéma,
ar kuru iesp&jams panakt labi kontrolétu sarazota un piegadata biometana apjoma pieaugumu.
Izstradata metode lauj aizstat esoSo elektroenergijas atbalsta mehanismu ar biometana atbalsta
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sistému, ka ar1 ta ir izmantojama citu atjaunojamo energoresursu atbalsta sistemu izveide
Latvija un arpus tas.

Promocijas darba rezultatu aprobacija: promocijas darba definéto uzdevumu
petijuma rezultati ir ieklauti septinas starptautiskajas zinatniskajas publikacijas.

Galvenas publikacijas (skat. 1.—7.pielikuma), kuras ieklauti promocijas darba rezultati
(izvirzito petniecibas uzdevumu seciba), ir:

Skéle A., Répele M., Bazbauers G. Characterization of Environmental Impact of
Building Materials for the Purpose of Ecodesign. Environmental and Climate Technologies.
Vol. 6, 2011, pp. 106-111. ISSN 1691-5208.

Répele M., Dudko M., Rusanova J., Valters K., Bazbauers G. Environmental Aspects
of Substituting Bio-Synthetic Natural Gas for Natural Gas in the Brick Industry. Agronomy
Research, 2013, Vol. 11, No. 2, pp. 367-372. ISSN 1406-894X. (indekseta SCOPUS)

Repele M., Paturska A., Valters K., Bazbauers G. Life cycle assessment of bio-methane
supply system based on natural gas infrastructure. Agronomy Research, 2014, Vol. 12, No. 3,
pp- 999-1006. ISSN 1406-894X. (indekseéta SCOPUS)

Repele M., Bazbauers G. Life cycle assessment of renewable energy alternatives for
replacement of natural gas in building material industry. Energy Procedia, 2015, Vol. 72,
pp. 127-134. ISSN 1876-6102 (indekseta Web of Science un SCOPUS)

Paturska A., Repele M., Bazbauers G. Economic assessment of biomethane supply
system based on natural gas infrastructure. Energy Procedia, 2015, Vol. 72, pp. 71-78. ISSN
1876-6102 (indekseta Web of Science un SCOPUS)

Repele M., Ramanis M., Bazbauers G. Biomethane supply support policy: system
dynamics approach. Energy Procedia 2016, Vol. 95, pp. 393-400. ISSN 1876-6102 (indekséta
Web of Science un SCOPUS)

Repele M., Udrene L., Bazbauers G. Support mechanisms for biomethane production
and supply. Energy Procedia (in print) (indekséta Web of Science un SCOPUS)

Cita ar promocijas darba t€ému saistita publikacija:

Porubova, J., Klemm, M., Kiendl, I., Valters, K., Markova, D., Répele, M., Bazbauers,
G. Influence of Temperature and Pressure Change on Adiabatic and Isothermal Methanation
Processes. Environmental and Climate Technologies 2012, Vol. 9, pp. 22-27. ISSN 16915208
(indekseéta SCOPUS)

Petfjuma rezultati prezent@ti zinatniskajas konferenc€s un seminaros un public@ti
zinatniskajos periodiskajos izdevumos un zinatnisko konferencu teézu krajumos:

Répele M., Ramanis M., Bazbauers G. Biometana razoSanas vides un socioekonomiskie
aspekti. 4. pasaules latgaliesu saiets. LATGOLYS SYMTGADIS KONGRESS. 2017, Latvija,
Rézekne.

Repele M., Udrene L., Bazbauers G. Support mechanisms for biomethane production
and supply. CONECT 2016, Latvia, Riga.

Repele M., Ramanis M., Bazbauers G. Biomethane supply support policy: system
dynamics approach. CONECT 2015, Latvia, Riga.

Repele M., Paturska A., Valters K., Bazbauers G. Life cycle assessment of bio-methane
supply system based on natural gas infrastructure. "Biosystems Engineering 2014", Estonia,
Tartu.
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Repele M., Bazbauers G. Life cycle assessment of renewable energy alternatives for
replacement of natural gas in building material industry. CONECT 2014, Latvia, Riga.

Paturska A., Repele M., Bazbauers G. Economic assessment of biomethane supply
system based on natural gas infrastructure. CONECT 2014, Latvia, Riga.

Répele, M., Dudko, M., Rusanova, J., Valters, K., Bazbauers, G. Environmental
Aspects of Substituting Bio-Synthetic Natural Gas for Natural Gas in the Brick Industry.
"Biosystems Engineering 2013", Estonia, Tartu.

Répele, M., Slgéle, A., Bazbauers, G. Latvijas keramikas biivmateriala dzives cikla
analize ckodizaina vajadzibam. No: Geografija. Geologija. Vides zinatne: Latvijas
Universitates 70. zindtniska konference: referdtu tézes, Latvija, Riga, 3.-3. februaris, 2012.
Riga: Latvijas Universitate, 2012, 216.-218.Ipp. ISBN 9789984454689.

Répele, M., Dudko, M., Rusanova, J., Bazbauers, G. Alternative Energy for Brick
Industry. In: Riga Technical University 53rd International Scientific Conference: Dedicated to
the 150th Anniversary and the Ist Congress of World Engineers and Riga Polytechnical
Institute / RTU Alumni: Digest, Latvia, Riga, 11-12 October, 2012. Riga: Riga Technical
University, 2012, pp.140-140. ISBN 9789934103605.

Slgéle, A., Répele, M., Bazbauers, G. Characterization of Environmental Impact of
Building Materials for the Purpose of Ecodesign. Environmental and Climate Technologies.
Latvia, Riga.

Répele M., Valters K., BaZzbauers G. Ekodizaina metodes ripniecisku produktu dzives
cikla ietekmes uz vidi samazinasanai // Cilvéks. Vide. Tehnologijas: 14. starptautiskas studentu
zinatniski praktiskas konferences rakstu krajums, Latvija, R€zekne, 22.-22. aprilis, 2010. - 295.-
305. Ipp.

Citas zinatniskas publikacijas un zinatnisko konferencu tézes:

Gicevska, J., Bazbauers, G., Répele, M. Ecodesign of Liquid Fuel Tanks.
Environmental and Climate Technologies. Vol.6, 2011, pp.17-22. ISSN 1691-5208.

Donina M., Répele M., 2010. Polim&rmaterialu ietekme uz cilvéka veselibu un vidi, 51.
RTU Studentu zinatniska un tehniska konference, Riga, Latvija.

Répele M., Valters K., Bazbauers G. A New Method for Eco-Design of Electric and
Electronic Products // Science and Technology for Environmental Protection // Society of
Environmental Toxicology and Chemistry: SETAC Europe, 20" Annual Meeting, Abstract
Book, Spain, Seville, 23.-27. May, 2010. - pp 283-283.

Bazbauers G., Simanovska J., Répele M., Valters K. Ecodesign-Opportunity for
Interdisciplinar Education // 4th International Conference ,,Environmental Science and
Education in Latvia and Europe": Conference Proceedings. From Green Projects to Green
Society, Latvia, Jelgava, 22.-22. October, 2010. - pp 21-22.

Répele M., Simanovska J., Valters K., Bazbauers G. Development of a Software-Based
Laboratory Work for Teaching of Eco-Design // 3rd International Conference ,,Environmental
Science and Education in Latvia and Europe: Education and Science for Climate Change
Mitigation": Conference Proceedings, Latvia, Riga, 23.-23. October, 2009. - pp 80-81.

Répele M., 2009. Ekodizaina metodes izstrade. 50. RTU studentu zinatniska un
tehniska konference. Riga

Répele M., Liepa O. "Smart" Glass Under the Forensic Microscope. Annual ENFSI
P&G WG meeting. UK, Coventry (2014). Poster presentation.

Répele M., Alksne M., Centoricka M. // Penenie M., Ankcue M., Uenropuika M.
AKKpeauTanus cyaeOHO-3KCIIEPTHBIX YUPEXKICHUH U cepTudUKanus cyaeOHBIX SKCIIEPTOB B
JlatBun. Teopus u npaktuka cyaeOHoit skcnieptussl. 2014, Nol (33), 28-34. ISSN 1819-2785
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Répele M., Alksne M. Heavy mineral variations in beach sediments as discriminative
indicator in forensic science. Annual ENFSI APST meeting. Netherlands, Hague (2013). Poster
presentation.

Alksne M., Reépele M. Forensic soil examination at SFSB. Annual ENFSI APST
meeting. Netherlands, Hague (2013). Poster presentation.

Répele M. // Peniene M. CyneOHo-nouBOBeI4YECKast SKCHepTH3a B I'ocyrapcTBeHHOM
010po cyneOHbIX 3kcniepTu3 JlatBun. MexmyHapoaubiii cemuHap «COBpeMEHHOE COCTOSTHUE
HCCJIeIOBaHMsI 00BbEKTOB MMOYBEHHOTO POUCXOKIeHus». Poccus, Mocksa, 2013.

Répele M. // Pemene M. Axkpenuranus CyAeOHBIX  J1abopaTopuil U
cepTudukams skcneptoB B JlatBuu. MexmyHapoaubiii cemuHap « COBpeMEHHOE COCTOSIHHE
UCCIIe0BaHMs OOBEKTOB MOYBEHHOTO MTpoucxoxaeHus». Poccus, Mocksa, 2013.

Répele M., Alksne M., 2009. Soil Science Forensic Application. International
Conference "Soil Degradation". Riga, 158-159. Ipp.

Répele M., 2008. Heavy minerals in beach sediments. 33rd International Geological
Congress. Oslo, 232. Ipp.

Répele M., Hodireva V., 2004. Latvijas pludmales nogulumu smago mineralu
asociacijas. LU 62.zin. konferences t€zes. Riga, 161-162. lIpp.

Hodireva V., Repele M., 2001. Klastisko ieZzu granatu tipomorfo iezimju pétjjumu
rezultati. LU 59.zin. konferences teézes. Riga, 62-63. Ipp.

Hodireva V., Repele M., 2000. Latvijas pludmalu smago mineralu kliednu granatu
morfologija. LU 58.zin. konferences tézes. Riga, 63-64. Ipp.

Daliba pétijumu projektos:

COST Action: CA16101 MULTI-FORESEE: MULTI-modal Imaging of FOREnsic
SciEnce Evidence - tools for Forensic Science (2017- 2021)

Eiropas Ekonomikas Zonas finanSu instrumenta lidzfinansétas programmas "Vides
politikas integracija Latvija" apakSprojekts "Ilgtsp€jigas biivniecibas noveértésanas instrumenta
izstrade un ievieSana" (apaksprojekta ID nr.12.3 — 08/02) (2010.g.)

Tieslietu ministrijas pasiititais ptijums "Smago mineralu grupas atseviSku mineralu
skaita un formas variaciju izpéte Baltijas juras Kurzemes un Vidzemes dazadu regionu
piekrast€s, izmantojot to ka diferenc€josu pazimi augsnes paraugu tiesu ekspertizé" (2001.-
2002.)

AizstaveSanai izvirzamas tezes:

- Dabasgazi izmantojo$ajas riipniecibas nozar€s lielakais ietekmes uz vidi faktors ir
kurinama patérins.

- Raugoties no dzives cikla ietekmes viedokla, biometans, salidzinot ar biodegvielu, ir
labaka atjaunojamo energoresursu alternativa dabasgazes aizstasanai.

- Biometana razoSanu un piegadi var nodrosinat, izmantojot esoSos biogazes reaktorus
un dabasgazes infrastruktiru, bet nepiecieSams ekonomisks atbalsts.

- Ar sisttmdinamikas modela palidzibu izstradata atbalsta planosanas metode spgj
nodros$inat stabilu un kontrolgjamu biometana raZzoSanas apjoma pieaugumu.

- Piemaksas pie sarazotas biometana energijas ar 15 gadu atbalsta periodu ir

optimalakais atbalsta modelis, salidzinot ar pargjam izvertétajam alternativam.
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1. DABASGAZI IZMANTOJOSAS RAZOTNES IETEKMES UZ VIDI
RAKSTUROJUMS EKODIZAINA VAJADZIBAM

Kops 2010. gada Latvijas iekSzemes kopprodukts cetru gadu laika ir pieaudzis par
17,4 %, tomér izaugsmes tempu negativi ietekmé galvenokart geopolitiskie notikumi [3].
Apstrades riipniecibas (nozares, kas ietver materialu, vielu vai sastavdalu fizisku vai kimisku
parveidoSanu par jauniem produktiem) Ipatsvars tautsaimniecibas struktiira 2015. gada pirmaja
pusgada bija 12,6 % [4] un vairak ka pusi no ta (6,6 %) nodroSina nemetalisko mineralu
izstradajumu [3], t. sk. bivmaterialu razoSanas nozare. Apstrades riipniecibas nozare ir biitiska
Latvijas tautsaimniecibas nozare un taja ir nodarbinati vismaz 110 tiikstosi iedzivotaju un
biivniecibas nozaré ir nodarbinati vairak ka 57 tukstosi iedzivotaju [5]. Latvija buvniecibas
nozares izmanas atbildusas ieks€ja kopprodukta izmainam [6]. Latvija razotos biivmaterialus
izmanto ne tikai viet€jie buivnieki, bet vairak ka pusi no sarazota art eksporté. 2015. gada
pirmaja ceturksni eksport€ja 65,3 % no visas apstrades riipnieciba sarazotas produkcijas [3].
2014. gada pirmaja ceturksni buvmaterialu eksporta kapums bija 17,2 % [7]. Apme&ram 80 %
no Latvija razotajiem buvmaterialiem eksporté uz Lietuvu, Igauniju, Skandinavijas valstim,
Poliju, Krieviju un Baltkrieviju [6]. Nemot véra biivmaterialu razoSanas nozimi
tautsaimnieciba, ka arT to, ka §is nozares razotn€s ka kurinamo izmanto dabasgazi, viena §is
riipniecibas nozares razotne ir izvéleta ka §a darba pieméers.

Biivmaterialu raZzoSanas nozarei ir raksturigs liels fosila kurinama resursu patérins. Ka
minéts zinojuma, ko sagatavojusi Ilgtsp&jigas biivniecibas darba grupa sadarbojoties ar
dalibniekiem no Eiropas Komisijas, dalibvalstu un industrijas parstavjiem [8], un Eiropas
parmainu uzraudzibas centra (European Monitoring Centre on Change) ilgtspejigas
biivniecibas gala zinojuma: "Biivniecibas nozare ir Eiropas lielakais riipnieciskais darba devejs.
Saja nozaré patéré vairak izejvielas neka jebkura cita riipniecibas nozaré, turklat biivniecibas
nozarg tiek radita lielaka dala no energijas galapatérina siltumnicefekta gazu emisijam. Lidz ar
to blivniecibas nozare saskaras ar ievérojamu vides izaicinajumu, lielaku neka jebkura cita
rupniecibas nozarg" [9].

Saja nodala dzives cikla analize veikta vienai no Latvijas tautsaimnieciba nozimigas
ripniecibas nozares razotném, kam ir raksturigs relativi liels energoresursu paterins. Ka
raZzotnes piemers, kura ka kurinamo izmanto dabasgazi, ir izvélets viens no lielakajiem
keramisko buvmaterialu razotajiem Baltijas valstts — AS "Lode" ripnica un taja razotie
buvmateriali - kiegeli. Uznémums ir dibinats 1958. gada un tam ir Cetras filiales — Liepa,
Kalnciema, Ané un Livanos [10].

Kiegelis ir keramikas materialu bloks, kuru galvenokart izmanto baivgjot jebkada veida
€ku - dzivojamo, komercialo vai riipniecibas €ku sienas. Kiegelu apdedzinasana izmanto
milzigu daudzumu energijas. Taupot energoresursus $aja nozaré, samazinatos kopgja ietekme
uz vidi, ko izraisTtu samazinats energijas pieprasijums un patérins. Kiegelu razosana, izmantojot
augstas efektivitates krasnis, ir izplatita visas attistitajas valstls un dazas attistibas valstis.
Tomér Azijas valstis kiegelus joprojam razo tradicionala veida, kam ir zema efektivitate [11].
Katrai valstij, it pasSi jaunattistibas valstim, So nozari pieverst ilgtsp€jigdm razoSanas metodém,
taja skaita modernu apdedzinaSanas krasnu ievieSana, ir izaicinajums [11].

Loti svarigs aspekts ilgtsp€jibas veicinasanai biivniecibas sektora ir biivmaterialu eko-
markeSana. Atpazistamu un respektablu mark&umu var uzskatit par razotaja konkur&tsp&ju
tirgli. Sajos mark&jumos ir noradits katra produkta ieguldijums globalas sasil$anas, ozona slana
noardisanas, skabo lietu, biotopu un citu vides indikatoru un ietekmju samazinajuma.
Izmantojot mark&umus, var novertét visas €kas vides sniegumu. Vertgjumi, kurus izmanto eko-
mark&jumu izstrade, ir dzives cikla analizes (DCA) rezultati. DCA Latvija ir sam@ra jauna
procediira, kas ir sameéra svarigs aspekts $aja petijuma.
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DCA metodika ir viens no nozimigakajiem ekodizaina darbarikiem, kas sevi ietver
parsvara visus nozimigakos vides novértgjuma aspektus [12—14]. Saja pétijuma ir ievérotas ISO
14 040 un ISO 14 044 standartos ieklautas prasibas un procediiras[15,16].

Plouffe et al. petijuma ir secinats, ka viens no visplasak izmantotajiem ekodizaina
instrumentiem ir dzives cikla analize [17]. Ta ir zinatniski pamatota metode, kuru izmanto
produkta vides snieguma novértéSanai, problému konstat€Sanai un risinajuma mekléSanai.
Pieaugosa interese samazinat globalas sasilSanas efektu un izvéléties videi draudzigus
blivmaterialus, paaugstina razotaju vélmi veikt savu produktu ietekmes uz vidi novert€jumu un
eko-markéSanu, kas savukart palidz€tu lietotajiem izveleties produktus ar labaku vides
sniegumu.

Saja nodala saskana ar ISO standartiem [15,16] ir analizéta 1 tonnas kiegelu radita
ietekme uz vidi, sakot no materialu ieguves vietas, [idz razoSanas procesa beigam. Dzives cikla
inventarizacijas dati ir iegliti razotn€, ka arT no A kategorijas atlaujas piesarnojosai darbibai
[18]. Lai veiktu buvmaterialu vides raksturojumu un iegiitu kop&jo ietekmes uz vidi raditaju,
izmantotas tr1s dazadas ReCiPe metodes perspektivas. ReCiPe ir jaunaka un harmoniz&taka no
produkta dzives cikla ietekmes uz vidi noveértgjuma metodém un, salidzinot ar CML 2000 un
Ecolndicator’99, ir daudz pilnveidotaka metode. ReCiPe ietver saskanotus kategoriju
indikatorus, gan viduspunktu, gan beigu punktu lIiment.

Produkta dzives cikla laika radtto vides ietekmju model&Sanai un analiz€$anai izmantota
DCA datorprogramma "SimaPro 8.1" (Faculty version) [20,21].

P&tfjuma izmantotie dati:

- izejas dati, kas iegtiti kiegelu raZotné Latvija;
- aprékinu rezultati, kuru pamata ir bibliografiska informacija.

Lai ieglitu buivmaterialu ietekmes uz vidi indikatoru, veikts ietekmes uz vidi
raksturojums izmantojot ReCiPe metode [16] aprakstitas tr1s kulttiras tipu perspektivas. Tam ir
atSkirigs skatfjums uz to, ka izveértét iesp&jamo kaitgjumu videi, ko raditu konkréta viela.
Perspektivu apraksts sniegts arT DeSchryver un [24] Marceau, VanGeem [25] darbos.

Individualista (I) perspektivu raksturo vaja grupas saliedétiba un sabiedrisko attiecibu
noteikumi. Individualisti ir savtigi un no citu kontroles relativi brivi cilveki, bet pasi tiecas
kontrolét apkart eso$o vidi un cilvekus taja. Sis arhetips dabu uztver ka stabilu kopumu, kurs
var atkopties no jebkada vides kaitéjuma un pielagoties visam izmainam daba. Sadai pieejai
atbilstoss skatTjums ir, ka cilvékiem ir augsta pielagoSanas kapacitate, izmantojot tehnologiskos
sasniegumus un ekonomisko attistibu. I perspektivai ir istermina (ReCiPe metod€ pienemts
20 gadu laika periods) skatfjums un tas parstavji uzskata, ka lémumus drikst pienemt tikai tada
gadijuma, ja videi nodaritie kait€jumi ir skaidri pieraditi, ka arT uzsver pasreizgjas ietekmes
parakumu par nakotnes ieguvumiem vai zaud&jumiem.

Egalitarista (E) perspektiva balstas uz loti spécigu grupas vienotibu, kas dabu uzskata
par trauslu un nestabilu vidi un tiecas stingri ievérot dabas likumus. Sada attieksme rada loti
augstas prioritates piesardzibas principu, kas lidzvertigi verteé gan pasreiz€jas, gan nakotné
iesp&jamas raditas ietekmes. Egalitarisma piekrit€ji parasti ir tie, kuri aktivi iesaistas dazadas
vides aizsardzibas organizacijas un tadgjadi censas ietekmét politiku. E perspektiva ir veidota
uz piesardzibas principa bazes, kas nem veéra ilgtermina (ReCiPe metode pienemts 500 gadu
laika periods) ietekmes veidus, kas p&c biitibas nav oficiali apstiprinati, bet ir dazi indikatori,
kas liecina par ietekmju iesp&jamibu.

Hierarhista (H) perspektivai ir raksturiga spéciga grupas vienotiba ar saistoSiem
sabiedrisko attiecibu noteikumiem (sabiedriba, kura lomas ir sadalitas un aprakstitas) un dabu
uztver ka lidzsvarotu vértibu. Sis perspektivas skatfjuma cilvéks un daba ir lidzvértigi. ReCiPe
metodé pienemtais laika periods ir 100 gadu. Sim arhetipam atbilstoss skatijums ir, ka ietekmes
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var noverst ar atbilstoSu pasakumu kopu, un nepartrauktiem mekl€jumiem un petijumiem,
veidojot Iidzsvaru starp vaditsp€jas un piesardzibas principiem. Hierarhisti tic, ka pielagoSanas
izmainam daba ir zinatniski pieradita un iesp&jama tikai lidz zinamam limenim, bet ne pilniba.
H perspektiva ir veidota uz visplasak pienemtajiem politikas principiem attieciba uz laika
vert€jumu un citiem jautajumiem.

Ceturtais cilvéku uzvedibas tips ir fatalists. Fatalisti nepiedalas aktivitates un diskusijas
par vides aizsardzibu, jo uzskata, ka neviens nezina tiesi kas un ka notiks nakotng. Sa tipa
cilveékiem parasti ir minimala vara paSiem par savu dzivi un tapec vini neredz jégu censties kaut
ko mainit. Lidz ar to ar1 $ada tipa perspektivas uzvediba netiek modeléta.

Analizgjot un novertgjot produkta dzives cikla laika radito ietekmi uz vidi, tiek veikta
produkta sisttma ieejoso un izejoso plismu uzskaite (inventarizacija), kuras rezultata tiek
iegiits gar§ dazadu vielu saraksts. Nemot véra, ka §is saraksts ir griiti interpret€jams, sakuma
tiek veikta vielu klasifikacija (vielas, atkariba no to ietekmes veida uz vidi, tiek sadalitas
kategorijas), tai seko raksturoSana (visas vielas reizina ar koeficientu, kas nosaka vielas relativo
ietekmi uz vidi), tad izlidzinasana (skaitliski izteikta ietekme uz vidi tiek salidzinata ar noteiktu
atsauces veértibu, pieméram, Eiropas pilsona radita vid€ja ietekme uz vidi gada laika) un beigas
tiek veikta svérSana (katras ietekmes kategorijas izlidzinatos rezultatus reizina ar svérSanas
koeficientu, kas raksturo katras ietekmes kategorijas relativo nozimi). SvérSanas koeficienti
dazadajam ieprieks aprakstitajam kultiras perspektivam atSkiras. Visiem ‘svertajiem’
rezultatiem ir vienadas mervienibas, tapec tas var viegli saskaitit un iegtt vienu skaitlisku
rezultatu, kas raksturo produkta ietekmi uz vidi. Sve€rSana ir viens no visstridigakajiem
posmiem, jo izv€letie sverSanas koeficienti ietekme rezultatu un gala secinajumus.

Katrai vielai ir savs nosacttais ietekmes uz vidi mehanisms vai cels, Iidz ar to katras
ietekmes kategorijas indikatora rezultatu var iegiit gan viduspunktu, gan beigu punktu liment.
Abiem ltmeniem ir gan priekSrocibas, gan trikumi. Viduspunktu ietekmes kategorijas ir uz
problému orient€ta pieeja, kas ietekmes interpreté ka ar vidi saistitus tematus, piem&ram,
klimata izmainas, paskabinaSanas, ietekme uz cilvéku veselibu un tamlidzigi. Savukart beigu
punktu Itment, kas tiek dévets ar1 ka uz kait€jumu orientéta pieeja, ietekme uz vidi tiek izteikta
problémjautajumos, piem&ram, cilvéku veseliba, dabiska vide un dabas resursi. Salidzinot ar
viduspunktu Iimeni, beigu punktu limenim ir augstaka nenoteiktibas pakape, bet 1l€mumu
pienémgjiem rezultati ir vieglak saprotami [26].

ReCiPe ir dzives cikla ietekmes noveértéSanas metode, kas ietver saskanotus kategoriju
indikatorus gan viduspunktu, gan beigu punktu Itmeni. Metodes primarais mérkis ir izteikt garu
dzives cikla inventarizacijas rezultatu sarakstu noteikta skaita indikatoru. Sie indikatori parada
vides ietekmes kategorijas relativo nozimi (svaru). ReCiPe metod€ ir astonpadsmit samera
robusti, bet griiti interpret€jami viduspunktu raditaji un tris saméra viegli uztverami, bet mazak
precizi beigu punktu indikatori. Ietekmes novertejums veikts izmantojot ReCiPe Endpoint
V1.06/Europe metodes tris dazadas kultiras perspektivas: I/A, E/A un H/A (pirmais burts
norada attiecigo perspektivu un "A" attiecinams uz vid€jiem (average) raditajiem un ir metodes
izstradataju rekomend@ta sverSanas pieeja).

Petljuma izmantotas datubazes: Ecolnvent (v2.2), European Life Cycle Database
(ELCD v2.0) un U.S. Life Cycle Inventory (USLCI). Saja pétijuma no datubazém izvéléti un
aprékinos izmantoti tikai sistémprocesi.

1.1. Mérka un jomas definésana, funkcionala vieniba
un references pliisma, sistémas robezas

Galvenais mérkis, veicot DCA, ir aprékinat, novertét un noteikt biivmateriala razoSanas

posmu ietekmi uz vidi, Tpasu uzmanibu pieverSot razosanas posmam, kura ietekme uz vidi ir
vislielaka, lai varétu meklet risindjumus §a posma uzlabojumiem.
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leejosas un izejosas plismas

=) |

Mali
146000 t/g
Ap 304 m%dnn

Udens:
Sadzives vajadzibam — 1194m°/g
Razo3anas procesiem — katlu maja — 6m°/g

ool

Elektroenergija
Razo8anas ceha patéring 4800 MWh/g
Apgaismojumam 24 MWh/g

Dabasgée
Razo$anai 6800tk. m*/g
Apsildei 844tk. m*/g

Papildmateriali

Skaidas 20300 t/g

Koka paletes 3200 t/g

PE pléve 173 t/g

Ella tehniskai apkopei 0,6 t/g

Degviela
Izejvielu transportéSanai

| Izejvielu ieguve

Izejvielu parstrade

Formésana

Zavésana

Apdedzinasana

Skirosana

lepakosana

—_———

160 000 m® vai 135 000 tonnu gada
keramisko blvmaterialu gada

<

Notekudeni
lidz 1200 m*/g

A

Emisijas gaisa

PMy, 3,879 t/g

CO 89,537 t/g

NO, 25,702 t/g

SO, 5,866 t/g

Kopéjais emisiju daudzums gada:
124,984 t

CO,— 14292 t/g

e

Atkritumi

Brakis 2656 t/g

Papirs, kartons — 1,2 t/g

Koka iepakojums 18 t/g
Polimérmateriali — 1,2 t/g

Neskiroti sadzives atkritumi 9,6 t/g
Luminiscentas spuldzes 0,03 t/g
Svina akumulatori 0,1 t/g

1.1. attels. Sist€mas robezas. 2011./2012. gada dati. Datu avoti — razotne un tas

piesarnojosas darbibas atlauja [18].

Produkta sisteémai ir dazadas sisteéma ieejosas un izejoSas pliusmas (skat. 1.1. attelu).

Kiegelu razosana tiek izmantoti dazadi izejmateriali (galvenokart mals) un izdegosas piedevas,
pieméram, salmi vai skaidas, ka arT dabasgaze, ko izmanto ka kurinamo nepiecieSama siltuma
nodros$inasanai, un elektriba. No produkta sist€mas izejosas pliismas parsvara ir emisijas gaisa,
kas rodas dabasgazes degSanas procesa. RazoSanas procesa rodas arT neliels daudzums sadzives
atkritumu, tGdens un cietie atkritumi. Nemot véra So atkritumu apjomu un salidzinosi
nenozimigo ietekmi uz vidi, $aja petijuma tie netika ieklauti.

Petijumam brivi izvéletaja uznémuma razo dazadu veidu un izméru keramikas

biivmaterialus. P&tijuma funkcionala vieniba ir viena tonna noteikta veida kiegelu. References
plisma ir viena tonna kiegelu.

Mala kiegelu sist€mas robezas ietilpst malu ieglisana atradné, malu glabasana un

apstrade, kiegelu veidoSana, zavésana un apdedzinasana, ka arT iepakosana.

Kiegelu dzives cikls ir iedalits $adas apakssistémas (skat. 1.2. attelu):
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leejosas un izejosas

plismas
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val€iem (3mm) uz
val€iem (1mm)

Q malu atradne
,Progress”
Ap 304 m*/dnn

=

1,5 km ar MAZ tipa
pasizgazéjiem

[ZI% Malu uzglabasana
konusa

—_ __ Arvienkausa ekskavatoru padod auto

|
I
I
I
I
I
I
I
I
I

pacélaja, ieber kastes padevéja, ar

transportierlentu sistému uz dzirnavam

I
I
I
I
I
I
I
I
I
I
I
I
I
)

Notektdeni
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Emisijas gaisa

no uzstaditajam iekartam

telpu apkurei:
- 9 skapjveida sildttaji
- katlu maja

dazadas jaudas un katram

savs dimenis

a

CO 1,552 t/g

NO 2,832 t/g
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.
________________ —
_________ N

lepako$anas un

uzglabééanasm Brakis 2656 /g
I posms !
o oire i

160 000 m* vai 135 000 tonnu
keramisko blvmaterialu gada

Gatavas
produkcijas
uzglabasana

Papirs, kartons — 1,2 t/g
Koka iepakojums 18 t/g
Plastmasas — 1,2 t/g |

NO, 22,87 t/g
S0, 5,866 t/g

Neskiroti sadzives atkritumi 9,6 t/
Luminiscentas lampas 0,03 t/g
Svina akumulatori 0,1 t/g

il

1.2. attéls. Produkta dzives cikla apaksSsist€émas; ieejosas un izejosas pliismas gada griezuma.
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1))

2)

3)

4)

S)

6)

Mala ieguve un uzglabasana. Atradné iegtito kvartara nogulumu malu uz ripnicu apméram
1,5 km attaluma transporté ar MAZ tipa pasizgazejiem. legtito malu krauj konusos, kuru
tilpums ir Iidz 10,000 m?, un, lai dabiga veida atbrivotos no lieka mitruma, uzglaba vismaz
8 ménesus.
Malu parstrade. Malu no konusa ar vienkausa ekskavatoru padod auto-pacélaja, ieber
kastes padev€ja un ar transportierlentu sistému padod uz skrejdzirnavam. No dzirnavam
mali tiek transport€ti vispirms uz 3 mm val¢iem, pé€c tam uz 1 mm valCiem. P&c Sadas
apstrades malu transporté uz kratuvi, kuras tilpums ir aptuveni 1500 m®. Diennakti
parstrada aptuveni 400 m® malu. No kratuves malu transporté uz raspleri, kur tam pievieno
izdegosas piedevas, pieméram, skaidas, salmus vai citas.
Kiegelu formésana. Sagatavota mala masa nonak skrivveida presé, kur malam pieskir
noteiktu formu un to sagrieZ nepiecie$ama izméra kiegelos. ForméSanas posma radusos
braki/cietos atkritumus nogada skrejdzirnavas un izmanto atkartoti.
Zavésana. Pec formesanas kiegelus novieto uz zavésanas vagonetém un transporté uz
7avesanas kameru, kura temperatiira ir apméram 140°C. Zavé$anai nepiecie§amo karsto
gaisu iegist no apdedzinasanas krasnim. Kiegelus Zavé, lidz sakotn&jais mitrums ir
samazinajies lidz 2—4 %. Zavésanas posma radusos braki/cietos atkritumus nogada malu
konusa un izmanto atkartoti.
Apdedzinasana. Péc zavesanas kiegeli tiek parkrauti uz apdedzinasanas vagonetem.
Izzaveto kiegelu vagonetes apdedzinasanas krasni tiek padotas ik péc 30-35 minGteém.
Kiegelus apdedzina temperatiira, kas neparsniedz 950-980°C. Krasnis izmantotais
kurinamais ir dabasgaze. Péc apdedzinasanas radusos braki un cietos atkritumus smalcina
un nogada skrejdzirnavas, un izmanto atkartoti.
lepakosana. Apdedzinatos kiegelus novieto uz koka paletém un iepako, izmantojot zema
blivuma polietiléna plévi (PE-LD).

1.2. Dzives cikla inventarizacija

Produkta dzives cikla apakSsist€mas; ieejosas un izejosas plismas gada griezuma ir

paraditas 1.2. att€la. Viena me&nesa razoSanas inventarizacijas dati ir apkopoti 1.1. tabula. Malu
parstrades posma patéré apméram 40 % no visa razoSanas cikla patérétas elektroenergijas.
Apdedzinasanas posma vienas tonnas kiegelu apdedzinasanai patéré 338,28 kWh dabasgazes,
ka arT 25,46 kWh elektroenergijas. Kiegelu riipnieciba galvenais energijas avots ir dabasgaze.
Kurinama un izdegos$o piedevu izmantosana rada SO, CO un NO emisijas.

1.1. tabula
Inventarizacijas dati.

2011./2012. gada dati. Datu avoti — razotne un tas piesarnojosas darbibas atlauja [18]

Produkts Apjoms ménesi Meérvieniba

Tegiitais mals 8600 m’

Elektroenergija 831 MWh

Dabasgaze 328 1000 m?

Gatavie kiegeli 8160 t

Polietiléna pleve 1,2 kg/m?

Brakis 2 % no kopgja sarazota apjoma
Cietas dalinas (PM) 7,46 t

SO 2,14 t

CcO 0,49 t
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Produkts Apjoms méenesi Meérvieniba

NO 0,32 t

Koka paletes 17 kg/m?

Salmi 0,9 % no izejvielu masas
Skaidas 2,7 % no izejvielu masas

1.3. Ietekmes noveértejums

Ietekmes noveértejums veikts, rezultatus izsakot procentos, jo galvenais merkis Saja
petljluma posma bija salidzinat razoSanas procesu un materialu ietekmes uz vidi relativas
atSkiribas, lidz ar to absoliitajai punktu vértibai nav galvena nozime.

Rezultati parada (skat. 1.3. attelu), ka:

100%
90%

= 80%

-

£ 70%

- p— \c

2. 60%

S E

S35 50%

S3  40%

=3

2 30%

2

S 20%
10%
0%

vislielaka no kopg€jas raditas ietekmes neatkarigi no perspektivas (I, E vai H)
rodas apdedzinaSanas procesa, izmantojot dabasgazi: ~78 % [ un H, un ~76 % E
perspektivas gadijuma;

elektroenergijas izmanto$ana razoSanas procesa rada lielaku ietekmi uz vidi,
salidzinot ar dabasgazes izmantoSanu apkurei: visas perspektivas attiecigi ~11 %
un ~6 %;

materialu, ko izmanto produkta iepakoSanas posma (polimérmateriala pléve un
koka paletes), ka arT citu materialu un procesu radita ietekme uz vidi (piem&ram,
malu ieguve un transportéSana lidz ripnicai, iekartu apkop€ nepiecieSamo
smérvielu ietekme uz vidi u. c.) ir ~1-4 % robezas no kopgjas ietekmes uz vidi.

T 6 %

2 %, 1% 2%
3% 207 2%
6 % ° 6 %

Citi materiali un procesi

m PE-LD

Koka paletes

Dabasgaze apkurei

m Elektroenergija

m Dabasgaze apdedzinasanai

1.3. attéls. Materialu un procesu radita ietekme uz vidi.

Zagu skaidu pievienoSanas malam (izdegosas piedevas) ietekme uz vidi netika rékinata.
Kaut ari izmantotaja SimaPro programmas datubazé ieklautais produkts ‘zagu skaidas’ ir
klasificets ka atkritumprodukts, tomér ta radita ietekme tiek rékinata ka jebkuram produktam,
kas tiek razots, ieklaujot visas produkta sist€tma ieejoSas un izejosas plusmas. Datubaze
pieejamaja produkta apraksta ir noradits, ka skaidas razo saplaksna razotn€ délu t€Sanas un
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zageSanas procesa laika un ietekmes sadalijums veikts péc dazadu kopproduktu masas vai
apjoma. Datubazg ir ar1 norade, ka taja ieklautie dati ir parbauditi, tom&r datubaze nav validéta.
Kiegelu razosana izdegosas piedevas izmanto, lai nodroSinatu biivmaterialam nepiecieSamas
1pasibas un samazinatu kurinama patérinu. [zdegosas piedevas var biit arT citi atkritumprodukti,
ne tikai zagu skaidas, bet arl salmi, kafijas pupinu Caulas u. c. Lidz ar to skaidas nav
neaizstajams produkts $aja tehnologiskaja procesa, tapéc tas nav speciali jaraZzo un jaiepérk
blivmateriala raZzoSanas vajadzibam. Nemot véra Sos apstaklus un pienemot, ka izdegosas
piedevas netiek razotas speciali blivmateriala riipniecibas vajadzibam, skaidu ietekme uz vidi
netika rékinata.

Analizgjot un savstarpgji salidzinot izmantoto materialu un procesu raditas slodzes uz
vidi, var secinat, ka galvenie faktori, kas rada ietekmi uz vidi kiegelu razoSanas laika, ir
dabasgaze un elektroenergija (skat. 1.3. attélu).

Ietekmes uz vidi novertgjums visam trim perspektivam veikts ari, salidzinot ietekmi,
kas rodas dazadas viduspunktu ietekmju kategorijas (skat. 1.4. att€lu). Vertetas tika tas
viduspunktu ietekmju kategorijas, kuru nozimiba vai svars kopgja ietekmé ir >2 %. [ un H
perspektiva tadas ir Cetras ietekmju kategorijas, bet E perspektiva tadas ir seSas ietekmju
kategorijas. Visas perspektivas vislielaka ietekme ir tris ietekmes kategorijas: fosilo resursu
noplicinaSana un klimata izmainas, kas ietekmé gan cilvéku veselibu, gan ekosistemas kopuma.
Ceturta ietekmes kategorija H un I perspektiva ir cieto dalinu veidosanas un E perspektiva ta ir
toksiskums. E perspektiva ari cieto dalinu veidoSanas kategorijas, ka ari zemes platibu
parveidosanas kategorijas ietekme ir >2 % no kopgjas ietekmes.
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1.4. attels. RaZzoSanas procesu un materialu radita slodze
uz vidi viduspunktu ietekmju kategorijas.

Vislielaka ietekme visas tris perspektivas (skat. 1.4. att€lu) tiek radita fosilo resursu
noplicinaSanas kategorija (~30—41 %) un mazliet mazaka ta ir klimata izmainu ietekmes
kategorijas (~17-26 %). Apméram 17 % liela ietekme ir ari E perspektivas toksiskuma
kategorija, bet cieto dalinu veidoSanas kategorija (I un H perspektiva) ietekme ir ~14 %. H
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perspektiva cieto dalinu veidoSanas kategorija ietekme ir ~7 % un zemes platibu parveidoSanas
kategorija ietekme ir ~4 %. Pargjas viduspunktu ietekmju kategorijas radita ietekme uz vidi ir
~1-4 % robezas.

Beigu punktu kait€juma kategorija ‘Resursi’, saskana ar metodes aprakstu [22], ietver
metalu un fosilo resursu noplicinasanu, un §is kategorijas ietekme ir izteikta, ka papildus
energijas daudzums, kas nepiecieSams izejvielu un fosila kurinama iegiiSanai nakotné.
Veselibai nodarita kait€juma kategorijas, kas ietver klimata izmainas, kas attiecas uz cilvéku
veselibu, ozona slana noardiSanos, toksiskumu, fotoktmisko oksidétaju veidoSanos, cieto dalinu
veidoSanos un jonu starojumu, raditajs izteikts ka zaud€to dzives gadu skaits un gadu skaits,
kas dzivots invalida (darba nespgjigas personas) statusa. Kaitg§jumu ekosistemam raksturo sugu
skaita samazina$anas noteikta teritorija noteikta laika posma. Saja kaitéjuma kategorija ir
ietvertas klimata izmainas (ietekme uz ekosisttmam), augsnes paskabinaSanas, saldiidens
eitrofikacija, juru, saldidens un augsnes ekotoksiskums, ka arT lauksaimniecibas un pilsétu
zemju aiznemSana un dabigo zemju platibu parveidoSana.

Izvert&jot razoSanas procesu un materialu radito slodzi uz vidi beigu punktu kaitgjuma
kategorijas (skat. 1.5. att€lu), var secinat, ka visu tris perspektivu skatijuma visvairak tiek
ietekmeta resursu kategorija: ~50 % I perspektivas skatijuma, ~49 % H perspektivas skatfjuma
un ~41 % E perspektivas skatijuma. Vislielakais kaitgjums veselibai tiek radits E perspektivas
gadijuma (~35 %), bet H un I perspektivas skatijuma ietekme S$aja kait€juma kategorija ir
attiecigi ~32 %un ~29 %. Ekosisttmam nodaritais kait€juma Ipatsvars visu tris perspektivu
skattjuma ir [idzigs (~21 % I perspektivas, ~23 % E un ~19 % H perspektivas skatijuma).
Rezultatu atskiribas ir skaidrojamas ar attiecigo kultiiras perspektivu filozofiju. I perspektiva
dabu uztver ka stabilu vertibu, kas pati spgj atkopties un pielagoties izmainam, un uzskata, ka
cilvékam ir augsta pielagoSanas sp&ja, izmantojot tehnologiju un ekonomisko attistibu. Lidzigi
H perspektiva daba tiek uztverta ka Iidzsvarota vide, kura daba un cilvéks ir Iidzvertigi, un
ietekmes var noverst ar atbilstoSu zinatniski pamatotu pasakumu kopumu. Turpretim E
perspektiva daba tiek uztverta ka trausla un nestabila vide, tapéc jebkadas izmainas tiek
uztvertas un analiz€tas piesardzigi, turklat ilgtermina — 500 gadu skatfjuma (I perspektivai —
20 gadu laika periods, H perspektivai — 100 gadi).
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1.5. attels. RazoSanas procesu un materialu radita slodze
uz vidi beigu punktu kait€§juma kategorijas.

Analiz€jot izvEletas apstrades riipniecibas pieméru, janem véra, ka viens no kiegelu
razoSanas specializétajiem soliem ir kiegelu apdedzinasanas posms [27, 28], kura laika

26



kiegeliem tiek pieskirtas visas nepiecieSamas Tpasibas. Dazadi dzives cikla p&tijumi apliecina,
ka tiesi kiegelu apdedzinasanas posms ir energoietilpigakais no kiegelu razoSanas posmiem
[29-34]. Turklat lielaka dala no raditajam emisijam tiek attiecinata tieSi uz apdedzinasanas
krasnis izmantotajiem energoresursiem [33]. Tiek Iests, ka neapdedzinatajiem (gaisa
zavetajiem) kiegeliem ir par 1/3 mazak CO:2 ekvivalenta uz vienu kiegeli neka krasni
apdedzinatajiem [35]. Parasti kiegelu apdedzinasanas krasnis kurina ar dabasgazi, bet ka
kurinamo var izmantot ari propanu, naftas produktus, skaidas, ogles vai So kurinamo
kombinacijas [28, 29]. Pastav dazadi faktori, kas ietekm@ energijas patérinu kiegelu razoSanas
procesa. Kurinama paterinu ietekmé apdedzinasanas temperatiira un tai nepiecieSamais laiks,
krasns veids un tehniskais stavoklis, tas efektivitate, izmantoSanas veids (nepartraukta vai
periodiska darbiba), galaprodukta veids, ka ar7 izejmaterialu veids un oglekla saturs taja [28,
31].

1.4. Secinajumi

Galvenais 82 pétijuma posma uzdevums bija aprékinat un novertét produkta, kura
razoSanas procesa ka kurinamo izmanto dabasgazi, dazadu razoSanas posmu ietekmi uz vidi, ar
meérki noteikt posmu, kura tiek radita lielaka ietekme un rast risinajumus $a posma
uzlabojumiem. Nemot véra to, bija jasalidzina raZzoSanas procesu relativas atskiribas, tatad
raditas ietekmes noveért€juma absoliitajai punktu vertibai nebija biitiskas nozimes un ietekmes
novertejums veikts, rezultatus izsakot procentos.

Aprekinu rezultati parada (skat. 1.3.att€lu), ka, neatkarigi no perspektivas (I, E vai H),
vislielaka ietekme (>75 %) no kopgjas raditas ietekmes rodas razoSanas procesa dabasgazes
izmantoSanas rezultata. Savukart elektroenergijas izmantoS$ana razoSanas procesa, salidzinot ar
dabasgazes izmantoSanu apkurei, rada lielaku ietekmi uz vidi. Produkta iepakoSanai
nepiecieSamie materiali, ka ar1 citu materialu un procesu radita ietekme uz vidi (pieméram,
malu ieguve un transportéSana Iidz ripnicai, iekartu apkop€ nepiecieSsamo smervielu ietekme
uz vidi u. c.) ir saméra neliela (~1-4 % robezas no kopgjas ietekmes uz vidi).

Analizgjot ietekmes uz vidi kategorijas, var secinat, ka vislielaka ietekme (skat.
1.4.attelu) tiek radita fosilo resursu noplicinasanas viduspunktu kategorija (~30-41 %) un
mazliet mazaka ta ir klimata izmainu, kas saistitas gan ar ietekmi uz veselibu, gan uz
ekosisttmam kopuma, ietekmes kategorijas (~17-26 %) un apméram 17 % liela ietekme ir ar1
E perspektivas toksiskuma kategorija. Cieto dalinu veidoSanas kategorija (I un H perspektiva)
ietekme ir ~14 %, E perspektiva ta ir ~7 %. Citas viduspunktu kategorijas radita ietekme uz vidi
ir ~1-4 % robeZas.

[zvertejot razoSanas procesu un materialu radito slodzi uz vidi beigu punktu kaitgjuma
kategorijas (skat. 1.5.att€lu), var secinat, ka visu tris perspektivu skatijuma vislielakais
kait€jums tiek nodarits resursu kategorija (~41-50 %), kaitgjums veselibai ir novertets ~29—
35 % robezas, bet ekosisttmam nodaritais kait€§juma Ipatsvars visu tris perspektivu skatijuma
ir ~19-23 %.

Biivmaterialu razoSana ir energointensivs process. To apstiprina veikta biivmaterialu
razosanas procesa, sakot no materialu ieguves vietas, [idz razoSanas procesa beigam, izpétes,
aprékinu un noveértéSanas rezultati — vislielako ietekmi uz vidi rada dabasgazes izmantoSana
blivmaterialu apdedzinasanas posma. Lielaka dala no raditajam emisijam ir tieSi saistita ar
kurinama (dabasgazes) izmantoSanu riipnieciba. No viduspunktu ietekmes kategorijam lielaka
ietekme uz vidi tiek radita fosilo resursu noplicinasanas ietekmes kategorija. Kaut art dabasgaze
tiek uzskatita par vidi mazak ietekmé&josu kurinamo, salidzinot ar oglém un naftas produktiem,
atjaunojamo energoresursu izmantosana varétu samazinat razoSanas procesa radito ietekmi uz
vidi. Vietgjo atjaunojamo resursu izmantoSana samazinatu ari Latvijas energo-atkaribu,
samazinot dabasgazes importu.
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2. KURINAMA ALTERNATIVU IZVERTEJUMS DABASGAZES
AIZSTASANAI AR ATJAUNOJAMU ENERGORESURSU
ALTERNATIVU

Apstrades riipniecibai, taja skaitd arml keramisko buvmaterialu razoSanas nozarei, ir
raksturigs augsts energijas paterins, jo ilgstosi tiek darbinatas augstu temperatiiru nodrosinosas
krasnis [36,37]. Iekartu augsta energijas patérina rezultata tiek radits ievérojams daudzums
globalo sasilSanu izraisoSo siltumnicefekta gazu (SEG). Biivniecibas sektors izmanto aptuveni
40 % no gada laika pasaul€ patérétajiem izejmaterialiem [38] un kiegeli ir vieni no visplasak
izmantotajiem buvmaterialiem [30]. Tomer, kaut ar1 buvmaterialu raZo$ana rada ievérojamu
ietekmi uz vidi, Siem materialiem ir ilgs kalpoSanas laiks un to pareiza izv€le samazina €ku
energijas paterinu.

Zinatnieki ir veikuSi dazadus petijjumus par krasnu un riipnicu optimizacijas iespg&jam
[39-41], par dazadu izdegoSo piedevu ietekmi uz kurinama paterinu, ka ar1 par to, ka piedevas
ietekmé kiegelu fizikali-kimiskas ipaSibas [42—44], lai attistitu ilgtsp&jigu blvmaterialu
razoSanu izmantojot atkritumu parstradi [45,46], ka ar1, lai novert€tu €ku vai biivniecibas
konstrukciju sistému dzives ciklu [47,48]. Tomer Skiet, ka mazaka uzmaniba tikusi pieversta
vides ietekmes novértéjumam, ko rada noteikts biivmateriala veids, vai, lai novertétu ietekmes
uz vidi izmainas, ko var€tu radit kurinama nomaina. Attieciba uz pirmo, ir publicéti tikai dazu
petijumu rezultati, kuros atspogulots keramisko biivmaterialu ietekmes uz vidi novertjums.
Pétijuma par Griekijas kiegelu razotni [30] ietekmes uz vidi novért€§jumam izmantota
"Ecolndicator’95" metode, kas ir "Ecolndicator’99" metodes vecaka versija. Produktu dzives
cikla analizei un ietekmes uz vidi noteikSanai ir pieejamas jaunakas metodes, pieméram,
ReCiPe [49], kura ir izmantota arT Latvija razoto kiegelu novertésana. Ar1 $aja darba dzives
cikla aprékini un ietekmes uz vidi noveértéjums veikts izmantojot jaunako pieejamo ReCiPe
metodi un datorprogrammas "SimaPro 8.1" versiju [20,21].

Ir veikti petijumi, kas saistiti ar energoefektivitates uzlabojumiem vai atjaunojamo
energoresursu izmantoSanu [50,51] ar mérki produkcijas vienibai samazinat SEG emisijas.
Tome@r var paredzgt, ka jautajums par biivmaterialos ietvertas energijas daudzumu nakotng klts
arvien aktualaks, jo palielinasies €ku energoefektivitate. Labako pieejamo tehnologiju atsauces
dokumenta (Reference Document on Best Available Technologies — BAT), kas izstradats
keramikas rtpniecibai (to ir izdevusi Eiropas Komisija), ir minéts, ka kiegelu apdedzinasanai
parsvara tiek izmantota dabasgaze, Skidrinata naftas produktu gaze un Skidrais krasnu
kurinamais. Noradits, ka krasnu kurinasanai tiek izmantoti ar1 citi energoresursi, piem&ram,
Skidrinata dabasgaze, biogaze, biomasa, elektroenergija, mazuts un cietais kurinamais
(pieméram, ogles, kokss) [36]. Saja atsauces dokumenta ir mingts, ka ietekmi uz vidi varétu
samazinat kurinama nomaina, pieméram, ja mazuts vai cietais kurinamais tiktu aizstats ar
dabasgazi (vai ar1 ar Skidrinato naftas produktu gazi vai skidrinato dabasgazi). Tiek ar1 noradits,
ka atjaunojamajiem energoresursiem varétu biit nozime ka kurinamajam, ko izmanto krasnis,
tacu joprojam triikst informacijas par emisiju un patérinu datiem [36].

Sakara ar vides un geopolitiskajiem apstakliem jautajums par fosilo kurinamo
aizstaSanu ar atjaunojamo energoresursu alternativam klust arvien aktualaks. Turklat
ripniecibas nozares, kuras ka kurinamo izmanto dabasgazi, tas izmantosana ir tiesi saistita ar
vislielako ietekmi uz vidi. Lidz ar to neatjaunojamo energoresursu aizstasana ar
atjaunojamajiem tiek uzskatita par vienu no efektivakajam pieejam ietekmes uz vidi
samazinasana un energétiskas neatkaribas veicina$ana. Saja nodala tiks izveértéti vides aspekti,
dabasgazi aizstajot ar biosintétisko dabasgazi (bio- SNG) (2.1. apaksnodala) un veikta biogazes
un biodegvielu dzives cikla analize (2.2. apaks$nodala).

Biosintetiska dabasgaze (bio-SNG) ir viena no dabasgazes alternativam. Bio-SNG
ieglist celulozes (piemé&ram, mezsaimniecibas atkritumu, energétisko kultiru) gazifikacijas
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cela, bet biogazi razo izmantojot biologiskos procesus — organiskajiem materialiem (piemé&ram,
kiitsmesliem, organiskajiem atkritumiem) sadaloties anaerobos apstaklos. Bio-SNG razoSana
sakas ar gazifikacijas posmu, kam seko gazes pirmsapstrade, SNG sintéze un gazes attiriSana.
Kaut arT bio-SNG razosana atSkiras no biogazes un biometana razoSanas procesa, tomér bio-
SNG var izmantot tiesi tapat ka biometanu.

2.1. apaksnodala ar mérki salidzinat dabasgazes un bio-SNG radito ietekmi uz vidi,
pétijuma veikSana izmantota GEMIS (Global Emission Model for Integrated Systems) datubaze
[52]. Petijuma salidzinatas dzives cikla laika raditas CO2 emisijas, patérétas energijas daudzums
un nepiecieSamie materiali, zemes izmantoSanas un nodarbinatibas aspekti. PEtijuma rezultati
apliecina, ka, dabasgazi aizstajot ar bio-SNG, samazinatos siltumnicas efektu radoSo gazu
emisijas un palielinatos iedzivotaju nodarbinatiba. Tomér dzives cikla laika patérétas energijas
daudzums un nepiecieSamie materiali, ka ar1 nepiecieSamas zemes platibas bio-SNG
izmantoSanas gadijuma bitu lielakas neka izmantojot dabasgazi.

Viens no kiegelu razosanas specializétajiem soliem ir kiegelu apdedzinasanas posms
[27, 28], kura laika kiegeliem tiek pieskirtas visas nepiecieSamas ipasibas. Dazadi dzives cikla
pétijumi apliecina, ka tiesi kiegelu apdedzinasanas posms ir energoietilpigakais no kiegelu
razoSanas posmiem [29-33]. Turklat lielaka dala no raditajam emisijam tiek attiecinata tiesi uz
apdedzinasanas krasnis izmantotajiem energoresursiem [33]. Tiek 1&sts, ka neapdedzinatajiem
(gaisa zavetajiem) kiegeliem ir par 1/3 mazak CO: ekvivalenta uz vienu kiegeli neka krasni
apdedzinatajiem [35]. Parasti kiegelu apdedzinaSanas krasnis kurina ar dabasgazi, bet ka
kurinamo var izmantot arl propanu, naftas produktus, skaidas, ogles vai So kurinamo
kombinacijas [28, 29]. Pastav dazadi faktori, kas ietekmé energijas patérinu kiegelu raZzoSanas
procesa. Kurinama patérinu ietekmé apdedzinasanas temperatiira un tai nepiecieSamais laiks,
krasns veids un tehniskais stavoklis, tas efektivitate, izmantoSanas veids (nepartraukta vai
periodiska darbiba), galaprodukta veids, ka ar1 izejmaterialu veids un oglekla saturs taja [28,
31].

P&tfjumu rezultati, kuru pamata ir dzives cikla inventarizacijas dati [32, 53], liecina, ka,
dabasgazi aizstajot ar biometanu, SEG emisijas var samazinat Iidz pat 80 %. Lidz ar to var
apgalvot, ka dabasgazes aizstasana $aja razoSanas nozaré varétu sniegt vairak biitisku vides
priekSrocibu neka pakapeniski iekartu efektivitates uzlabojumi. 2014. gada pétijuma
Ellersdorfer un Weif ir aprakstijusi biogazes stacijas integraciju cementa riipnieciba no
energetiska un ekonomiska skatupunkta [51]. Tomér ir nepiecieSams precizaks ar DCA datiem
pamatots p&tijums, ietverot art citas kurinama alternativas, piem&ram, biodegvielas.

Turpinajuma 2.2. apak$nodala analizéta dabasgazi izmantojoSas razotnes ietekme uz
vidi, izvértejot dazadus kurinama aizstaSanas un elektroenergijas razoSanas avotu scenarijus.
Analizgta ir ¢etru dazadu kurinama veidu — dabasgazes, biometana, pirmas un otras paaudzes
biodegvielu — izmantoSana riipnieciskajas krasnis. Scenariji noverté§jumam izmantota ietekmes
noveértéSanas metode ReCiPe. Rezultati liecina, ka ietekmi uz vidi ir iesp&jams samazinat par
aptuveni 50 %, ja dabasgazi aizstaj ar biometanu vai otras paaudzes biodegvielu.

2.1. Vides aspektu izvertéjums dabasgazi aizstajot
ar biosintétisko dabasgazi

Tradicionalos energoresursus, nemot véra tehnologiju attistibu, ir iesp&jams aizstat ar
atjaunojamo energoresursu alternativam [29]. Gomes un Hossain [11] norada, ka tehnologiju
nomaina (ipasi gadijumos, ja ar oglém kurinatas krasnis aizstatu ar dabasgazi izmantojosam
tehnologijam) radis ievérojamu siltumnicas efektu izraiso$o emisiju samazinajumu. Lidzigi ari
dabasgazes aizstasana ar bio-SNG varétu samazinat CO2 emisijas [54]. Kiegelu raZoSanai, kuru
apdedzinasana izmantoti atjaunojamie energoresursi, ir nepiecieSams vismazakais energijas
apjoms, salidzinot ar visiem tirgli pieejamajiem buvmaterialiem [29]. Tapéc pétijums par

29



alternativo energoresursu izmantoSanas iesp&jam un to salidzinajums ir nepiecieSams un
aktuals. Saja apak$nodala ir aprakstiti un salidzinati dazadi vides aspekti dabasgazi
biuvmateriala riipnieciba aizstajot ar bio-SNG, kas ir viens no alternativajiem energoresursiem
(alternativais energoresurss — termins, kas attiecas uz jebkuru energijas avotu, kas nav fosilais
kurinamais).

Ar1 8aja nodala ka razotnes piemérs, kura ka kurinamo izmanto dabasgazi, ir analizéta
buvmaterialu (kiegelu) razotne. Un pétijuma ir izmantoti viena razoSanas gada dati, kas iegiti
blivmateriala ripnica Latvija. Pamatdati par rupnicu ir sekojosi: razoSanas jauda ir 135,000
tonnas keramikas biivmaterialu gada; ikgadgjais dabasgazes patérin$ ir 7,644 tiiksto§i m?;
elektribas patérin$ 4,824 MWh; izejmaterialu (mala) patérin$ - 146,000 tonnas; ikgadg€jas
emisijas gaisa: oglekla dioksids — 14,292 tonnas, oglekla oksids — 89,5 tonnas, slapekla
oksids — 25,7 tonnas, s€ra dioksids— 5,9 tonnas, cietas dalinas — 3,9 tonnas [18]. Definéta
funkcionala vieniba ir 1 tonna keramisko biivmaterialu.

Dabasgazes un bio-SNG dzives cikla laika radita ietekme uz vidi tika salidzinata
izmantojot GEMIS (Global Emission Model for Integrated Systems) v.4.8 datubazi. GEMIS ir
izstradata 1989. gada un kops ta laika nepartraukti ir atjaunota un papildinata [52]. GEMIS
izmanto procesu un scenariju dzives cikla laika radito ietekmju aprékinaSanai, tas ir, nemot véra
visus procesus, sakot ar izejmaterialu iegtiSanu (taja skaita primaras energijas un jélmaterialu
iegtisanu) lidz pat galaproduktu un energijas lictoSanai, ieklauta ir ari papildus energijas un
materialu izmanto$ana, energijas piegades infrastruktiras biivniecibai nepiecieSamie materiali,
materialu un transporta sistéma, ka art tieSa un netiesa ietekme uz nodarbinatibas efektu [52].

GEMIS ir ieklauti dati par emisijam gaisa (SO2, NOx, CO, NH3 u. ¢.), siltumnicas efektu
radoSo gazu emisijam (CO2, CH4, N20), ka arT cietajiem atkritumiem, notekiideniem un zemes
izmantoSanu. Datubazg ir ieklauti arT emisiju standarti, tadgjadi, izmantojot GEMIS, ir iesp&ja
novertét degsanas procesu atbilstibu nacionalajiem un starptautiskajiem emisiju standartiem, ka
ar1 meklet datubaze pieejamos atbilstosos procesus.

Saja apaksnodala analizéti divi scenariji: razotné izmanto tikai dabasgazi (1) vai izmanto
tikai bio-SNG (2). Abi minétie energoresursi salidzinati péc sekojosiem vides indikatoriem:
globala sasilSana (CO: emisijas), resursi (nepiecieSamais uzkratais materialu un uzkratais
energijas paterins, zemes izmanto$ana) un nodarbinatibas efekts. Bio-SNG apstrades/attirisanas
process, lai nodrosinatu gazes tiribu, nav nemts vera.

Izmantoti §adi GEMIS datubazes procesu dati:

- dabasgaze (pamatojoties uz zemako sadegsanas siltumu — LHV) un piegade no
"gas-mix-FI-2010", tas ir, 90 % dabasgazes importeé no Krievijas un 10 % no
Norvégijas, sajaukSanu veic Somija;

- bio-SNG raZota no Skeldas un koksnes atkritumiem, apstradata ievadei
dabasgazes caurulvada (LHV), process "pipeline\bio-SNG-wood-forest-DE-
2030", tas ir, biogaze raZzota Vacija un references gads ir 2030. gads.

Ta ka GEMIS datubaze nav pieejami dati par Latvija importeto dabasgazi, tad petijjuma
veikSanai izmantoti dzives cikla dati par Somija izmantotas dabasgazes maisijumu, jo gan
Latvija, gan Somija dabasgaze tiek importéta no Krievijas. Salidzinasanai ar dabasgazi,
izmantoti dati par Vacija razotu bio-SNG. Abu energoresursu procesu k&des paraditas
2.1. attéla.

Energoresursi salidzinati péc sadiem ietekmes uz vidi faktoriem:

- siltumnicas efektu izraisosas gazes: CO: ekvivalents un atseviski art CO:2

emisijas — svarigi raditdji, kas raksturo kurinama parveidoSanas radito ietekmi
uz vidi;
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- kumulétas energijas apjoms: parada cik daudz energijas ir ietverts 1TJ kurinama;

- kumuléto materialu apjoms: parada produkta (Saja gadijuma energoresursa)
kopgjo dzives cikla laika patéréto materialu daudzumu;

- zemes izmantoSana: faktors, kas raksturo noteikta apjoma energijas sarazos$anai
nepiecieSsamo zemes platibu;

- kopgja ietekme uz iedzivotaju nodarbinatibu: ietekme, ko katrs energoresurss
rada uz nodarbinatibu.

Dabasgaze

Dabasgazes
iegtsSana
(Sibrrija)

Dabasgazes
apstrade

Augsta
spiediena
caurulvads

Dabasgazes
sajaukSana

Gazes turbina

Gazes katls

Elektroenergijas razo$ana

Gazes turbina gazes
kompresoru stacijai

Augstspiediena caurulvads
dabasgazes transportam
Norvégija

Biomasas
atkritumi

Koksnes
atkritumi

TransportéSana
(kravas furgons)

Smalcinatajs
Skelda

TransportéSana
(kravas furgons)

Gazifikators
Bio-SNG

Augsta

Dizelmotors

Elektroenergijas
maisijuma veidoSana

Gazes turbina gazes
kompresoru stacijai

spiediena
caurulvads

Dabasgaze (Somija)
Biometans

(a) (b)
2.1. attels. Dabasgazes (a) un bio-SNG (b) procesu k&de, [52].

GEMIS lauj siltumnicas efektu radoSo gazu emisijas, izmantojot to globalas sasilSanas
potencialu (GWP — global warming potential), parrékinat ekvivalenta CO2 daudzuma. Tadgjadi
dazadas siltumnicas efektu radoSo gazu emisijas var summet un izteikt kopgja CO: ekvivalenta.
Visi GEMIS pieejamie GWP ir attiecinati uz masu, tas ir, parada 1 kg CO: radito relativo
siltumnicas efektu. Uzkratais nepiecieSamas energijas daudzums ir raditajs, kas raksturo kop&jo
energoresursu (primaras energijas) daudzumu, kas nepiecieSsams produkta vai pakalpojuma
nodros§inasanai. Uzkratais nepiecieSsamo materialu daudzums ir kvantitativs raditajs, kas
raksturo kop€jo izejmateridlu daudzumu, kas nepiecieSams produkta vai pakalpojuma
nodrosinasanai. Ar terminu "citi uzkratie nepiecieSamie materiali" aprékinos saprot sekundaros
resursus, pieméram, atkritumus, razoSanas atlikumus, kurus iesp&jams atkartoti izmantot, u. c.
Zemes izmantoSana ir platiba, kuru ietekm& procesa nodrosinasana. Bet aprékina un nosaka
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ikgad€jo zemes izmantoSanas platibu, tas ir, procesa dzives laiks netiek nemts véra. Ar GEMIS
ir iesp&jams ar1 aprékinat tieSo un netieSo nodarbinatibas efektu, ka ar1 iesp&jamo abu efektu
summu. TieSo nodarbinatibas efektu izsaka darbavietu skaita, kas nepiecieSams energosistému
apkalposanai un ar to saistitiem procesiem. Informacija par darbavietam ir ieklauta GEMIS
datubazé ka dala no procesa apraksta. NetieSo nodarbinatibas efektu aprékina nemot véra
investicijas, darbibas un uzturéSanas izmaksam, izmantojot katrai valstij specifiskas uzskaites
un aprékinu tabulas [55].

Ietekme uz vidi, ko rada 1 tonnas keramikas kiegelu razoSana Latvija, apkopota
2.1. tabula. letekmes uz vidi salidzinajums, dabasgazi aizstajot ar bio-SNG, pienemot, ka
scenarijs "100 % dabasgazes izmantoSana" ir atsauces scenarijs ar nulles vértibu, paradits
2.2. attela.

2.1. tabula
Ietekmes uz vidi rezultati vienai tonnai Latvija razotu keramikas biivmaterialu

Dabasgaze Bio-SNG

Siltumnicas efektu izraisosas gazes [kg]:

— CO2 ekvivalents 33,92 7,71

- CO2 17,47 7,31
Uzkratais nepiecieSamas energijas daudzums [GJ] 2,34 3,06
Taja skaita:

— neatjaunojamie 2,34 0,10

— atjaunojamie 0 2,97
Uzkratais nepiecieSamo materialu daudzums [kg] 10,28 9,73
Taja skaita:

— neatjaunojamie 1,48 9,36

— atjaunojamie 8,57 9,82

—citi 0,24 0,55
Zemes izmantoSana [m?] 0,01 0,56
Kopgjais nodarbinatibas efekts [personas] 607(107%) 989(1077)

Viens no svarigakajiem kritérijiem no vides aizsardzibas viedokla ir siltumnicas efektu
radoso gazu emisijas un $aja zina sliktaka alternativa ir dabasgazes izmantoSana. Salidzinot ar
bio-SNG izmantoSanu, dabasgaze rada par ~23 % vairak COz ekvivalenta un par ~42 % vairak
COz2 emisiju. L1dz ar to dabasgazes aizstaSana ar bio-SNG ir atbalstama no globalas sasilSanas
viedokla.

Kopégjais uzkratais dzives cikla laika nepiecieSamais energijas daudzums dabasgazes
izmantoSanas gadijuma ir par ~24 % mazaks neka bio-SNG izmantoSanas gadijuma. Tomeér
janem vera, ka pretstata dabasgazei, kas ir neatjaunojamais energoresurss, bio-SNG galvenokart
(tas ir ~97 %) satur atjaunojamos energoresursus.

Attieciba uz kop€jo dzives cikla laika uzkrato materialu paterinu, bio-SNG scenarijs rada par
~74 % lielaku ietekmi uz vidi neka dabasgaze. Tas skaidrojams ar lielaku nepiecieSamo
neatjaunojamo materialu patérinu bio-SNG iekartu razoSanas un uzstadiSanas laika.
Dabasgazes izmantoSanas scendrija gadijuma ~14 % no kop€jiem nepiecieSamajiem
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materialiem ir neatjaunojamie materiali un ~83 % ir atjaunojamie, bet bio-SNG gadijuma
proporcija ir attiecigi ~24 % un ~75 %.

Kumulativais materialu
daudzums [kg]

30
20 Kopéjais
nodarbinatibas efekts
[personas(10%)]
10

Kumulativais energijas
daudzums [GJ]

Zemes platibas [m?]

CO, emisijas [kg]

CO, ekvivalents [kg]

2.2. att€ls. Scenariju analizes rezultati dabasgazi aizstajot ar bio-SNG. Uz Y ass
paradits ietekmes uz vidi salidzinajums pret scenariju "100 % dabasgazes izmantoSana",
kas ir atsauces scenarijs ar nulles vértibu

Bio-SNG izmantoSanas gadijuma ir nepiecieSama aptuveni 60 reizu lielaka zemes
platiba, lai nodroSinatu noteiktu energijas apjomu, neka dabasgazes izmantoSanas gadijuma.

Kopégjais nodarbinatibas efekts bio-SNG izmantoSanas gadijuma ir aptuveni 163 reizes
lielaks neka dabasgazes izmantoSanas gadijuma. To var uzskatit par pozitivu raditaju, Ipasi
ekonomiskas krizes un augsta bezdarba limena situacija.

Rezultati liecina, ka, rlpnieciskai razoSanai izv€loties energoresursu, vertéSanai, lai
raksturotu ietekmi uz vidi, var izmantot kriterijus, kuru pamata ir dzives cikla laika uzkratais
energijas un materialu apjoms, ka ari CO2 emisijas.

Var secinat, ka bio-SNG, ja to ka kurinamo izmanto ripnieciba, salidzinot ar dabasgazes
izmantoSanu ir priekSrocibas globalas sasil$anas potenciala, kumulativa energijas patérina un
nodarbinatibas zina, bet ka trikumi ir minami lielaks kumulativais materialu pat€rin$ un
nepiecieSamas zemes platibas.

Apsverot dabasgazes aizstasanu ar alternativajiem energoresursiem, razotajam, papildus
ietekmes uz vidi novértésanai, ir janem vera un jaapzinas nepiecieSamas tehnologiju izmainas.
Tapéc dabasgazes aizstaSana ar bio-SNG varétu uzskatit par €rtu risinajumu, jo ir nepiecieSamas
minimalas tehnologiskas izmainas energoresursu izmantojosas tehnologijas.

Lai rastu vispiemérotako risinajumu dabasgazes aizstasanai, jaanaliz€ un jasalidzina citu
energoresursu, pieméram, biometana, pirmas un otras paaudzes biodegvielu vides sniegums,
izmantojot arT citas datubazes un dzives cikla ietekmes novertésanas metodes.

2.2. Dzives cikla analize kiegelu raZo§anas posmam,
kura izmanto dazadus atjaunojamos energoresursus

Saja apaksnodala ir analizéts, ka mainas ietekme uz vidi, ja razo$ana tiek varigti
izmantotie energoresursi, tas ir, kurinamais siltuma nodrosinasanai un dazadi elektroenergijas
avoti. Galvenais mérkis bija raksturot biivmateriala razoSanas posma ("'no Stipula lidz vartiem")
ietekmi uz vidi (1), ka arT novertét ietekmes uz vidi izmainas kurinama nomainas un dazadu
elektroenergijas avotu izmantoSanas gadijuma (2). Iegttie rezultati galvenokart izmantojami
ekodizaina ievieSanai razoSanas nozar€, kura ka kurinamo izmanto dabasgazi, ka art ietekmes
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uz vidi samazina$anai. Saja apak$nodala aprakstitais turpina ieprieks publicétos pétijumus [32,
53, 56], kuros raksturota buivmaterialu ietekme uz vidi ekodizaina vajadzibam (1. nodala),
analizeti vides aspekti, dabasgazi aizstajot ar bio-SNG (2.1. apakSnodala) un veikta dzives cikla
analize biometana razoSanas un piegades sisteémai (aprakstits 3. nodald), izvertgjot vairakas
kurinama alternativas razosSanas vajadzibam un izmantojot DCA metodiku ar ReCiPe ietekmes
novertéjuma metodi.

2.2.1. Meérka un jomas definéSana, funkcionala vieniba, references plisma, sistémas
robezas un dzives cikla inventarizacija

Petijuma meérkis ir noverteét izmainas ietekmé uz vidi, ja raZoSanas procesa izmantoto
dabasgazi aizstaj ar biometanu vai biodegvielam. Papildus analizéta un noveértéta ari dazadu
elektroenergijas avotu ietekme uz vidi.

Saja pétijuma posma, tapat ka ieprieks, funkcionala vieniba un references pliisma ir
viena tonna kiegelu. P&tijuma aplikota sist€ma, ietverot galvenas sist€ma ieejosas un izejosas
plismas, paraditas 1.1. un 1.2. att€la. Ripnicas biivnieciba Saja petijuma netiek izvertéta.
Dzives cikla inventarizacijas dati ir aprakstiti 1.2. nodala.

2.2.2. Dzives cikla ietekmju novertéejuma metodika un ietekmju veidi

Lai modelétu un analiz€tu produkta dzives cikla razoSanas posma ietekmi uz vidi,
izmantota DCA programmatiira "SimaPro 8.1." (Faculty version) [20, 21] un $adas datubazes:
Ecolnvent (v2.2), European Life Cycle Database (ELCD v2.0) un U.S. Life Cycle Inventory
(USLCI). Saja pétijuma datubazes izvéléti un aprekinos izmantoti tikai sistémprocesi.

Razosanas procesu "no Siipula l1dz vartiem" vides novertéjuma raksturojums tika veikts
gan viduspunktu ietekmes kategoriju [imeni, gan aprékinot ietekmes uz vidi indikatoru,
izmantojot ReCiPe novertéjuma metodi.

Kaut ari, lai novertétu potencialo kait€jumu videi, metodei ir izveidotas tris dazadas
kulttras perspektivas (aprakstitas 1. nodala): individualista, egalitarista un hierarhista [20], Saja
apaksnodala ir izmantota tikai viena — hierarhista (H) — perspektiva, kas ir aprakstita [22-25]
ka perspektiva, kas vidi uztver ka lidzsvarotu vertibu. Hierarhisti uz radito ietekmi uz vidi
raugas ilgtermina (ReCiPe metode pienemtais laika periods ir 100 gadi) un uzskata, ka ietekmes
var noverst ar atbilstosu pasakumu kopu. Hierarhista perspektiva nereti tiek uzskatita ka pamata
(noklus€juma) modelis. Nemot véra ari to, ka 1. nodala iegiitie un aprakstitie rezultati visam
trim kultiras perspektivam savstarpgji bija saméra Iidzigi, 1idz ar to $aja p&tijuma posma ir
izvéleta un izmantota tikai Europe ReCiPe H/A [22] noveértejuma metodika. "H" norada, ka
rezultatu svérSanas posma tiek izmantota hierarhista perspektiva. "A" attiecinams uz vid&jiem
(average) raditajiem un ir metodes izstradataju rekomend@ta sverSanas pieeja.

Talakai analizei tika izv€l€tas un rezultatu izvert€juma ieklautas tikai tas ietekmes
kategorijas, kas rada vismaz 2 % no kopgjas ietekmes uz vidi. Lidz ar to izvertétas Sadas
septinas ReCiPe metodes ietekmju kategorijas: (1) fosilo resursu noplicinasana, (2 un 3) klimata
izmainas, kas ietekmé gan cilvéku veselibu, gan ekosistémas, (4) cieto dalinu veidoSanas, (5)
toksiskums, (6) lauksaimniecibas zemju izmantosana un (7) augsnes ekotoksiskums.

2.2.3. Datu avoti un veidi

P&tfjuma izmantoti ripnicas viena gada darbibas dati, kas iegtti, apmeklgjot razotni, un
dati, kas publicéti raZotnei izsniegtaja piesarnojoSas darbibas atlauja [18]. Galvenie
inventarizacijas rezultati paraditi 1.2. attéla.

Produkta dzives cikla ietekme uz vidi ir atkariga no izmantotajiem elektroenergijas
avotiem, kuri savukart ir atkarigi no elektribas tirgus apstakliem. Tadg] petijuma posma sakuma
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dala, lai noskaidrotu to, ka izvéletie elektroenergijas avoti maina potencialo ietekmi uz vidi,
tika izverteti divi elektroenergijas avotu kombinaciju varianti, kas turpmak apziméti ka
scenarijs "A" un "B" (skat. 2.3.att€lu). Kad ziemas perioda elektribas cenas "NordPool" tirgi ir
relativi augstas, iekSzemes dabasgazes kogeneracijas stacijas ir konkurétsp&jigas ar elektribas
cenam tirgll un ir pienemts, ka nodrosina aptuveni 40 % no kopgja ikgadgja elektroenergijas
patérina (scenarijs "A"). Vel ir pienemts, ka 40 % no kopgja ikgadgja elektroenergijas paterina
sarazo iekS§zemes hidroelektrostacijas un par€jie 20 % ir importéta elektroenergija. Tomér, ja
tirgus elektroenergijas cenas ir zemakas, tad ir pienemts, ka iek§zemes siltumapgadi nodrosina
vienigi ar Tdenssildamajiem katliem un kogeneracijas stacijas sarazotas elektribas dala
samazinas par 20 %, savukart importétas elektroenergijas dala palielinas 1idz 30 % (scenarijs
"B"), attiecigi atliku$o elektroenergijas dalu nodrosina hidroelektrostacijas.
Liela dala iepirktas elektroenergijas Latvija tiek importéta no Igaunijas, tapéc pétijuma tika
pienemts, ka 90 % no elektroenergijas importa veido Igaunijas Narvas elektrostacijas razota
elektroenergija un 10% piegada pargjas Ziemelvalstis. Galvenais energoresurss
elektroenergijas razo$anai Igaunija ir degslaneklis, kuru sadedzinot kopuma Narvas
spekstacijas iegist aptuveni 90 % no visas saraZotas elektroenergijas [57]. Saja pétijuma
posma, lai novértetu radito ietekmi uz vidi, degslaneklis tika aizstats ar lignitu/briinoglém un
pienemts, ka Ziemelvalstis elektroenergijas razosanai izmanto hidroelektrostacijas. Ir pamats
pienemt, ka zemas elektribas cenas tirgus apstaklos (2.3. att€la scenarijs "B") lielu dalu no
kopgja patérina apjoma nodroSina hidroelektrostacijas, jo zemas elektroenergijas cenas ir
raksturigas apstakliem, kad elektroenergijas izstrade augsts patsvars ir hidroelektrostacijam.
Noluka analizet produkta dzives cikla ietekmi uz vidi atkariba no izmantota kurinama,
tika izstradati cetri dazadi kurinama scenariji, kas attiecigi apziméeti ka "DG", "BM", "BD1" un
"BD2" (skat. 2.3.att€lu). Scenarijs "DG" attiecinams uz pasreizgjo situaciju, kura apdedzinasa-
nas krasnis izmanto dabasgazi. Scenarijs "BM" attiecinams uz situaciju, ja dabasgazi aizstaj ar
biometanu. Attiecigi pirmas un otras paaudzes biodegvielas izmantoSana razoSanas procesa ir
apziméta ka "BD1" un "BD2" scenarijs. Biodegvielu razotnu btivniecibas laika radita ietekme
uz vidi $aja petijuma nav ieklauta un nav izvertéta.
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2.3. attels. Scenariju shematisks att€lojums. DG — dabasgaze; BM — biometans; BD1 —
pirmas paaudzes biodegviela; BD2 — otras paaudzes biodegviela; A un B — elektroenergijas
avotu kombinaciju varianti.

Biometans ir atjaunojams energoresurss, ko izmanto ka dabasgazes aizstaj&ju, tade] tas

ir izvelets Saja pétijuma. Biometanu iegist organiskajiem atkritumiem un parpalikumiem
(pieméram, dzivnieku méslus, notekiidenu diinas, organiskos atkritumus u. c.) sadaloties
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anaerobos apstaklos. Biometans tiek uzskatits par dzivotsp&jigako atjaunojamo dabasgazes
aizstajeju [58], jo péc attiriSanas no piemaisijumiem, biometanu ir iesp&jams izmantot ka
dabasgazi, ievadot to jau eksist€joSaja un labi attistitaja dabasgazes infrastrukttira. Biogazi,
nemot vera tas pietieckami augsto vidéjo sadegSanas siltumu (21 MJ/m® ar 60 % metana tas
sastava), ir iesp&jams izmantot ar1 ka kurinamo biivmaterialu apdedzinasanas procesa [51], bet,
ta ka biogazi bez attiriSanas nevar ievadit dabasgazes tikla, to nevar arT uzskatit par tieSu
dabasgazes aizstaj&ju, kameér biogazes kvalitate nav uzlabota lidz dabasgazes kvalitatei.

RapSu metilesteris tika izvelets ka pirmas paaudzes biodegviela (scenarijs "BD1") un ka
otras paaudzes biodegviela (scenarijs "BD2") izveleti partikas riipnieciba izmantotas augu ellas
atkritumi. Dati par §$Tm degvielam, kas nepiecieSami dzives cikla ietekmes novertésanai, iegtti
datorprogramma "SimaPro 8.1" pieejamajas datubazes. Lai aprékinatu kiegelu apdedzinasanas
procesa nepiecieSamos degvielas daudzumus, tika pienemts, ka zemakais sadegSanas siltums
abam biodegvielam ir 37,27 MJ/kg.

Dabasgaze tiek izmantota razoSanas procesu nodroSinaSanai (galvenokart keramisko
bivmaterialu apdedzinasanai) un aptuveni 11 % tiek izmantoti siltuma nodrosinasanai. No ta
var secinat, ka dabasgazes patérin$, ka arT emisijas gaisa ir saistitas tikai ar attiecigo razoSanas
posmu. Savukart cita razoSanas posma (malu apstrades posma) tiek pateréts visvairak
elektroenergijas, tadél pienemts, ka Saja razoSanas stadija patéré ~40 % no kopgja
elektroenergijas patérina, ~25 % elektroenergijas patéré gan zavesanas, gan apdedzinasanas
posma, bet ~5 % elektroenergijas izmanto kiegelu formésanas un iepakoSanas posma.

2.2.4. Rezultati un diskusija

Rezultati, kas iegiiti, ar ReCiPe metodi analiz€jot "A" un "B" scenariju (dazadu
elektroenergijas avotu ietekmi uz vidi), ir attiecigi 13,8 mPt/MJ un 13 mPt/MJ. "A" scenarija
rezultati un ELCD datubazé [20] pieejamie indikatori Latvijas vid€ja sprieguma
elektroenergijas avotam ir gandriz vienadi. Ja scenarija "A" vieta tiek izmantots
elektroenergijas "B" scenarijs, funkcionalas vienibas ietekme uz vidi, kas ir izteikta skaitliski,
samazinas tikai par ~0,6 %. Sadas abu scenariju atskiribas ir nenozimigas, tapéc turpmakajos
aprékinos izvelets un izmantots tikai "A" elektroenergijas scenarijs.

Ietekmes uz vidi novértgjums vienas tonnas keramikas celtniecibas biivmateriala
sarazoSanai, norada, ka lielaka dala vides ietekmes visiem scenarijiem ir saistita ar razoSanas
procesa izmantoto kurinamo un elektroenergiju (skat. 2.2. tabulu). Ietekme, ko rada malu
ieglisana, un produkta iepakoSanas materiali (polietilena pléve, koksnes paletes), ir mazak
nozimiga un to radita ietekme savstarpg&ji DG un BDI, ka arTt BM un BD2 scenarijos ir
salidzinosi lidziga (skat. 2.2. tabulu).

2.2. tabula
RazoSanas procesu radita ietekmes uz vidi Tpatsvars funkcionalajai vienibai, %
Scenarijs DG BM BD1 BD2
Kurinamais 84 68 92 62
Elektroenergija 11 21 6 26
Malu iegiiSana 1 2 0 2
IepakoSana 4 9 2 10

Ja dabasgazi aizstaj ar biometanu (scenarijs "BM"), kopgja ietekme uz vidi samazinas
par ~48 % (2.4. attels). Ja dabasgazes vieta tiek izmantota otras paaudzes biodegviela (scenarijs
"BD2"), ietekme uz vidi attiecigi samazinas par ~56 %. Bet, izmantojot pirmas paaudzes
biodegvielu (scenarijs "BD1"), ietekme uz vidi ir daudzkart lielaka, t. 1., ietekme uz vidi
palielinas par ~97 %, salidzinot ar dabasgazes izmantoSanas scenariju. letekmes uz vidi
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pieaugums, iesp&jams, ir saistits un skaidrojams galvenokart ar rapSu audz€Sanas laika radito
ietekmi uz vidi, izmantojot lauksaimniecibas zemes un mineralméslus.

1 31,3
I m Citas ietekmes kategorijas
28 .
Augsnes ekotoksiskums
24
Aramzemju aiznemsana
20
Toksiskums
15,8
16
Pt Cieto dalinu veidoSanas
12
8,3 - m Klimata izmainas (ekosisteémas)
8 6,9
- Klimata izmainas (cilv. veseliba)
4 .
m Fosilo resursu noplicinasana
0 I 1
DG BM BD1 BD2
Scenarijs

2.4. attels. Kumulétie ietekmes uz vidi indikatori funkcionalajai vienibai, kas iegiiti ar
ReCiPe novértéjuma metodi dazadiem izmantotajiem kurinamajiem. "DG" — dabasgaze;
"BM" — biometans "BD1" — pirmas paaudzes biodegviela; "BD2" — otras paaudzes
biodegviela.

Salidzinot scenarija "DG" rezultatus ar Ecolnvent (v2.2) datubazes kiegelu razoSanas
procesa datiem, var secinat, ka keramikas celtniecibas materialu razosana Latvija, izmantojot
dabasgazi ka kurinamo, rada par ~19 % mazaku ietekmi uz vidi. ST atikiriba varétu biit
skaidrojama ar dazadiem kurinama patérina datiem. Ka zinams, kiegeli, kurus var izmantot
dazadiem mérkiem, biis atSkirigi ar1 péc sastava, izmantotajam izejvielam, pievienoto izdegosSo
piedevu daudzuma, izvirzitajam kvalitates prasibam, ka arT masas, izméra, u. ¢. parametriem.
Lidz ar to atSkirsies ar1 apdedzinaSanas temperatiiras, apdedzinasanas ilgums un kurinama
paterins.

Scenarija "DG" (kurinamais ir dabasgaze) un "BM" (kurinamais ir biometans) gadijjuma
vislielaka ietekme uz vidi rodas fosilo resursu noplicinasanas un klimata parmainu viduspunktu
ietekmes kategorijas (skat. 2.4.att€lu). Scenarija "BM" gadijuma §is ietekmes kategorijas ir
viscies$ak saistitas ar fosila kurinama izmanto$anu biogazes razoSanas un attiriSanas procesa.
Scenarija "BD1" rezultati atSkiras no diviem ieprieks aprakstitajiem scenarijiem ar to, ka lielaka
ietekme uz vidi veidojas kategorijas, kas saistitas ar lauksaimniecibas zemju izmantoSanu un
augsnes ekotoksiskumu (attiecigi ~32 % un ~23 % no kopgjas ietekmes 1patsvara) (skat.
2.4 attelu). Ss ietekmes kategorijas ir attiecinamas uz augsnes kultivésanu, sé$anu un nezalu
kontroli, mésloSanu, patogénu un kaite€klu kontroli, razas ievakSanas, zavéSanas un graudu
uzglabasanas prasibam, kas janodro$ina pirmas paaudzes biodegvielas razoSanas vajadzibam.
Scenarija "BD2"gadijuma lielaka ietekme uz vidi rodas divas kategorijas — lauksaimniecibas
zemju noslodze un fosilo resursu noplicinasana (abas kategorijas ~27 % no kopgjas ietekmes
uz vidi) (skat. 2.4. att€lu). letekme uz vidi Sajas kategorijas ir saistama ar fosila kurinama
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izmantoSanu augu ellas esterifikacijai par metilesteri un glicerinu, ka ar1 ar lauksaimniecibas
procesiem, lai ieglitu graudus, kas nepiecieSami augu ellas razoSanai.

100%
90%
80%
70%
60%
50% — ———  mEkosistémas

40% Veseliba

30% -
20% -
10% -

H Resursi

0% -

DG BM BDI BD2
Scenarijs

2.5. attéls. Dazados kurinama alternativu scenarijos radita slodze uz vidi beigu punktu
kait€juma kategorijas.

Izvertgjot dazados kurinama alternativu scenarijos radito slodzi uz vidi beigu punktu
kait§juma kategorijas (skat. 2.5. att€lu), var secinat, ka resursu izmantoSanas kategorija
visvairak tiek ietekmé&ta dabasgazes izmantoSanas gadijuma (~49 %), biometana un otras
paaudzes biodegvielas izmantoSanas gadijuma $aja kategorija radita slodze ir mazaka (attiecigi
~26 % un 27 %), bet pirmas paaudzes biodegvielas izmantoSanas gadijuma slodze ir ~14 %.
Vislielaka ietekme veselibai nodarita kait€juma kategorija ir biometana izmantoSanas scenarija
(~48 %), dabasgazes izmantoSanas gadijuma ietekme ir ~32 %, otras paaudzes biodegvielas
scenarija ~28 %, bet vismazaka ietekme S$aja beigu punktu kait€juma kategorija tiek radita
pirmas paaudzes biodegvielas izmantoSanas gadijuma. Savukart ekosisttmu beigu punktu
kaitejuma kategorija vislielako slodzi (~66 %) rada pirmas paaudzes biodegvielas izmantoSana
un otras paaudzes biodegvielas izmantosana (~45 %). Biometana izmantoSanas gadijuma Saja
kait€juma kategorija radita slodze ir ~26 %, bet vismazak $1 kategorija tiek ietekméta (~19 %)
scenarija, kad ka kurinamo izmanto dabasgazi.

2.2.5. Secinajumi

P&tijuma rezultati norada, ka visnozimigakais ietekmes uz vidi samazinajums vérojams,
ja razoSana, neveicot krasns deglu pieméroSanu, dabasgazi aizstatu ar biometanu. Nakama
labaka alternativa no ietekmes uz vidi skatupunkta ir otras paaudzes biodegvielas izmantoSana,
bet §ada gadijuma ir nepiecieSama krasns deglu pieméroSana. Vislielako negativo ietekmi uz
vidi rada pirmas paaudzes biodegvielas izmantoSana, daudzkart parsniedzot scenarija, kura ka
kurinamo izmanto dabasgazi, ietekmes uz vidi rezultatus. Ievérojama ietekme uz vidi Saja
gadijuma varetu but skaidrojama ar augsnes izmantoSanu un lauksaimniecibas aktivitatém,
t. sk., mineralméslu izmanto$anu. Elektroenergijas avotu izvélei, nemot véra elektroenergijas
tirgus apstaklus, nav biitiskas nozimes un ietekmes uz kop€jo razosanas procesa radito ietekmi
uz vidi: funkcionalas vienibas ietekme uz vidi samazinas tikai par ~0,6 %.
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Industrijas apgadei ar biometanu var izmantot esoSo dabasgazes apgades infrastruktiiru.
Ir nepiecieSsams veikt noverte§jumu alternativam biometana razoSanas un piegades sist€émam,
izmantojot dabasgazes apgades tiklu, analiz€jot tehniskos, ekonomiskos un ietekmes uz vidi
krit€rijus, lai atrastu piem@rotakos risinajumus.
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3. BIOMETANA RAZOSANAS UN PIEGADES SISTEMAS,
IZMANTOJOT DABASGAZES INFRASTRUKTURU, DZIVES CIKLA
UN TEHNISKI EKONOMISKAIS NOVERTEJUMS

Latvija biogazes razotnes parsvara ir decentralizétas un atrodas relativi talu no lieliem
siltuma paterétajiem, lidz ar to tam nav pietickamas siltuma slodzes, lai stradatu efektiva
kogeneracijas rezima. Alternativa salidzino$i neefektivai energijas razoSanai bitu attiritas
biogazes jeb biometana razosana. Biometans, atSkiriba no v&ja energijas, ir labi parvaldams
energoresurss, ko var uzglabat, izplatit un izmantot tada pasa veida ka dabasgazi. Péc biogazes
attiriSanas lidz dabasgazes kvalitatei, biometanu var ievadit dabasgazes tikla un, izmantojot
esosSo labi attistito infrastruktiru, piegadat patérétajiem. Tapéc biometans ir atzits ka viens no
svarigakajiem un visdzivotspgjigakajiem atjaunojamajiem resursiem dabasgazes aizstaSanai
[58].

Pedgjos gados biogazes razosana ir ieguvusi biitisku nozimi [59]. Biogaze, kas raZota
decentraliz€tas stacijas, attirita lidz dabasgazes kvalitatei un ievadita dabasgazes tikla, var
nodro§inat ievérojamu atjaunojamo energoresursu (AER) Tpatsvara palielinasanu sisteémas [60],
kuras ka kurinamo izmanto dabasgazi. Tad€jadi var mazinat siltumnicas efektu izraisoSo gazu
(SEQG) emisijas, kas savukart veicina ilgtsp&jigu energoapgadi [61]. Tas var but arT lidzeklis
globalas sasilSanas, energoapgades droSibas un atkritumu apsaimniekoSanas problemu
mazinasanai [62, 63]. AER izmantoSana ir svariga energijas atkaribas no importétiem resursiem
samazinasanai, un ta ir arT dala no Eiropas Savienibas (ES) izvirzitajiem mérkiem, 1idz ar to
saistoSa arl Latvijai [64]. Latvija ir apnémusies lidz 2020. gadam palielinat AER 1patsvaru
energijas galapatérina lidz 40 % [65] un biometana razoSana var palidz&t sasniegt So mérki.

Biogazi var izmantot tas razosSanas vieta, kogeneracijas stacijas (CHP) vai arT to var
attirit, ieglistot biometanu, un izmantot ka transportlidzeklu degvielu vai energijas razoSanai
[66, 67]. Lietojot biogazi tas razoSanas vieta tikai elektroenergijas razoSanai (piem&ram, ja ir
nepietickama siltumenergijas slodze), efektivi tiek izmantoti tikai 30-35 % no biogazes
energijas. Bet, ja biogaze tiek ievadita un transportéta, izmantojot dabasgazes caurulvadu
sistému, un tad lietota ka kurinamais CHP ar augstu lietderibas koeficientu, vai modernajos
majas apkures katlos, tad efektivi tiek izmantoti vairak neka 90 % no biogazes energijas [61].
Pateicoties biometana ievadiSanai dabasgazes tikla, no atjaunojama energoresursa razoto
siltumenergiju ir iesp&jams ievadit arT centralizétajas siltumapgades sistémas [61]. Nemot véra
to, ka vairak neka 70 % no majokliem un daudzdzivoklu majam Riga [68] un citas Latvijas
pilsétas ir pievienotas centralizétajai siltumapgades sist€mai, biometana ievadiSana dabasgazes
tikla lauj biogazes razotajiem pieklut daudz plasakam tirgum neka tad, ja biogaze tiek pardota
un lietota lokali [61]. Kaut arT Eiropa biogazes attiriSanas staciju skaits katru gadu palielinas
[59], Latvija nav nevienas biogazes attiriSanas stacijas. Biometanu (tira veida vai maisijuma ar
dabasgazi) izmanto ka transportlidzeklu degvielu 12 Eiropas valstis. To izmanto ar1 apkuré vai
nu tira veida, vai sajauktu ar dabasgazi [60].

Pasreizgjos tirgus apstaklos biometans vél nevar konkurét ar dabasgazi pardoSanas
cenas zina [60, 64, 65]. Tapéc tiek veikti petijumi, lai salidzinatu biogazes attiriSanas
tehnologijas [61, 68, 69], ka ari, lai atrastu ekonomiski izdevigako un tehniski piemé&rotako
izmantoSanas veidu, nemot veéra ari ietekmes uz vidi aspektus, biogazes vai biometana
izmantoSanu [70-74], tostarp ievadiSanu tikla un izplatiSanu [62, 63, 75, 76], vai biogazes
razotnu integréSanu ripnieciba [51, 77]. P&tijumi par biometana razotnu tehnisko un
ekonomisko potencialu un ievadiSanu dabasgazes tikla ir veikti arT Latvija [56, 78, 79].

Saja nodala aprakstiti rezultati, kas iegiiti, veicot dzives cikla analizi biometana piegadei
ripnieciskajiem patérétajiem, izmantojot dabasgazes infrastruktiiru, lai novertétu biometana
transportéSanas ietekmi uz vidi. Nodala aprakstiti arT rezultati petijumam, kura noteiktas
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razoSanas izmaksas biometanam, kuru razo decentraliz€tas biogazes razotn€s un ievada
dabasgazes tikla.

Analizeta sist€éma ietver biometana razoSanu un transportu, ietverot piesléguma
infrastruktiiras izbiivi, [idz dabasgazes tiklam. Kopgjas razoSanas izmaksas ir noteiktas tris
dazadiem biometana razoSanas scenarijiem un piecam biogazes attiriSanas metodeém.
Funkcionala vieniba ir 1 MWh biometana, kas ievadita dabasgazes tikla. Lai raksturotu dzives
cikla laika radito ietekmi uz vidi, analiz€amajai sist€mai, izmantojot "SimaPro &8.1"
datorprogrammu, tika izveidots dzives cikla modelis, kas analiz&ts ar ReCiPe metodi.

Latvijas biogazes staciju un dabasgazes piegades magistrala tikla kart€Sanai, un
attaluma no razotném lidz dabasgazes tiklam novértéSanai ir izmantota geografiskas
informacijas sist€mas programma "ArcGis" ar "ArcMap" un "ArcCatalog" papildinajumiem
[80]. Programma izmantota attaluma noteikSanai no biogazes stacijas lidz tuvakajam
iesp€jamajam piesléguma punktam pie dabasgazes tikla. Lai demonstrétu Latvijas biogazes
staciju izvietojumu un katrai aprékinatu attdlumu Iidz dabasgazes tiklam, tika izveidoti
42 punktveida un Iinijveida objektu faili. Karte izstradata nemot vera izvietojuma datus, kas
publicéti dazados avotos un pétijumos [66, 81-83].

3.1. Dzives cikla analize

Ka tas ir aprakstits ieprieks€jas nodalas, apstrades riipniecibas nozarg vislielaka ietekme
uz vidi rodas tieSi dabasgazes izmantoSanas del [29-33, 53, 84]. Ka riipniecibas piemeérs
iepriek$€jas nodalas bija pétita biivmaterialu razoSanas nozare. Ir zinams, ka raZoSanas krasnis
var izmantot ne tikai dabasgazi, bet ari propanu, naftas produktus, skaidas, ogles vai $o
kurinamo kombinacijas [28, 29]. Tomeér, pateicoties tehnologiskajam inovacijam, S$os
kurinamos var veiksmigi aizstat ar atjaunojamajiem energoresursiem [29] un tadgjadi
ievérojami samazinat siltumnicas efektu izraisoSo gazu emisijas [11, 54]. Ka jau ieprieks
mingts, biometanu var izmantot dabasgazes vieta [85]. Tad€jadi izmantojot ar1 labi attistito
dabasgazes infrastruktiiru. Nemot véra biogazes pietickami augsto vid€jo sadegSanas siltumu
(21 MJ m™, ja metana saturs ir 60 %), ari to var izmantot razo$anas procesos ka kurinamo [51].
Tomér biometana, ka dabasgazes aizstaj€ja, izmantoSana lautu atjaunojamos energoresursus
ripnieciba izmantot daudz plasaka meroga, lidz ar to ir nepiecieSams pétijums, lai novértetu
biometana razoSanas un ievadiSanas tikla radito ietekmi uz vidi. P&tjjuma, kas veikts un
aprakstits Saja apaksSnodala, merkis ir veikt dzives cikla analizi biometana razoSanas un
piegades sist€mai, izmantojot pastavoso dabasgazes piegades tiklu. P&tljuma rezultatus var
izmantot energijas risindjumu alternativu salidzinajumam apstrades rtipnieciba.

Novertgjumam izveletas septinas biogazes stacijas, kas ir izvietotas vistuvak vienam no
brivi izvéletajiem riipniecibas uznémumiem Latvija. Petijuma izmantoti dati, kas ieklauti
biogazes stacijam izdotajas A kategorijas piesarnojosas darbibas atlaujas [86-92]. Biometana
raZzoSanas un transport€Sanas (no biometana razotnes lidz dabasgazes tiklam, izmantojot
piesléguma caurulvadu) laika raditas ietekmes uz vidi model€Sanai un novertésanai izmantota
DCA programma "SimaPro 8.1" [20] ar Ecolnvent (v2.2) datubazi. Saja pétijuma izmantoti
tikai tie sistémprocesi, kas ir vispiem&rotakie Latvijas apstakliem:

- Biometana razoSanas raksturoSanai izveéléts process "Methane, 96 %, from
biogas, at purification", kura ietverts elektroenergijas patérin$ un emisijas, kas
saistitas ar jelgazes saspieSanu, HaS attiriSanu, gazes pirmsapstradi un biogazes
bagatinasanu ar metanu. Ieklauti ir arT vispareji dati par izdevumiem, kas saistiti
ar infrastruktiiras uzturéSanu. Bioatkritumu razoSana nav ieklauta. Atsauces
razotne, kuras tehnologija ir aprakstita, darbojas Sveicg.
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- Biometana transportéSanas raksturoSanai izvélets process "Transport, natural
gas, pipeline, long distance". ST datu kopa raksturo energijas patérinu un raditas
emisijas, kas attiecas uz dabasgazes transport€Sanas vidéjiem datiem Eiropas
situacijai (dati doti uz 1 tonnkilometru). Emisiju un energijas patérina datu avots
ir Vacijas dati.

- "Pipeline, natural gas, low pressure distribution network" process tika izvelgets,
lai raksturotu biometana transporté$anai nepiecieSsamo infrastruktiru. ST datu
kopa raksturo zema spiediena (<0,1 bar) sadales tiklu Sveicé, kura kalpo$anas
laiks ir 40 gadi un gada transporté 30 TJ/km.

Sisteémas robezas ir ietverta bioatkritumu savakSana un transport€Sana lidz razotnei,
biometana razoSana un transports Iidz dabasgazes tiklam, ieklaujot transport€Sanai
nepiecieSsamo infrastruktiiru (skat. 3.1. att€lu). DCA veikta funkcionalajai vienibai 1| MWh
biometana energijas, kas ievadita dabasgazes tikla.

Vides ietekmes raksturojums veikts viduspunktu un beigu punktu ietekmes kategoriju
limeni, ka ar1 aprékinot ietekmes uz vidi kop€jo indikatoru. Lai pétijuma rezultati bitu
salidzinami ar iepriek§ veiktajiem p&tijumiem un bitu lietojami ekodizaina vajadzibam,
izmantota jaunaka no pieejamajam ietekmes uz vidi novértg§juma metodém. ReCiPe, ir
saskanotu indikatoru pieeja dzives cikla ietekmju noverté€Sanai un ietver saskanotus kategoriju
indikatorus viduspunktu un beigu punktu Iiment [49].

Petijuma izmantota Europe ReCiPe H/A metode [22, 93]. "H" norada, ka rezultatu
sverSanas posma tiek izmantota hierarhista perspektiva. "A" attiecinams uz vidgjiem (average)
raditajiem un ir metodes izstradataju rekomendeta sverSanas pieeja. ‘Hierarhista perspektiva’
izveleta, jo ta biezi tiek uzskatita par noklus€juma vertéSanas modeli [49] un aprakstita [24, 25]
ka perspektiva un pieeja, kas visas izmantotas vielas, ja tas viennozimigi rada kadu ietekmi,
verte ilgtermina.
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/ \ transports
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3.1. attels. Sistemas robezas ieklautie procesi.

42



3.1. tabula

Biogazes razoSana izmantoto bioatkritumu veids

Biogazes razotne Nr.1 Nr.2 Nr.3 Nr.4 Nr.5 Nr.6 Nr.7
Kiitsmésli v v v v v v v
Skabbariba, augi, to atkritumi v v v Y 4 v v
Kukurtuza v 4 v v _ v v
Graudi un/vai graudu milti v v v v v - v
Sukalas v _ _ v _ v v
Dzivnieku izcelsmes blakusprodukti v - — v - v 4

Rezultatu izvertejuma ieklautas tikai tas ietekmes kategorijas, kuru ietekme uz vidi ir
vismaz 2 % no kopéjas raditas ietekmes uz vidi. Sadiem kritérijiem atbilst piecas ReCiPe
metodes ietekmes kategorijas: klimata izmainas, kas ietekmé gan cilvéku veselibu (1), gan
ekosist€mas (2), fosilo resursu noplicinasana (3), cieto dalinu veidosanas (4) un toksiskums (5).

Tabula 3.1 un 3.2 apkopoti petijumam izveéleto biogazes razotnu, kas apzimétas ar Nr. 1
lidz Nr. 7, raksturlielumi. Darbiba esosSajas biogazes razotn€s ir uzstaditas elektroenergijas
raZzoSanas iekartas ar atSkirigam jaudam. Petjjuma, kas aprakstita Saja apakSnodala, tiek
noteikts, kada biitu ietekme uz vidi, ja sarazoto biogazi izmantotu nevis elektribas razoSanai,
bet to attiritu, iegiistot nepiecieSamas kvalitates biometanu, un ievaditu dabasgazes tikla.
Petijumam izvéletajas razotn€s biogazes iegiisanai izmanto dazadus bioatkritumus (skat.
3.1. tabulu). SaraZotas biogazes un iesp&€jamais biometana apjoms raZzotném ir atskirigs, jo
atSkiras arT to jaudas, ieejoso plismu daudzums un sastavs, ka ari citi faktori (skat. 3.2. tabulu).

Apréekiniem nepiecieSamie dati iegliti no biogazes stacijam izdotajam A kategorijas
piesarnojosas darbibas atlaujam [86—92] un agrak veiktajiem pétijumiem [81]. Aprekini labaka
biometana ievadiSanai dabasgazes tikla scenarija izvelei veikti, nemot véra katras stacijas
biometana razoS$anas jaudu un stacijas attalumu Iidz dabasgazes tiklam, kas noteikts ar ArcGis
[80] programmu.

3.2 tabula
Biogazes razotnu raksturlielumi

Biogazes razotne Nr.1 Nr.2 Nr.3 Nr.4 Nr.5 Nr.6 Nr.7
Bioatkritumu apjoms

[10°t g '] 54,50 54,50 13,07 16,50 21,40 40,00 24,90
Uzstadita elektriska jauda

[MW] 1,95 2,00 0,50 0,50 0,60 1,00 1,00
Iesp&jamais biometana iznakums

[GWh g'] 45,26 41,23 42,46 14,67 12,32 70,58 20,66
Attalums lidz dabasgazes tiklam

[km] 08 46 65 6,6 12,1 12,7 189
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10.38

10.40

10.20
10.07 10.07
10.10 10.02
10.00 597
9.90
9.80
9.70
9.60 . . , .
1 2 3 4 5

RazZotnes Nr.

Pt/MWh

3.2. attels. Izveletajas Latvijas biogazes stacijas sarazota biometana ietekme uz vidi,
Pt MWh.

Saskana ar veiktajiem aprékiniem, izmantojot Ecolnvent (v2.2) datubazi [49], ietekme
uz vidi funkcionalajai vienibai (1 MWh biometana energijas, ietverot infrastruktiiras radito
ietekmi uz vidi), kas sarazota stacija Nr. 1, ir 9,92 Pt MWh™!. Radita ietekme, palielinoties
attalumam Iidz dabasgazes tiklam, pieaug Iidz 10,38 Pt MWh! biometanam, kas saraZots
stacija Nr. 7 (skat. 3.2.att€lu). Salidzinajumam ir jamin, ka 1 MWh dabasgazes energijas
ietekme uz vidi ir 15,3 Pt MWh™'[20].

Analiz€jot biometana razoSanas, infrastruktiras (caurulvadu) un biometana
transport€Sanas radito ietekmi uz vidi, jasecina, ka gadijuma, ja raZotne atrodas nepilna
kilometra attaluma no dabasgazes tikla (raZzotne Nr. 1), tad biometana razoSana rada ~99,78 %
no kopgjas raditas ietekmes uz vidi, caurulvadi ~0,2 %, savukart biometana transportéSana rada
tikai ~0,004 % no kopgjas raditas ietekmes uz vidi. Ja raZotne atrodas gandriz 20 kilometru
attaluma no dabasgazes tikla (razotne Nr. 7), biometana razosana rada ~95,36 % no kopgjas
raditas ietekmes uz vidi, caurulvadi un biometana transportéSana rada attiecigi ~4,56 % un
~0,08 % no kopgjas raditas ietekmes uz vidi (skat. 3.3.att€lu). Lidz ar to var secinat, ka
biometana infrastruktiras un transportéSanas radita ictekme uz vidi, kas ietver energijas
patérinu un raditas emisijas, ir saméra neliela dala no kopgjas raditas ietekmes uz vidi gadijuma,
jarazotne ir tuvu dabasgazes tiklam, bet piecaug Iidz ar attalumu no ta. Pieméram, razotnei Nr. 1,
kas ir gazes tiklam vistuvak esosa razotne, infrastruktiiras un transportéSanas radita ietekme uz
vidi ir ~0,2 % no kopg€jas ietekmes uz vidi. Bet razotnei Nr. 7, kas ir izvietota vistalak no gazes
tikla no izv€l&tajam razotném, §1 ietekme ir ~4,6 %. P&tijuma tika aprékinats, ka infrastruktiiras
un transportéSanas ietekme var radit ~10 % no kop€jas biometana raZzoSanas un ievadiSanas
tikla ietekmes uz vidi, ja attalums no razotnes lidz tiklam ir ~45 km. Tomer — pat, ja §1 ietekme,
kas izteikta procentos, biitu mazaka vai lielaka atkariba no attaluma lidz dabasgazes tiklam — ir
jaatzist, ka gazes piegades infrastruktira ir sam&ra nozimigs faktors, kas noteikti biitu janem
vera, planojot un ierikojot energoapgades sist€émas. L1dz ar to, lai samazinatu iesp&jamo ietekmi
uz vidi, pirms jaunu biometana staciju biivniecibas sakSanas ir jacensas izvertet tas atraSanas
vieta, nemot véra attalumu lidz tuvakajam gazes caurulvadam, ka ar1 izvert€jot lokalo resursu
pieejamibu biometana razoSanai.
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3.3. attéls. Biometana razoSanas, infrastruktiiras un transport€sanas ietekmes sadalijums
izveletajas Latvijas biogazes stacijas.
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3.4. attels. Razotné Nr. 7 sarazotas | MWh biometana ietekmes uz vidi sadalijums
viduspunktu ietekmju kategorijas.

Ietekmes uz vidi noveérté€sanai izmantojot ReCiPe metodi, lielaka ietekme uz vidi rodas
sekojosas viduspunktu ietekmes kategorijas (skat. 3.4.att€lu): klimata parmainas (ietekme uz
cilveku veselibu un ekosisttmam — attiecigi ~43 % un ~28 %), fosilo resursu noplicinasana
(~20 %), cieto dalinu veidoSanas (~4 %) un toksiskums (~4 %). Savukart ietekmes uz vidi
sadalijums beigu punktu kaitejuma kategorijas ir $ads: ~51 % no kopgjas ietekmes tiek radita
cilvéku veselibas kategorija; ~29 % ekosistemu kaitgjuma kategorija, bet uz resursu kait€juma
kategoriju attiecas ~20 % no kopgjas ietekmes (skat. 3.5. att€lu).
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3.5. attels. Razotn€ Nr. 7 sarazotas 1 MWh biometana ietekmes uz vidi sadalijums beigu
punktu kait€juma kategorijas.

Palielinoties attalumam no biometana razotnes lidz gazes caurulvadam (raZotne Nr. 1 ir
0,8 km attaluma un razotne Nr. 7 ir 18,9 km attaluma lidz dabasgazes tiklam), ietekme uz vidi
visvairak palielinas toksiskuma ietekmes kategorija (par aptuveni 16 %), kategorija ‘cieto
dalinu veidoSanas’ (~9 %) un ‘fosilo resursu noplicinasana’(~8 %), bet klimata parmainu
kategorijas, kas rada ietekmi gan uz cilvéku veselibu, gan ekosisttmam, ietekme viduspunktu
kategorijas palielinas par ~2 %. Analiz€jot iegiitos rezultatus ari citas viduspunktu ietekmes
kategorijas, var secinat, ka ietekme uz vidi ievérojami palielinas tajas kategorijas, kuru ietekme
ir <2 % no kopgjas raditas ietekmes uz vidi. Sis kategorijas ir saistitas ar zemes izmanto3anu:
‘zemes platibu parveidosana’ (~40 %) un ‘lauksaimniecibas zemju aiznemsSana’ un pilsétas
zemju aiznemsSana’ (attiecigi ~34 un ~39 %).

Nakamaja apakSnodala ir veikti aprékini, lai noteiktu un salidzinatu iesp&amas
biometana razoSanas un ievades dabasgazes tikla izmaksas Latvijas apstak]os.

3.2. Biogazes attiriSanas metoZu un biometana razosanas un ievadiSanas
dabasgazes tikla tehniski ekonomiskais noveértéjums

Saja apaksnodala ir veikta piecu dazadu biogazes attiridanas metozu un tris biometana
razoSanas un ievadiSanas dabasgazes tikla scenariju tehniski ekonomiska analize un
novertejums. 2014. gada Latvija darbojas 54 biogazes stacijas (44 lauksaimniecibas; 7 sadzives
atkritumu poligoni; 2 partikas razoSanas atlikumu vai notekiidenu attiriSanas un 1 sadzives
notekiidenu attiriSanas stacija) ar kop&jo uzstadito jaudu 54,92 MW [94]. 2013. gada, stradajot
ar vid&ji 75 % noslodzi, sarazots vairak neka 275,22 GWh elektroenergijas [94]. Lai noteiktu
optimalo biometana razoSanas un ievadiSanas dabasgazes tikla risinajumu, brivi tika izveletas
tris biogazes stacijas (3.6.att€la razotnes Nr. 20, Nr. 21 un Nr. 35, kas turpmak teksta apzimétas
ar Nr. 1, Nr. 2 un Nr. 3). Visas izvélétas biogazes stacijas atrodas viena no Latvijas regioniem.

Saja apaksnodala, lai aprékinatu biometana razo3anas izmaksas, tika salidzinatas piecas
komerciali piecjamas biogazes attiriSanas tehnologijas: (1) slapja attiriSana ar tdeni; (2)
attiriSana ar aminiem; (3) atdaliSana ar membranam; (4) attiriSana ar organiskajiem
Skidinatajiem un (5) spiediena mainas adsorbcija [96]. Lai rastu ekonomiski izdevigako veidu
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biometana razoSanai un ievadei dabasgazes tikla, tika izskatiti tris dazadi iesp&jamie scenariji

(skat. 3.7.att€lu):

- katra biogazes razotne ieriko savas attiriSanas iekartas un sarazoto biometanu
ievada dabasgazes tikla;

- =V

katra razotne biogazi transport€ uz vienu attiriSanas staciju, un no tas biometans
tiek ievadits dabasgazes tikla. Saja scenarija attirianas izmaksas ir zemakas
neka tad, ja biogaze tiek attirita tur, kur ta tiek razota (a scenarijs), pateicoties
zemakam attiriSanas iekartu kop&jam 1patngjam investicijam;

Sarazotas biogazes apjoms, tiikkst. m3/gada
266 - 1342

1343 -
2492 -
- 6408
6400 -

4201

o@0Q0e

Apzimé&jumi

Magistralais dabasgazes tikls

2491
4200

11984
1:1 600 000

3.6. attels. Biogazes stacijas un dabasgazes magistralais caurulvadu tikls Latvija un
novert§jumam izveletas biogazes razotnes Nr. 20, Nr. 21 un Nr. 35 (turpmak apzimetas ar
Nr. 1, Nr. 2 un Nr. 3) [95].

Biometina
raZotne

R

3.7. attels. Biometana razoSanas un ievades dabasgazes tikla scenariji; 1-2-3 —

biogazes razotnes, DG — dabasgazes tikls [97].
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- izejvielas, kas nepiecieSamas tris atseviSku biogazes staciju raZoSanas jaudas
nodroSinasanai, transport€ uz vienu lielaku biometana razotni, izmantojot esoSo
celu infrastruktiiru. Biometanu ievada dabasgazes tikla. Saja scenarija
biometana ieguves izmaksas ir tadas pasas ka b scenarija, bet atSkiras biogazes
razoSanas izmaksas un gazes transporté€Sanas izmaksas.

Visu tris brivi izvéleto biogazes raZotnu kopé€ja biogazes raZzoSanas jauda, izmantojot
aminu attirisana metodi, ir 1280 m*/h un, izmantojot pargjas biogazes attiriSanas metodes,
razo$anas jauda ir 1345 m*/h.

Aprékinu veikSanai izmantotie dati — sarazotas biogazes apjoms un sastavs — noraditi
izveleto biogazes razotnu piesarnojosas darbibas atlaujas [98—100]. Pamatojoties uz datiem par
biogazes sastavu, tika pienemts, ka no 1 m® biogazes vidgji var iegiit 0,62 m*> metana. Kop&jas
biometana razoSanas izmaksas ir atkarigas no caurulvadu, kas nepiecieSami, lai pieslégtos
dabasgazes tiklam, izbtivei nepiecieSamajam investicijam, biogazes attiriSanas iekartu iegadei
nepiecieSamajam investicijam, ka arT no biogazes razoSanas un attiriSanas izmaksam un iekartu
ekspluatacijas izmaksam. Kapitalizmaksas tika aprékinatas 10 un 20 gadu ekonomiskajam
dzives ilgumam. Nemot vera dabasgazes piegadataja informaciju [101], ka gazesvada
biivniecibas izmaksas ir 50-60 EUR/m robezas, atkariba no projekta sarezgitibas, izvéleta
biivniecibas uznémuma un ielas seguma, tika pienemts, ka gazes caurulvada buvniecibas
izmaksas ir 55 EUR/m. Biogazes raZoSanai un attiriSanas metodei ar aminiem ir nepiecieSams
siltums, tapec tika pienemts, ka siltumapgadei tiek izmantoti katli, kuros ka kurinamo izmanto
uz vietas razoto biogazi. Tadgjadi biometana razoSanai pieejamas biogazes daudzums, ja tiek
izmantota attiriSanas metode ar aminiem, samazinas par siltuma razoSanai nepiecieSamo
daudzumu. Tika pienemts, ka biogazes zemakais sadegsanas siltums ir 6 MWh/1000 m® [102],
ka ar tika aprékinats, ka katrai razotnei siltuma nodrosinasanai ir nepiecieSami apmeram 3 %
no kop€jas sarazotds biogazes. Biometana razotnes izmaksas aprékinatas, nemot véra
kapitalizmaksas, ka ar1 ekspluatacijas un uzturéSanas izmaksas [103]. Lai novertetu
izejmaterialu transport€Sanas izmaksas no katras saimniecibas lidz biogazes razoSanas un
attiriSanas stacijai, attalumi tika noteikti izmantojot celu karti [104] un vietu koordinatas tika
ievaditas "ArcGIS" programma. Transport€Sanas izmaksu aprékiniem nepiecieSamie dati
(razoSanai nepiecieSamie izejvielu apjomi) tika iegiiti no "A" kategorijas piesarnojosas darbibas
atlaujam [98—100] un no Eiropas Komisijas finanséta petijjuma (izmaksas 1 tonnkilometram),
kas ir sabiedriska transporta izmaksas, kuras aprékina ka funkciju no nobraukta attaluma [105].

Sobrid Latvijas likumdo$ana nav noteiktas prasibas biometana kvalitatei, lai to varétu
ievadit dabasgazes tikla. Situacija, ja biometana razosanai netiek pieskirts finansials atbalsts, ta
razoSana nav ckonomiski izdeviga. Tomér butu jaizverté iesp&ja, izstradajot energetikas
politiku, paredzet atbalstu biometana ievadiSanai dabasgazes tikla. Kaut arl biometana
ievadiSana dabasgazes tikla nav atrunata ar1 Eiropas Savienibas izsniegtajos normativajos aktos,
dazas dalibvalstis, pieméram, Vacija 2012. gada ir izstradatas un ieviestas prasibas biometana
ievadiSanai dabasgazes tikla [41]. Sakotn&ji, kad biivéja pirmas biometana razotnes, ar1 Vacija
nebija $adu normativo aktu, tapec galvenas ieinteres€tas puses, pieméram, razotnes ipasnieki,
dabasgazes tikla TpaSnieki vai apkalpotaji un valsts slédza savstarp&jas vienosanas [106].

Saja apak$nodala veikto aprékinu rezultati parada, ka ekonomiski visizdevigakais
biometana razoSanas scenarijs — neatkarigi no izveletas attiriSanas metodes — biitu, ja vairaku
mazu biogazes razotnu vieta, biometans tiktu razots viena lielaka razotn€ (3.7.attela c scenarijs).
Scenarija, ja biogaze no atseviskam raZotném tiktu transporteta uz vienu attiriSanas staciju (skat.
3.7.att€la b scenarijs), kop€jas izmaksas biitu par aptuveni 2 % lidz 4 % zemakas (atkariba no
izmantotas attiriSanas metodes) neka a scenarija kop&jas izmaksas. Savukart ¢ scenarija kopgjas
izmaksas ir par aptuveni 22 % lidz 27 % zemakas (atkariba no izv€letas biogazes attiriSanas
metodes un ekonomiska dzives ilguma) neka b scenarija. Tapeéc var secinat, ka viszemakas
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izmaksas biitu ¢ scenarija gadijuma, lai gan to nav iespg&jams istenot jau darbiba esoSajam
biogazes razotn€m. Tomer tas var€tu biit ekonomiski visizdevigakais risinajums jaunajam
razotném. EsoSajam biogazes razotném vélamakais risinajums varétu biit b scenarijs. Poeschl
u. c¢. autoru publicétaja petijuma [107] ir minéts, ka scenarijos, kas ietver biogazes attiriSanu
lidz biometana kvalitatei, lai to ievaditu dabasgazes tikla, kop€jo fosila kurinama paterinu
var€tu samazinat, nevis razojot tikai elektroenergiju, bet gan izmantojot mazas kogeneracijas
iekartas, kas sp&j nodro§inat razoSanai nepiecieSamo siltumenergijas slodzi. Latvija, ievérojot
centraliz€tas siltumapgades izplatibu, biometanu biitu iesp&jams izmantot augstas efektivitates
gazes-tvaika turbinu kombinéta cikla kogeneracijas iekartas Riga.

Veicot aprékinus, var secinat, ka kopg&jas aprékinatas 1 MWh biometana izmaksas visam
piecam attiriSanas metodém scenarija, ja attiriSanas iekartas tiek uzstaditas katrd biogazes
razotn€ (skat. 3.7.att€la a scenarijs), ir diezgan lidzigas (atSkiribas ir ~3 % robezas). Var secinat
arT to, ka Ietaka biogazes attiriSanas metode ir attiriSana, izmantojot aminus un fiziska attiriSana
ar organiskajiem Skidinatajiem. Visas piecas izvertétas biogazes attiriSanas metodes ir
komerciali pieejamas [70]. Ka noradijis 7. Weidenaar sava promocijas darba, ekonomiskais
sniegums ir jutigs pret tadiem faktoriem ka biogazes iznakums un biomasas (izejvielu)
izmaksas, bet caurulvadu izmaksam, elektroenergijas cenai un biomasas transport€Sanas
izmaksam ir neliela ietekme [62].
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3.8. attels. Biometana kop€jo izmaksu sadalijuma salidzinajums visam izvél€tajam
biogazes attiriSanas metodém. Biogazes attiriSanas metodes: 1 — slapja attiriSana ar tideni;
2 — attiriSana ar aminiem; 3 — attiriSana ar membranam; 4 — fiziska attiriSana ar organiskajiem
Skidinatajiem; 5 — spiediena mainas adsorbcija.

Vislielakais 1patsvars biometana razoSanas kopgjas izmaksas (~65 % lidz ~73 % —
atkariba no biogazes attiriSanas metodes) visiem scenarijiem ir biogazes razo$anas izmaksam
(skat. 3.8.att€lu). Biogazes attiriSanas izmaksas ir ~13—18 % robezas no kop&jam izmaksam.
Savukart caurulvada izbiives un izejvielu transporteéSanas izmaksas ir ~4—5 % robezas, bet
biometana razotnes kapitalizmaksas, atkariba no izveletas attiriSanas metodes, ir ~4-8 %
robezas no kop&jam izmaksam.

Aprekinu rezultati parada, ka kop€as biometana raZoSanas, transport€Sanas un
ievadiSanas dabasgazes tikla izmaksas, ja izmanto ekonomiski izdevigako attiriSanas metodi un
ekonomiskos aprékinus veic 20 gadiem, ir aptuveni divas reizes augstakas neka dabasgazes
importa cena. Lidz ar to var secinat, ka biometana razoSanai ir nepiecieSams finansialais
atbalsts, lai biometana cena biitu konkurétsp&jiga ar dabasgazes cenu.
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4. BIOMETANA RAZOSANAS UN PIEGADES ATBALSTA
MEHANISMA SISTEMDINAMIKAS MODELIS

Energoapgades sistému attistibas un energétikas politikas planoSana ir sarezgita,
ieverojot to, ka sistému ietekme daudzi faktori. Lai planotu atbalsta mehanismu un dazadu to
scenariju sekas, ir nepiecieSams izmantot analitisku instrumentu, kas lauj analizét kompleksas
un dinamiskas sist€mas. Tadg] atbalsta mehanisma izpétei tika izvéleta sistémdinamikas (SD)
modeléSana. Gan Latvija, gan citur pasaulé sisttmdinamikas (SD) pieeja ka lidzeklis
energosisttmu planoSanai un formuléSanai ir veiksmigi izmantota, lai risinatu dazadus
energétikas politikas jautajumus. Pieméram, SD modelis Pakistanas energétikas politikas
noveértéSanai [108]; SD apvienojuma ar QFD (Quality Function Deployment — ar kvalitati
saistito funkciju izvertéjums) pieeju izmantots, lai raditu energétiskas drosibas parvaldibas
modeli jaunattistibas valstim, ka pieméru izmantojot Korejas gazes sektoru [109]; lai izprastu
elektroenergijas razoSanas jaudu dinamiku Kanada [110], ka ari, lai novértétu atjaunojamo
energoresursu politikas lomu Somijas energétiskaja atkariba [111] un lai analizétu biometana
razoSanas kédes dinamiku [112]. SD model&Sana tika izmantota arT atjaunojamo energoresursu
un CO: emisiju prognozeSanai Ekvadora [113] un lai analiz€tu, ka Kina varétu sasniegt
2020. gadam izvirzitos emisiju mérkus [114]. SD pieeja ir izmantota arT vairaku ar Latvijas
energétiku saistitu jautajumu risinasana: pieméram, par koksnes energijas tirgus attistibu [115]
un koksnes kurinama izmantoSanas veicinasanu siltumapgades sistema Latvija [116], ka ar1
izstradajot nakotnes biodizeldegvielas politikas un patérina modelus [117].

Ar SD pieeju ir analizéta biometana razoSanas kédes dinamika Niderlandg, un pétijuma
autori atzist, ka ir vairaki faktori, kas sarezgi biometana raZzoSanas nozares attistibu, pieméram,
resursu pieejamiba, pieprasijums, jaudu uzstadiSana, rentabilitate, ka ar1 konkurence starp
biometana un elektroenergijas razoSanas nozari, sadalot pieejamo biogazes un biomasas apjomu
[112]. P&tijuma tika parbauditi atbalsta mehanisma rezultati tris savstarpgji pretrunigos
apstaklos — palielinata razoSanas jauda, samazinats emisiju apjoms un samazinatas izmaksas.
P&tfjuma rezultata secinats, ka atbalsta mehanisms ar relativi zemam subsidiju izmaksam $ados
apstaklos var pastavet, ja tas tiek ieviests uz pietiekami ilgu laiku, bet ir janem véra, ka atbalsta
mehanisma rezultatus ietekmé razotaju vélme investet, ko var mazinat Saubas par investiciju
ekonomisko izdevigumu [112].

Ar1 Vacijas biometana tirgus ir modeléts izmantojot SD pieeju [118]. Ar modela
palidzibu novértétas vesturiskas energijas un klimata politikas sekmes un ietekme uz
elektroenergijas un siltumenergijas nozari, ka art model&tas un izvertétas jaunas politikas, ko
nakotn€ ieteikt politikas veidotajiem ilgtsp€jiga un efektiva biometana tirgus nodrosSinasanai
[118]. Kops 2004. gada Vacija biometana razotaji sanéma atbalstu saskana ar noteikto
paaugstinato elektroenergijas iepirkuma cenu jeb ta saucamo feed-in tarifu (FIT). Atbalsta
mehanisms darbojas labi, tomer radija arT nepareizu sloga sadali starp ekonomiskajiem un vides
aspektiem. Tapéc ar modela palidzibu analizéts mainiga FIT atbalsta mehanisms. Analiz€ta ari
emisiju kvotu tirdzniecibas sist€ma, ar kuras palidzibu planots mazinat negativos blakusefektus,
kas rodas fosilo kurinamo izmantoSanas gadijuma [118].

Izmantojot SD pieeju, izveidots un $aja nodala aprakstits modelis, ar kuru, atskiriba no
iepriek§ aprakstitajos pétijumos izveidotajiem modeliem, var detalizeti analiz€t biometana
razoSanas un piegades atbalsta mehanismu un ta struktaru, taja skaita, novertgjot gan atlauju
pieskirSanas dinamikas ietekmi uz atbalsta mehanismu, gan Latvija ieglistamo maksimalo
biometana apjomu, ka arT ietverot ar biometana stacijas biivniecibu un pieslégumu dabasgazes
tiklam saistitas izmaksas, dabasgazes cenu dinamiku u. c. aspektus. Nozimigaka $a pétijuma un
SD modela novitate ir ta, ka ar lielaku detalizacijas pakapi tiek analiz&ts tieSi pats atbalsta
pieSkirSanas mehanisms un ta rezultata sekojosa fiziska biometana razoSanas jaudu attistibas
dinamika. ModeléSanas galvenais izpetes jautajums ir, ka nodrosinat velamo biometana
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razoSanas pieauguma dinamiku, neparsniedzot paredz€to finansialo atbalsta apjomu. Tadgjadi
modelis ir politikas dizaina instruments, kas nosaka parametrus un to vértibas, kas politikas
veidotajiem ir janem véra, lai izveidotu ilgtsp&jigu biometana (un ari citu AER tehnologiju)
atbalsta politiku.

4.1. Dinamiska probléema un modela meérkis

Nozimigakie viet€jie energoresursi Latvija ir koksnes biomasa un hidroenergija.
2012. gada aptuveni vienu tresdalu no kopgja primaras energijas patérina nodro$inaja ar
viet€jiem energoresursiem (taja skaita 1,1 % ar biogazi). Par€jie nepiecieSamie energoresursi
tiek importeti no dazadam Baltijas regiona valstim, Eiropas Savienibas (ES) un arT no tresajam
valstim, taja skaita no Krievijas [119]. Kaut arT Latvija atjaunojamo energoresursu (AER)
Ipatsvars kop€ja energijas patérina ir samera augsts (2014. gada — 35,8 %), Latvija joprojam ir
loti atkariga no dabasgazes piegades no Krievijas [120, 121], kas 2014. gada veidoja 26,7 % no
kopgja primaras energijas paterina [119].

Latvija ir izvirzijusi mérki palielinat AER ipatsvaru bruto energijas galapatérina lidz
40 % un 50 % attiecigi lidz 2020. un 2030. gadam un samazinat energijas importu no
pasreizgjiem treSo valstu piegadatajiem par 50 %, salidzinot ar 2011. gada paterinu [122]. Lai
nakotné palielinatu biogazes lomu Latvijas energétika, biis jarisina vairakas problémas,
pieméram, (1) valsti nav noteiktas prasibas biogazes ievadiSanai dabasgazes tikla [122]; (2) nav
definétas dabasgazes tikla ievadamas biogazes kvalitates prasibas; (3), speka esosa valsts
atbalsta shéma, rada papildu slogu galalietotajiem.
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4.1. attels. Obligata iepirkuma komponentes dinamika Latvija [119].

Biogazes staciju skaits Latvija auga léni kopS 2004. gada. Zinama meéra straujaku
attistibu sekméja ES un globalas tendences, kas sekméja pareju uz AER, un nosacita loma bija
arT Kioto protokolam, ka arT tam apstaklim, ka Iidz ar iestasanos ES, Latvija kluva pieejami
dazadi ES atbalsta fondi. Jaatzime, ka ar AER jautajumiem Latvija ir saistitas vairakas
ministrijas. Katra no tam izstrada savas vadlinijas, normas un noteikumus, turklat tam ir vaja
savstarpgja komunikacija. Lidz ar to, bet galvenokart tapec, ka kluva pieejams ievérojams
finansialais atbalsts (piem&ram, Latvija ir pieejama ES Lauksaimniecibas atbalsta programma,
kas sedz 40 % no investicijam nepiecieSamas summas), ka ar1 sakara ar normativo aktu
izmainam 2007. gada, vélme investét biogazes kogeneracijas stacijas strauji pieauga un tas
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savukart radija situaciju, ka visas obligataja iepirkuma paredzetas un pieejamas atlaujas tika
izsniegtas loti Tsa laika. Kops 2008. gada, palielinoties elektroenergijas obligata iepirkuma
komponentei (skat. 4.1.attelu), strauji picauga ari AER staciju (taja skaita biogazes staciju)
uzstaditas neto elektriskas jaudas (skat. 4.2. att€lu). Lidz 2006. gadam Latvija darbojas tikai
dazas biogazes stacijas, piecus gadus velak staciju skaits bija pieaudzis Iidz 27, bet 2012. gada
vel 10 stacijas saka razoSanu [65] un 2014. gada obligataja iepirkuma sarazoto elektroenergiju
pardeva jau 56 stacijas [123].

Ta ka Latvija obligata iepirkuma tarifs ir piesaistits dabasgazes cenai, kas ir strauji
cClusies, arT kopéja elektroenergijas cena ir palielindjusies. Tas radija izteiktu rapniecibas
sektora neapmierinatibu. Lai stabiliz€tu situaciju, valdiba 2011. gada noléma partraukt atlauju
(tiesibas pardot sarazoto elektroenergiju obligata iepirkuma ietvaros un tiesibas sanemt
garantetu maksu par stacija uzstadito elektrisko jaudu) izsniegSanu un §is 1émums visticamak
paliks speka Iidz vismaz 2017. gadam. Griiti saprotamu, neskaidru un nestabilu ar AER saistitu
tiesibu aktu izdoSana radija situaciju, ka vélme investét strauji samazinajas (ari Eiropas
Komisijas dokumentos ir atzits, ka nenoteiktiba ir buitisks Sk&rslis ieguldijumiem [2]) un AER
energétikas nozares attistiba pedéjos gados Latvija ir apstajusies. Tika arT identific€tas vairakas
problémas un izdarita virkne secinajumu. Galvenie no tiem:

- ir jamaina cenas noteikSanas formula;
- atlauju sanemsanai butu jariko zemakas piedavatas cenas konkurss;
- ka ariir jaievies labi definéti kontroles pasakumi un mehanismi.

Attieciba uz pédéjo secinajumu, jaunai biogazes stacijai elektroenergijas razoSana ir
jauzsak 24 ménesu laika kops licences sanemsanas (atlauja bija deriga 2 gadus).
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4.2. attels. Faktiskas (Iidz 2015. gadam) un planotas [124] biogazes kogeneracijas
staciju kopg€jas uzstaditas elektriskas jaudas un sagaidamais jaudu samazinajums normativo
aktu izmainu rezultata. Jaudu samazinajuma likne parada iesp&jamo izmainu raksturu, nevis

aprekinatas skaitliskas vertibas.
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Sa pétijuma dinamiska probléma ir sagaidama jaudu attistiba, kas atskirsies no planota
(skat. 4.2. attelu), ieverojot to, ka jaunu atlauju izsniegSana ir partraukta uz ilgaku laika periodu.
Sada situacija ir radusies, jo politikas veidotaji nebija veikusi atbalsta sistémas dinamisko
procesu analizi.

Attirita biogaze (biometans) ir labi parvaldams energijas avots, kas nav atkarigs no
sezonalitates. To var ievadit tiesi dabasgazes tikla, uzglabat, izplatit un lietot tapat ka dabasgazi,
lidz ar to biometans tiek uzskatits par vienu no vertigakajiem atjaunojamajiem dabasgazes
aizvietotajiem. Tomér galvenais Skérslis biometana ievadiSanai dabasgazes tikla ir biogazes
razoSana, attiriSana un infrastruktiiras izveide. Turklat Latvija nepastav tiesiska regul&juma
biometana ievadiSanai dabasgazes tikla.

Nemot véra energoapgades sisteémas politisko Iémumu dinamisko un sarezgito raksturu,
pétijuma veikSanai izmantota starpdisciplinara SD [125-127] pieeja. Pétijuma, kas aprakstits
Saja sadala, meérkis bija izveidot sakotng&jo modeli, kas labi raksturotu ve&sturisko biogazes
nozares situaciju valstl, un tad to izmantot biometana piegades (raZoSanas un ievades
dabasgazes tikla) atbalsta mehanisma izveide. Atbilsto$i mérkim izveidota sakotng&ja modela
validacijas laika tika noskaidrots, ka tas pietieckami precizi sp€j raksturot vesturisko biogazes
nozares attistibu Latvija, paradot, kadas ir sagaidamas tendences nakotng, ja biogazes nozare
tiks izmantoti pasreizgjie politikas instrumenti. Savukart ar izveidota sisttmdinamikas modela
palidzibu ir izstradats pietickami pamatots un skaidrs biometana razosanas un piegades atbalsta
mehanisms, ka ar1 analizeti dazadi $a atbalsta mehanisma aspekti un scenariji.

4.2. Dinamikas hipoteze

Izstradajot sakotn&jo modeli, kas spétu attelot vesturisko biogazes nozares attistibu
Latvija, tika izteikta hipotéze, ka biogazes kogeneracijas staciju atbalsta mehanisms pozitivi
ietekmé sanemto atlauju skaitu (+). Tas savukart sakotngji palielina noteikta laika perioda
pieskirtas atlaujas (atlauju pieskirSanas atrumu), veidojot pastiprinoSo cilpu (skat. 4.3.,
4.6. att€lu) un darbiba esoSo jaudu apjomu, ko ietekmé ar1 vélme investet (raditajs, kas raksturo
kada dala no atlauju sanémusajiem uzblivé biogazes kogeneracijas stacijas). Darbiba eso$o
staciju pieaugums savukart palielina elektroenergijas obligata iepirkuma komponenti, kas
izraisa ripniecibas nozares parstavju neapmierinatibu un secigi rada spiedienu uz politikas
veidotajiem, I1dz ar to radot negativu efektu uz atbalsta apjomu. Tadgjadi izveidojas kavejosa
cilpa (-), kas samazina jaudu pieguma tempu (skat. 4.3., 4.6. att€lu). Butiskakais atzinums, kas
janem veéra izstradajot modela hipot€zi, ir, ka valsts politiskas gribas un pienemta atbalsta
mehanisma stabilitatei un ilgtsp&jai ir liela ietekme uz investoru velmi iesaistities AER
razoSana. Sakotngji izstradata modela, kas paskaidro eso$as biogazes kogeneracijas staciju
atbalsta sisteémas struktiiru un tas raditas problémas, galveno dalu savstarp€ja mijiedarbiba ar
atgriezeniskajam saitém paradita 4.3. att€la. Var secinat, ka biogazes kogeneracijas staciju
atbalsta sisteéma, kuru veido pastiprinosa cilpa, kas sakuma radija strauji nozares attistibu, un
kavejosa cilpa ir tipiska S-veida pieauguma sisteéma bez novélojumiem.

Atbalsta mehanisma probléma no politikas viedokla bija tada, ka politikas veidotaji uz
ripniecibas nozares parstavju neapmierinatibu saka reagget tikai tad, kad bija sasniegta noteikta
neapmierinatibas robeza, turklat atbildes reakcija uz to bija pekSna un pilniga atlauju
izsniegSanas apturéSana. Sekmigai, t. i., mérktiecigai un ilgtsp&jigai politikai ir nepiecieSams
priekslaicigi novertét iesp&jamo attistibas dinamiku, nosakot kontrol§jamos parametrus un to
skaitlisko ve&rtibu diapazonus, lai atbalsta sistéma biitu vadama.
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4.3. attéls. Dinamikas hipotéze — c€lonsakaribu diagramma (CLD) biogazes kogeneracijas
staciju atbalsta sist€mas sistéemdinamikas modela izveidoSanai.

4.3. Modela formuleSana un imitacijas aprekini

Sakotn&ja modela izveide izmantoti Ekonomikas ministrijas, Sabiedrisko pakalpojumu
reguléSanas komisijas (SPRK) un statistikas dati, ka arT aprékinu rezultati par biogazes CHP
sarazoto elektroenergijas apjomu un vidéjo uzstadito razoS$anas jaudu. Tika izmantoti ari
normativajos aktos noteiktie un literatiira pieejamie dati par razotnes blivniecibai nepiecieSamo
laiku, atlauju izsniegSanas un sanemsSanas kartibu [65, 82, 83, 119-124, 128-130] u. c.
Sakotné&jais modelis ietver divas savstarpé&ji saistitas sist€émas — biogazes kogeneracijas staciju
elektriskas jaudas razoSanas atlauju pieskirSanas sistému (skat. 4.4.attelu) un elektrisko jaudu
aprites (t. 1., buvniecibas, ekspluatacijas un darbibas partrauksSanas) sist€tmu (skat. 4.5.att€lu).
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4.4. attels. Biogazes kogeneracijas staciju elektriskas jaudas razosanas atlauju! pieskirSanas
sist€ma.

! Tiesibas pardot sarazoto elektroenergiju obligata iepirkuma ietvaros un tiesibas sanemt garantétu maksu par
stacija uzstadito elektrisko jaudu
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Atlauju pieskirSanas sisttmu biogazes kogeneracijas stacijam veido krajums —
"Pieskirtas atlaujas" (skat. 4.4.att€lu), ka ar1 viena ieejosa un divas izejosas plismas:

PA(t) = ftto [AP(s) — AA(s) — IAI(s)] ds + PA(t,), (4.1)

kur  PA — pieskirtas atlaujas, m*/h;
AP — atlauju pieskir$ana, m*/h gada;
AA — atlauju anulé$ana, m/h gada;
IAI — ikgadgjas atlaujas ar investicijam, m’/h gada.

AP = NN X PA, 4.2.)
kur NN —nozares neapmierinatibas efekts uz pieskirSanas tempu.

[AI = MIN(PA X VI; PA), 4.3.)
kur  VI—velme investgt.

AA = MIN(PA x (1 =VI)/IAL; PA), (4.4.)

kur  [AL — investicijam atlautais laiks.
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4.5. attéls. Biogazes kogeneracijas staciju elektrisko jaudu ‘aprites’ sist€ma.

Krajums raksturo, cik daudz atlaujas ir pieskirtas. Ieejosa plisma nosaka, cik daudz
jaunu atlauju tiek pieskirts noteikta laika perioda — viena gada laika (4.2.), izejosas plusmas
nosaka, cik daudz no pieskirtajam ikgad€jam atlaujam tiek realiz&tas ar investicijam (4.3.) un
cik daudz atlaujas tiek anulétas, ja divu gadu laika, kas bija investicijam atlautais laiks, netika
uzsakta razotnes biivnieciba (4.4.). leejoSo plusmu "Atlauju pieskirSana" ietekmée
elektroenergiju izmantojoSo nozaru parstavju neapmierinatiba: pirmos gadus, kamér nozares
parstavjiem nebija uzlikts parak liels obligata iepirkuma izmaksu un subsidétas elektroenergijas
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nodokla slogs, razoSanas atlaujas pieskirSanas atrums pakapeniski un saméra strauji pieauga
(vesturiski Latvija pirmo piecu gadu laika izsniegto atlauju skaits bija gandriz pieckarSojies).
Bet, tiklidz neapmierinatiba sasniedza kritisko robezu, raZzoSanas atlauju pieSkirSana, saskana
ar Latvijas valdibas ricibu, tika peksni un pilniba partraukta. Abas izejoSas pliismas nosaka
pienémums par vélmi investet, kas pirmajos nozares attistibas gados strauji palielinajas, bet Iidz
ar bridi, kad tika partraukta razoSanas atlauju izsniegSana, vElme investét ievérojami
samazinajas.

Biogazes kogeneracijas staciju elektrisko jaudu ‘aprites’ sistému veido divi krajumi
(skat. 4.5.attelu). Krajumu "Biivnieciba esosas jaudas" ietekmé viena ieejosa un viena izejosa
plisma:

BEJ(t) = ft"; [BU(s) — JNE(ts)] ds + BEJ (t,), 45.)

kur  BEJ - biivnieciba esosas jaudas, m’/h;
BU — biivniecibas uzsak$ana, m*/h gada;
JNE — jaudu nodosana ekspluatacija, m*/h gada.

Ar1 krajumu "Darbiba esosas jaudas ar atbalstu" ietekmé viena ieejosa un viena izejosa
plusma:

DEJ(t) = [ JNE(s) — JIE(s)] ds + DEJ (t,), (4.6.)

kur  DEJ— darbiba esosas jaudas, m’/h;
JIE — jaudu izve$ana no ekspluatacijas, m*/h gada.

JNE = BEJ/VBL, 4.7.)

kur  VBL — izvert€jot publiski pieejamo informaciju par ekspluatacija nodotajam razotném
Latvija, vidgjais buvniecibas laiks ir pienemts 1,5 gadi.

JIE = IF(TIME > 10; DE]/TKI ;0), (4.8.)
kur  TKI - tehniskais kalpoSanas ilgums, pienemts 10 gadu.

Plismu "Buvnieciba uzsakSana" nosaka plisma "lkgad&jas atlaujas ar investicijam".
Savukart plismu "Jaudu nodoSana ekspluatacija" nosaka konstante ‘vidgjais biivniecibas laiks’
(4.7.). Kad ir beidzies atbalsta izmaksu periods (Latvija 10 gadus ir tiesibas pardot sarazoto
elektroenergiju obligata iepirkuma ietvaros un tiesibas sanemt garantétu maksu par stacija
uzstadito elektrisko jaudu), jaudas tiek izvestas no ekspluatacijas (4.8.).

Lai ar sakotngjo modeli veiktu imitacijas aprékinus, izmantojot publiski pieejamu
informaciju un konsultgjoties ar nozares parstavjiem:

- pienemts, ka uzstaditas jaudas izmantoSanas stundu skaits ir 5000 h gada;

- aprékinats, ka vidéja uzstadita jauda ir 549 m*/h (par pamatu nemta biogazes
razoSanas jauda un parrékins uz elektrisko jaudu ir veikts, aprékinot sarazoto
elektroenergijas apjomu);

- biogazes zemakais sadegsanas siltums ir 5,6 MWh/1000m® un

- vidgjais elektriskais lietderibas koeficients ir 32 %.
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Imitacijas aprékinu rezultati parada, ka 2015. gada 58 biogazes razotnes sarazoja 158,4
milj.m® biogazes un elektriska jauda bija 56,5 MW (skat. 4.6. attélu), kas gandriz atbilst
faktiskajiem datiem.

4.4. Modela validacija

Biogazes kogeneracijas staciju atbalsta sistémas sistémdinamikas modela validacija
veikta, izmantojot dazadus literatiira aprakstitus testus [131].

Saskana ar teoriju, sist€mas uzvedibu nosaka tas struktiira [131], tapéc sakuma veikta
izstradata modela struktiiras atbilstibas parbaude. Nemot véra, ka modela izstrades laika notika
konsultacijas gan ar energétikas nozares parstavjiem, gan ar sisttmdinamikas model€Sanas
ekspertiem, turklat modela parametru vertibas ir salidzinatas un pamatotas ar ekspertu pieredzi
vai literatiiras avotos atrodamo informaciju, var uzskatit, ka modeli ieklautie pienémumi par
sist€émas darbibu pareizi raksturo realas sistemas uzbivi un skaitliskas parametru vértibas ir
pamatotas un atbilst realas sistémas vertibam ticamibas robezas. Modela parametru vértibas ir
parbauditas tieSa cela, salidzinot ar vésturiskajiem datiem. Modelis tika validéts, izmantojot
vesturiskos datus par biogazes kogeneracijas staciju uzstaditas elektriskas jaudas pieauguma
dinamiku Latvija no 2006. lidz 2015. gadam. V@&sturiskie dati iegiiti no LR Ekonomikas
ministrijas un Centrala statistikas biroja registriem [120].

Modela uzvedibas att€lojuma tests un validacija ar veésturiskajiem datiem paradija, ka
modelis pietickami precizi sp&j reproducét vesturisko biogazes kogeneracijas staciju attistibu
Latvija (skat. 4.6. attelu), arT paradot, kadas ir sagaidamas tendences nakotné (skat. 4.2. attelu),
ja netiks atjaunota razoSanas atlauju izsniegSana vai netiks ieviests cits piemérots atbalsta
mehanisms.
atgriezeniskas saites, kas saista pieskirto atlauju skaitu un kopg€jo atbalsta maksajumu obhgata
iepirkuma ietvaros, ka ar1 v€lme investét razotnu izveide. Modela rezultatu atbilstiba
vesturiskajiem datiem apstiprinaja parliecibu, ka izveidota modela struktiira un uzvediba atbilst
realajai vesturiskajai situacijai Latvija un ka modela rezultati ir stabili, bez svarstibam. Lidz ar
to Sis sakotngjais modelis, saglabajot ta pamatstruktiiru (kas ataino realas sist€émas uzvedibu),
tika izmantots biometana razoSanas un piegades atbalsta mehanisma analizes modela
veidoSanai.
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4.6. attéls. Faktisko (Iidz 2015. gadam) un aprékinato biogazes kogeneracijas staciju
kopgjo uzstadito elektrisko jaudu salidzinajums.
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Lai noverteétu modela atbilstibu ta veidoSanas mérkim, veikts robezu atbilstibas tests.
Izveidota sakotng&ja modela mérkis bija pec iesp&jas labak raksturot vésturisko biogazes nozares
attistibu Latvija, lai p&€c tam modeli varétu izmantot biometana piegades (razoSanas un ievades
dabasgazes tikla) atbalsta mehanisma izveide. Tiek izvirzita hipot€ze, ka biogazes nozares
attistiba Latvija ir tie$i atkariga no uzne€meju veélmes investét razotnu izveidé. Nemot veéra, ka
atjaunojamo energoresursu razoSanas izmaksas Sobrid nesp€ konkurét ar dabasgazes cenu,
uznéméju velmi investet nozares attistiba tieSi ietekmé uzticiba valsti pienemtajam atbalsta
mehanismam, kas savukart atkarigs no atbalsta stabilitates un ilgtsp&jas. Parbaudot modeli, var
secinat, ka velme investét modeli ir atgriezeniski saistita un secigi ietekme galvenos parametrus
— biivnieciba un darbiba esosas jaudas, ka ar saraZoto biogazes apjomu, apstiprinot ieprieks
1zvirzito hipotezi.

Ar ekstrému apstak]u, ekstrémas politikas testa palidzibu noveértéta modela sp&ja pareizi
funkcionét gal€jos apstaklos. Tas ir nozimigs tests modela struktiiras atbilstibas noveértésana.
Sa testa veikSanai pienemts, ka uznéméjiem nav vélmes investét jaunu razotnu attistiba
(parametra vertiba ir 0). Ja nav v€lmes investet, tad netiek izsniegtas biivniecibas atlaujas, I1dz
ar to nenotiek ar1 jaunu jaudu biivnieciba un nodosana ekspluatacija, razotnu skaits nepalielinas
un nozares nonak stagnacijas stavokli. Lidz ar to var secinat, ka modela uzvediba ir atbilstoSa
Sadiem apstakliem.

4.5. Politikas veidoSana un verifikacija

Dinamiskas problémas ar sisttmdinamikas modelu palidzibu var risinat, regulgjot
plusmas, un tadgjadi radot izmainas krajumos. Dazadu risinajumu kopums, ar kuru palidzibu
tieck regul€tas plusmas, sisttmdinamika sauc par politiku. Informaciju, kas nepiecieSama
risindjumu 1stenosanai, nodroSina krajumu esosas vertibas. Un politika ir ietverta c€lonsakaribu
cilpas, kas tiek veidotas starp plismam un krajumiem. Mainot vai labojot noteikumus, kas
regul@ pliismas, veidojot jaunas c€lonsakaribu cilpas, tiek veidota jauna politika. Lai izveidotu
jaunu politiku, ir jamaina parametri, kas ietekmé pliismas un Iidz ar to arT krajumus [131].
Saskana ar D. Medouzas piedavato divpadsmit parametru skalu [132], izstradatais biometana
razoSanas un piegades atbalsta mehanisma modelis atbilst sociala tipa sviras treSajam
parametram — sistémas meérkis. Sociala tipa sviras sp€j mainit gan sist€mas noteikumus, gan
mérkus, t. i., var mainit gan to, ko sist€ma censas sasniegt, gan veidu kada tas tiek sasniegts,
gan radot jaunu, gan noveérSot esoSo spiedienu uz pasu sistému. Sist€mas noteikumus parasti
defing, nemot véra sistémas mérki, kurs, ja to maina, var butiski ietekmét sist€mas informativo
un fizisko struktiiru — mainas gan parametri, gan atgriezeniskas cilpas, informacija un sistémas
organizacija. Sist€émas merka izmainas var ietekm@t ari tas parvaldibas veidu, pieméram, vai
valsts vai uzn€mums ir demokratisks un augSupversts, vai autokratisks un lejupversts.

[zmantojot pastavosa biogazes atbalsta mehanisma (sakotngjo) modeli, tiek piedavata
jauna atbalsta mehanisma (politikas) koncepcija, t. 1., mainot pastavosas sist€mas (politikas)
noteikumus un mérkus, tiek piedavats nakotné atbalstu biogazes kogeneracijas stacijas
sarazotajai elektroenergijai aizstat ar atbalstu biometana razo$anai un ievadiSanai dabasgazes
tikla.

Biometanu uzskata par vienu no vertigakajiem atjaunojamajiem dabasgazes
aizvietotajiem. Tas, atSkiriba no saules un véja energijas, ir labi parvaldams energijas avots un
nav atkarigs no sezonalitates. Ja tiek attistita biogazes nozare un tiek veiktas investicijas
biogazes attiriSanas un infrastruktiiras izveide, biometanu var ievadit tiesi dabasgazes tikla,
uzglabat, izplatit un lietot tapat ka dabasgazi. Tomér galvenie Sk&rSli biometana nozares
attistiSanai Latvija ir tas, ka nav tiesiska regul&juma biometana ievadiSanai dabasgazes tikla, ka
ari tas, ka Sobrid ir partraukts atbalsts jaunam biogazes razotné€m, lidz ar to izraisot nozares
stagnaciju.
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4.5.1. Atjaunojamo energoresursu atbalsta mehanismi Eiropa

Interese par iesp&ju biogazi attirit Iidz dabasgazes kvalitatei (iegiit biometanu) un ievadit
to dabasgazes tikla, izraisa arvien lielaku politikas veidotaju interesi Lielbritanija, Niderlandé
un Vacija, ka ar1 gazes industrijas parstavju vidi. Vislielako nedroSibu $aja nozaré rada
biomasas cena un pieejamiba, lidz ar to biomasas nepiecieSamiba v€l viena nozaré varétu
izsaukt cenu celSanos. Pieaugot biomasas pieprasijumam un celoties cenam, lauksaimnieki
varétu but vairak ieintereséti lauksaimniecibas kultiiru vieta audzét energétiskas kultiras.
Turklat ir jaizverte ar1 biomasas razoSanas ilgtsp&ja — ietekme uz ekosisttmam un zemju
atmeZoSanas radita ietekme. Nemot veéra, ka biometana ripnieciba joprojam ir liela meéra
atkariga no subsidijam, Oksfordas institlita petijuma ir atzits, ka loti liela nozime ir stabilam
likumdoSanas ietvaram ar pietickamu finansialu atbalstu [70]. Par biometana izmantoSanu
Eiropas Savienibas Itmeni vienotas nostajas nav, tomér Niderlande un Vacija jau ir defin€jusi
specialus mérkus biometana attiriSanai un ievadei dabasgazes tikla.

Eiropas Vides agentiira ir aplésusi, ka lidz 2020. gadam Eiropas Savieniba nekaitgjot
videi biitu pieejami aptuveni 235 miljonu tonnas naftas ekvivalenta (Mtoe) biomasas gada, kas
varétu pieaugt lidz pat 295 Mtoe 2030. gada. Tiek paredzets, ka pieejamas biomasas apjoms
palielinasies paaugstinoties pieejamo zemes platibu potencialam, pateicoties augstakai razibai
un energijas cenam. Tiek prognozgts arT, ka nakotné Eiropa pieaugs energétisko kultiiru nozime
bioenergijas riipnieciba. Galvenie biomasas avoti biitu lauksaimnieciba (95 Mtoe) un atkritumu
saimnieciba (100 Mtoe). Kopgjais ES primaras energijas paterin$ 2010. gada bija 1,760 Mtoe
un ir paredzams, ka 2030. gada tas biis 1,724 Mtoe. 2010. gada sarazotas biogazes apjoms bija
10,9 Mtoe. Eiropas biomasas organizacija (AEBIOM) ir aprékinajusi, ka 2020. gada sarazos
aptuveni 39,5 Mtoe, kas atbilst aptuveni 10 % no Eiropas Savienibas dabasgazes pat€rina. [70]

Oksfordas institiita publicétaja pétijuma [70] ir salidzinatas 3 raZotnes — divas no
bioatkritumiem, notekiidenu diinam (razoSanas jauda ir 760 kWe) un no biomasas (500 kWe)
razo elektroenergiju, bet tresaja, kuras jauda ir 500 m>/h, no biomasas razo biometanu. Tresas
— biometana razotnes kopg&jas ekspluatacijas izmaksas ir aprékinatas 8,13 eiro-centi/kWh.
Biogazes razoSanas izmaksas ir aptuveni 5,7 eiro-centi/kWh, kas ir mazliet zemakas neka
Vacijas Energijas agentliras aprékinatas izmaksas razotnei, kura izmanto kutsméslu un
skabbaribas izejvielas, ar 500 m*/h razoSanas jaudu (6,05 eiro-centi/kWh). Biogazes razo3anas
izmaksas veido 68 % no kop€jam biometana razoSanas un pardosanas izmaksam, biogazes
attiriSana — 22 %, pieslégums tiklam, tikla izmantoSanas maksa un izmaksas, kas saistitas ar
pardosanu, — 3 % katrs un administracijas izmaksas 1 % no kop&jam izmaksam. Ir noradits, ka
visu tr1s raZzotnu gadijuma ieveérojama nozime ir subsidijam un, $ada aspekta vertgjot, biometana
razotne tiek atzita par ekonomiski spécigako alternativu [70]. Lidzigi ka Saja petijuma [97], arT
Oksfordas institita pétijuma ir atzits, ka viszemakas izmaksas var nodroSinat centralizéta
biogazes attiriSana, tas ir, vairakus biogazes razotajus piesaistot vienai attiriSanas iekartai.
Atkariba no razotnes jaudas, biogazes razoSanas izmaksas ir 5—6 eiro-centi/kWh, biogazes
attiriSanas izmaksas ir 1,4-2,3 eiro-centu/kWh robezas, pieslégums dabasgazes tiklam ir 0,1—
0,3 eiro-centu/kWh robezas. Jo lielaka raZotnes jauda, jo izmaksas ir zemakas [70]. Saja
petijuma ir art atzits, ka gazifikacija, kuras rezultata iegiist ta saucamo biosintétisko dabasgazi,
vél nav finansiali dzivotsp&jiga tehnologija, bet ir laba biometana razo$anas perspektiva [70].

Eiropa 2012. gada biometanu parsvara ieguva no energétiskajam kultiram (71 %) un
kiitsmésliem (12 %), dazas valstis (Zviedrija, Austrija, Danija, Ungarija) no notekiidenu diinam
un biologiskajiem atkritumiem (Somija, Francija, Austrija, Sveicé un Spanija) [65]. 2012. gada
77 % no sarazota biometana tika ievadits dabasgazes tikla. Saskana ar Eiropas biogazes
asociacijas datiem, apméram pusi no sarazotd biometana izmanto ka transporta degvielu
(Francija, Ungarija, Italija, Niderland€, Zviedrija un Lielbritanija), bet parg€jo izmanto
elektroenergijas un siltuma razoSanai [65].
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Nemot véra, ka biogazes raZotnes parsvara ir izvietotas lauku apvidos, tam nav
nodroSinata lietderiga siltuma izmantoSanas iesp€ja, un lidz ar to vairumam esoSo biogazes
razotnu ir iesp€ja veikt optimizaciju un uzlabot energoefektivitati [64]. Vislielako SEG emisiju
samazinajumu rada biogazes razoSana no kiitsmésliem, jo tadgjadi tiek novérsta metana un
slapekla oksida nonakSana atmosféra. Tapec pastav uzskats, ka §ada veida lauksaimniecibas
atkritumu apstradei buitu jasanem vislielakais politiskais atbalsts [64]. Novért€jot biometana
ietekmes uz vidi faktorus, ir svarigi zinat, kurs§ energoresurss tiks aizstats ar biometanu. Lidz ar
to ir loti butiski analiz€t nacionalo situaciju un biometanu izmantot, aizstajot kurinamo, kas
rada vislielako ietekmi uz vidi [64]. Ievadot dabasgazes tikla, biometans aizstaj fosilo
kurinamo, vienlaikus palielinot ar1 valsts energoapgades droSibu [64]. Neskatoties uz to, ka
biometana tirgus cena, salidzinot ar dabasgazes cenu, ir augstaka, biometana razosanai ir augsta
vietgja pievienota vértiba, jo tiek atbalstita regionala lauksaimniecibas nozare, palielinas
pasSvaldibu nodoklu ien@mumi, biometana razotn€ tiek nodarbinats viet&jais darbaspeks [64].
Saskana ar Eiropas biogazes asociacijas datiem, atjaunojamas energijas ripnieciba tiek
nodarbinati aptuveni 4 % Eiropas darbspg&jigo iedzivotaju. Kaut arT tas nav ievérojams skaits,
tomer tam ir arkartigi liela nozime 1pasi lauku apvidos [65].

Lai nodro$inatu vienmérigu un drosu gazes tikla un tam pievienoto iekartu darbibu,
biometanam ir jaatbilst noteiktiem kritérijiem. Bet Sie kriteriji dazadas valstis un pat vienas
valsts robezas starp atseviskiem tikla sektoriem atSkiras [64]. Tapec 2011. gada Eiropas
Komisija uzdeva Eiropas standartizacijas komisijai izstradat vienotu biometana kvalitates
standartu (CEN TC 408) [64]. No likumdosanas viedokla biometana izplatiSana un pieejamiba
izskatas ceriga, jo ir izdota ES direktiva par alternativo degvielu infrastrukttiras ievieSanu [133].

Biogazes industrija jau vésturiski ‘zalo’ elektroenergiju ir uzskatijusi par galveno
galaproduktu un gandriz visas ES valstis ieviestas atbalsta sistémas deva priekSroku lokali
razotajai elektroenergijai, nevis biogazes attiriSanai lidz biometana kvalitatei [60]. Viens no
veidiem, ka mainit §adu attieksmi, ir panakt, ka valstiska limen1 ‘zala gaze’ tiek uztverta tiesi
tapat ka ‘zala elektriba’. Kaut arT biometana razotnes daudzas valstis nesp€j un nespes pilniba
nodro$inat dabasgazes patérinu, biometana razoSana un ievadiSana tikla ir visperspektivakais
atjaunojamas energijas uzglabasanas un lietoSanas-péc-vajadzibas veids [60].

Eiropas Parlamenta un Padomes direktiva 2009/28/EK par atjaunojamo energoresursu
izmantoSanas veicinasanu teikts, ka "izmaksam, kas rodas, lai jaunus razotajus, kas razo
elektroenergiju un gazi no atjaunojamajiem energoresursiem, ieklautu elektroapgades un gazes
tiklos, vajadzetu biit objektivam, atklatam un nediskrimingjo$am, un pienacigi butu janem vera
ieguvums, ko elektroapgades un gazes tikliem dod taja ieklautie razotaji, kas razo
elektroenergiju no atjaunojamajiem energoresursiem, un vietéjie razotaji, kuri razo gazi no
atjaunojamajiem energoresursiem” [134]. Galvenais konkurents biometana raZoSanai un
ievadiSanai tikla ir biogazes tie$a izmantoSana CHP stacijas [135]. Galvenais traucéklis, kas
ierobezo biometana iekluvi gazes tirgi, ir ta augstas razoSanas izmaksas [135]. Lidz ar to, lai
sekmétu biometana izmantoSanu, ir nepiecieSami atbilstosi atbalsta instrumenti, janodroSina
stabila, investicijam piemérota vide un jabut skaidrai nacionalai stratégijai attieciba uz
biometana razo$anu un izmantosanu.

2013. gada vidii biometanu razoja 14 Eiropas valstis un 11 valstis (Austrija, Danija,
Francija, Lielbritanija, Luksemburga, Niderlandg, Norvégija, Somija, Sveicé, Vacija, Zviedrija)
to ievada dabasgazes tikla [60]. Kaut arT dabasgazes tikla ievadita biometana apjoms arvien
pieaug, 1pasi Vacija, Niderland€ un Zviedrija, tomer valsts atbalstam vl aizvien $aja nozarg€ ir
bitiska loma. Izplatitakais atjaunojamo energoresursu atbalsta veids ir paaugstinata
elektroenergijas iepirkuma cena jeb ta saucamais feed-in tarifs (FIT). Tomér Eiropas Komisija
vélas panakt, ka FIT vieta tiek ieviesta piemaksa pie iepirktas elektroenergijas cenas jeb ta
saucama feed-in piemaksa (FIP) vai kada cita atbalsta sistéma, kas mudinatu razotajus sekot
I1dzi tirgus attistibai [65]. Saskana ar Eiropas biogazes asociacijas datiem, piecas valstis, kuras
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ir visaugstakais FIT, ir Sveice (328 €/ MWh), Italija (280 € MWh), Griekija (253 €/MWh),
Latvija (251 €/ MWh) un Vacija (250 €/ MWh) [65]. Japiebilst, ka kop§ 2012. gada vidus Latvija
vairs neizsniedz atlaujas atjaunojamas energijas, taja skaita biogazes razotnu, jaudu
palielinasanai vai jaunu jaudu ievieSanai [65]. Un kop$ 2014. gada atjaunojamas energijas
razotaji ir aplikti ar 5 % vai 10 % subsidétas energijas nodokli [65].

Nemot veéra, ka Eiropa darbojas vairak neka 300 biometana razotnes, var uzskatit, ka
biogazes attiriSanas tehnologija ir nobriedusi un sevi pieradijusi, un lidz ar to tehnologiju vairs
nevar uzskatit par ierobezojosu faktoru [64]. Jaunakos pétijuma ir noradits, ka Austrija darbojas
11 biometana razotnes, no kuram 8 ir pieslégtas dabasgazes tiklam, Francija 4 (biometanu
dabasgazes tikla ievada 2 razotnes), Vacija 154 (118), Niderlandé 23 (19), Lielbritanija 50 (50),
Zviedrija 54 (11), Sveicé 17 (15), Danija 3 (1), Somija 5 (2), Luksemburga 3 (3), Italija 2,
Ungarija un Spanija pa 1 stacijai katra [64, 65, 136, 137]. Biometana ievadiSana dabasgazes
tikla tiek uzskatita par visdzivotspgjigako alternativu ar vislielako dabasgazes aizstasanas
potencialu, 1pasi valstis ar labi attistitu infrastruktiiru, piem&ram, Lielbritanija, Niderland€ un
Vacija. [70]. Arm Latvija ir labi attistita dabasgazes infrastruktiira, kuru var€tu izmantot
biometana transportéSanai. Savukart biometanam, ja to izmanto transporta sektora, ir saméra
ierobezota ietekme uz dabasgazes tirgu tirgus maza apjoma dél.

Ta ka biometans cenas zina nespgj konkurt ar dabasgazi, valstis izmanto dazadas
atbalsta sistémas. Parsvara tas ir FIT, investiciju atbalsti, kvotu sist€mas vai nodoklu
atvieglojumi. Janem veéra, ka biometana raZotnes projekti ir laikietilpigi — ir nepiecieSami
ménesi, reizém pat gadi, lai attistitu un realiz€tu projektu, tap&c nepiecieSama stabila un
ilgtermina atbalsta sist€ma. Vacijas piemérs parada, ka pat valstis ar stabilu juridisko sisteému,
ir nepiecieSami aptuveni 32 méneSi no biometana razotnes planoSanas Iidz nodoSanai
ekspluatacija. Visvairak laika tiek te€réts parrunam par pieslégumu tiklam un piesléguma
izveidoSanai [64]. Razotnes planosanas posma ir svarigi, lai nebiitu liekas aizkav&Sanas ar
atlaujas sanemsSanu un visi turpmakie darbi var€tu noritét saskana ar laika grafiku. Tapéc valstu
valdibam iesaka izstradat vadlinijas, kas palidzetu atvieglot atlauju sanems$anas procesu un p&c
iesp&jas samazinatu riskus Saja projekta stadija. Biometana razotnes projekta visvarigakais
posms ir pieslégums tiklam. Tapéc tikla administratoram ir skaidri jadeklarg visu iesaistito pusu
tiesibas un pienakumi [64].

Tris valstis, kuras ir priekSgaj&jas biometana razoSanas nozare, — Zviedrija, Vacija un
Niderlandg — ir ieviestas dazadas atbalsta sist€émas.

Zviedrija biometanu galvenokart izmanto transporta sektora un S$aja aspekta valsts
ienem vadoSo lomu pasaulé. Galvenais §1s valsts biometana raZoSanas dzinulis ir transporta
sektora nospraustais atjaunojamo resursu izmantoSanas mérkis — panakt, ka lidz 2030. gadam
Zviedrija vairs netiek izmantoti transportlidzekli, kuriem nepiecieSams fosilais kurinamais.
Biometana patérin$ Zviedrija ir audzis saméra strauji — jau 2006. gada biometana paterins bija
tads pats ka dabasgazes patérin$, un kop$ ta laika biometana patérin$ parsniedz dabasgazes
paterinu. 2010. gada Zviedrija darbojas 47 biogazes attiriSanas stacijas, ko kuram 7 bija
pieslégtas dabasgazes tiklam [70]. Nemot veéra Zviedrijas maz attistito nacionalo dabasgazes
infrastruktiiru, biometana razotnes un uzpildes stacijas parsvara tiek izvietotas autoparku
tuvuma. Tas ir panakts, nodroSinot labveligus apstaklus, pieméram, bezmaksas autostavvietas
un nodoklu atlaides transportlidzekliem, kas izmanto biometanu, un paaugstinot nodoklus
fosilajam kurinamajam. Liela nozime ir ar1 publiskajiem iepirkumiem, kuros prieksroka tiek
dota tehnologijam, kuras izmanto atjaunojamos energoresursus [135, 138].

Zviedrija ir izveidotas investiciju atbalsta programmas paSvaldibam un individualajam
saimniecibam, Tpass atbalsts tiek pieskirts saimniecibam, kuras biogazi razo no kiitsmésliem.
Valsti ir ieviestas arT dazadas atbalsta sist€mas, kas paredzetas biometana izmantoSanai tieSi
transporta sektora: dazadi atbalsti uzpildes stacijam, piecu gadu atbrivojums no transporta
nodokla maksas, par 40 % samazinats ienakuma nodoklis uzne@mumiem ar vidi saudzgjoSu auto
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parku, taksometru pakalpojumu firmas, izmantojot $adu auto parku, var vieglak uzvarét
iepirkumos un iegiist tiesibas lidostas taksometru stavvietas biit pirmas rinda. Ka ar1 jebkurs§
biometana izmantoSanas veids tiek atbrivots gan no COz nodokla, gan no energijas nodokla
[63].

Vacija biogazi razo jau kops 1930. gada, un biometanu tikla ievada kops 2006. gada
[139]. Vacija ir sp&jusi ieviest labvéligus apstaklus un panakt strauju biometana razoSanas
sektora attistibu. Vacija ir vairak neka 7,000 biogazes staciju un ir vérojams strauj$ attiriSanas
iekartu ievieSanas kapums (no 15 attiriSanas iekartam 2008. gada Iidz vairak neka
160 attiriSanas iekartam 2012. gada) [70]. Vacija ir vadosa valsts Eiropa ar vislielako razotnu
skaitu (116 stacijas 2013. gada), kuras biometanu ievada tikla [135]. Nemot véra, ka <30 %
Vacijas biogazes razotnu lietderigi izmantoja visu siltumu, biometana ievadiSanu tikla uzskata
par labu pieeju $a raditaja uzlaboSanai, tomér to traucgja nepilnibas likumdoSana [140]. Sektora
attistibu sekmgja atlaides piesleguma izveido$anas un biometana transportésanas izmaksam un
galvenokart ieviestais FIT (Vacija EEG atbalsta sistemu ieviesa 2000. gada; ta aizstaja 1991.
gada istenoto pirmo atbalsta sistému atjaunojamajai elektroenergijai [139]), kuru razotajs
sanem 20 gadu garuma (tas katru gadu tiek samazinats par 2 %) [135, 141]. FIT Vacija ir
atkarigs no razotnes jaudas (tas ir 6—-14,3 € centu/kWh robezas), izmantota biomasas veida (bet
biometana zudumi nedrikst parsniegt 0,2 % [142]), turklat raZotajs sanem papildatlidzibu par
gazes ievadisanu tikla (3-2-1-0 € centu/kWh atkariba no biogazes attiriSanas iekartu jaudas).
Tikla operatoram (Vacija dabasgazes tikls ir vairak neka 440,000 km [139]) ir uzdots segt 75 %
no visam kapitalizmaksam, ieskaitot caurulvadus 10 km garuma. Tikla operators ir atbildigs par
piesleguma izveidi, bet razotajs drikst izv€leties piesleguma vietu, un uzturéSanas un
ekspluatacijas izmaksam. Un tomer, izmaksas nedrikst parsniegt 250,000 eiro [135, 142].
Pieslégums tiklam ir jarealizé 18 ménesu laika [142].

Vacija bankas, kas finans€é AER projektus, ieglst priekSrocibas refinanséSanas
programma. Nemot vera, ka piesleégums tiklam ir identificéts ka ‘vajais punkts’, Vacija ir izdots
rikojums par pieslegumu gazes tiklam, kas ar dazadiem pan€mieniem stiprina biometana
razotaju pozicijas, atvieglojot piesléguma izveidoSanu biometana transportesanai. Tapat Vacija
darbojas FIT elektribai, kas no biogazes razota CHP, ir ieviestas biodegvielas kvotas, kas
attiecas ari uz autotransporta izmantoto biometanu, kvotas siltumam, kas razots no biometana,
ka arT pastav energijas nodokla atvieglojumi biometana izmantoSanas gadijuma [63].

Niderlande ir nozimiga dabasgazes ieguves un eksportétajvalsts. Taja paSa laika
Niderlande ir atkariga no naftas un oglu importa. Elektroenergija Niderlandé galvenokart tiek
raZota, izmantojot gazi un ogles. Niderlandes energoapgad€ pieaug atjaunojamo energoresursu
loma, un ir uzstadits ievérojams daudzums v&ja elektrostaciju. Valsts ir nospraudusi merki, ka
1idz 2020. gadam 14 % no energijas gala patérina ir janodro$ina ar AER. 2003. gada Niderlandé
ieviesa FIT atbalsta mehanismu — fikséta maksa par katru sarazoto kWh, ko energijas razotajs
sanem 10 gadu garuma. 2006. gada §1 atbalsta sisteéma tika partraukta un lidz ar to beidzas ar1
atjaunojamas energijas sektora attistiba valsti. 2007. gada atbalsta sistému atjaunoja. Bija
noteikts, ka atbalstu nevarés sanemt ilgak ka 10 gadus un atbalsta apmérs bis atkarigs no
izmantotas tehnologijas un tas, sedzot izmaksu starpibu, mainisies lidz ar elektroenergijas
vairumtirdzniecibas cenu [143]. Atskiriba no pirmas atbalsta sist€émas, Sai tika noteikts kopgjais
maksimalais gada laika izmaksajamais atbalsta apjoms. Ta ka subsidiju budzets ir ierobezots,
noteikts, ka atbalstu pirmie sanem tie razotaji, kuriem §T starpiba ir vismazaka [63]. 2009. gada
atbalsta sistéma vé€lreiz tika mainita un biometana razotajiem tika noteiktas $adas prasibas:
jastrada ir 8000 stundu gada un atbalstu var sanemt 12 gadus. Niderlandé biometana raZzotajam
ir jasedz visas izmaksas, kas saistitas ar pieslégumu tiklam [144]. Niderland€ atbalstu sanem
gan biometana razotaji, gan tie, kas biometanu izmanto transporta nozaré [63]. Samazinatas
nodoklu likmes ieviestas ari investicijam energijas uzglabasanas un atjaunojamas energijas
iekartas [63]. Biometanam, kas iegiits no biomasas, pamata likme tika noteikta 0,465 vai
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0,583 €/Nm? (atkariba no izmantotajam izejvielam) ar 0,147 €/Nm? korekciju, atbalsta limits
180 miljonu eiro, sagaidama jauda 16-22 MW, un biometanam, kas iegiits no notekiidenu
diinam vai atkritumu poligonos: pamata likme 0,218 €/Nm? ar 0,147 €/Nm? korekciju, atbalsta
limits 15 miljonu eiro, sagaidama jauda 8 MW [143]. Pamata likmes Niderlandé mainas katru
gadu un Eiropas biogazes asociacijas 2013. gada zinojuma ir minéts, ka pamata likme bija
0,836 €/Nm’. Biogazes attirisanas iekartu uzstadisanas gadijuma var sanemt 41,5 % nodoklu
atlaidi un atbalsta sist€émas budZzeta griesti no 04.04.2013. Iidz 19.12.2013. bija 3 miljardi eiro.

Savukart Lielbritanija, kur ir plaSs un labi attistits dabasgazes tikls (250,000 km
caurulvadu un 21 miljons lietotaju [137]), kas biometanam varétu nodroSinat ievérojamu tirgus
potencialu (Iidzigi ka Latvija), 2012. gada darbojas tikai divas biogazes attiriSanas iekartas [70].
Lielbritanija var sanemt investiciju atbalstu razotnes biivniecibai un 20 gadu garuma tiek
garant€ta piemaksa, kas ir starpiba starp biometana razoSanas izmaksam un dabasgazes cenu
vai starpiba starp elektroenergijas, kas razota no biogazes vai biometana, cenu un
elektroenergijas tirgus cenu [64]. Atbalsta sistéma atjaunojamo energoresursu izmantoSanai
Lielbritanija, taja skaita biometana ievadiSanai dabasgazes tikla, tika ieviesta 2011. gada.
Atbalsta sistéema paredz 3 pakapju tarifus: 7,5 pensi/kWh (tikla gada laika ievada Iidz
40,000 MWh; aptuvena razotnes jauda 6 MW); 4,4 pensi/kWh (attiecigi 40,000 —80,000 MWh
un 12 MW); 3,4 pensi/kWh (attiecigi >80,000 MWh un >12 MW). Tarifi ir aprékinati pienemot,
ka tiek izmantoti 70 % partikas atkritumu un 30 % energgtiskas kultiiras (kuru cena ir aptuveni
35 £/t). Tarifi tika rékinati 1 MW razotnei pienemot, ka iekartu kalpoSanas laiks ir 20 gadi,
gazes zudumi ir 2 % apméra un ieks€ja pelnas norma (IRR) ir 12 % [145]. Laika, kad rékinaja
tarifus, Lielbritanija neviena biometana razotne vél nebija uzbiiveta, bet 2012. gada darbojas
2 razotnes, 2013. — 4; 2014. — 26 un 2015. gada jau 50 biometana razotnes, sarazojot aptuveni
2 TWh (Lielbritanijas kopgjais gazes patérins ir 750 TWh) un samazinot Skidras dabasgazes
importu par 140,000 tonnam [137]. Vairak neka puse razotnu (58 %) izmanto lauksaimniecibas
izcelsmes izejvielas [137]. 2015. gada atbalsta sist€mas ietvaros izmaksats gandriz 151 miljons
sterlinu marcinu [137]. Ja spéka esoSie tarifi visam iesaistitajam pusém biis apmierinosi, tad
lidz 2020. gadam Lielbritanija plano nodot ekspluatacija 100 biometana razotnes [137].

Jebkura valsti, lai biogazes un biometana razotn€m piesaistitu investorus, ir janodrosina
stabili ekonomiskie un politiskie apstakli vismaz 10 gadu garuma [60]. Lidz Sim tikai dazas
valstis ir defingjuSas skaidrus mérkus attieciba uz biometana razosanu. Zviedrija ir apnémusies
lidz 2030. gadam transporta sektora beigt izmantot fosilo kurinamo. Danijas mérkis ir
2030. gada razot 2PJ biometana, Niderlandes mérkis 1idz 2020. gadam ir pat€rina izmantot
670 miljonus kubikmetru biometana. Saskana ar Somijas valdibas stratégiju, 1idz 2025. gadam
ar bio-SNG, kas ievadits dabasgazes tikla, ir jaaizstaj 10 % no dabasgazes pat€rina. Savukart
iepriek$ nospraustie ambiciozie Vacijas plani — lidz 2020. gadam 6 % no dabasgazes patérina
un 10 % lidz 2030. gadam aizstat ar biometanu — tiek parskatiti [60].

Eiropas limeni politikas un likumdoSanas dokumentos biometans reti tiek skaidri
pieminéts. Parasti to ieklauj dabasgazes vai biodegvielu terminos un to, modelgjot
energoapgades sist€tmas un veicot ietekmes uz vidi novért§jumu, pat ignoré. Kaut ari
pasreizgjos tirgus apstaklos biometans nevar sacensties ar dabasgazi péc pardoSanas cenas,
tomer tiek uzskatits, ka biometans pilnigi noteikti ir konkuretsp&jigs ar skidrajam biodegvielam
un atjaunojamo elektroenergiju, un ta raZzoSanas apjomi ievérojami palielinatos, ja katra ES
valsti biometana razoSanai tiktu pieskirts Iidzvertigs atbalsts [60]. 2013. gada nogal€ biometana
ievadiSanai dabasgazes tikla FIT tika pieskirts Francija un Lielbritanija [60]. Lidz ar to
biometana razoSana $ajas valstis ir ekonomiski Iidzveértiga ‘zalas’ elektroenergijas razosanai.
Lielbritanija 2013. gada biometana razotaji sanéma FIT, kas bija 7,1 pensi par kilovatstundu.
Savukart Francija biometana FIT ir atkarigs no biometana raZotnes jaudas un no izmantotajam
izejvielam. Atkritumu poligonu biometana stacijam FIT ir 45-95 €/MWh robezas, bet
razotn€m, kas organiskos atkritumus apstrada izmantojot anaerobo fermentaciju, 2013. gada
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FIT bija 69—-125 €/ MWh robezas [60]. FIT nav vienigais veids, ka atbalstit biometana razoSanu.
Vacija un Austrija razotaji sanem ‘tehnologiju atlaides’, ja vinu produkts tiek izmantots
atjaunojamas elektroenergijas razoSanai.

Atbalsta pieskirSanas sist€ma tiek parskatita daudzas valsts, jo ir izveidojusies situacija,
ka atbalsta raditais ekonomiskais slogs ir parsniedzis pielaujamas robezas. Samazinatais vai
aptur€tais atbalsts rada nestabilitati atjaunojamas energijas razo$ana. Trukst petijumu, kas
saistiti ar atjaunojamas energijas atbalsta mehanisma, kas nemtu véra $is sistémas struktiiru,
veicinot atbalsta veiksmigu ieviesanu, izveidi. Sis sadalas turpinajuma aprakstits biometana
razoSanas un ievades tikla atbalsta sistemas modelis, kas piemérots Latvijas apstakliem.

Latvija noteikta AER atbalsta politika pastav kops 1998. gada, kad elektribai tika
ieviesta paaugstinata elektroenergijas iepirkuma cena jeb garantéta maksa par uzstadito
elektrisko jaudu. Ir izveidota ar1 atlauju (kvotu) sist€ma no atjaunojamajiem energoresursiem
sarazotajai elektroenergijai, kas valstij ir jaiegadajas par noteiktu cenu, tas ir, obligata
iepirkuma ietvaros. 2007. gada noteikumi tika mainiti un FIT tika piesaistits dabasgazes cenai.
Tadgjadi 2008. gada beigas, kad dabasgazes cenas bija augstas, ievérojami palielinajas arT FIT.
Obligatais iepirkums tika ieviests, lai atbalstitu mazos atjaunojamas energijas razotajus Latvija,
tomér ta ietvaros tiek atbalstitas arT ar dabasgazi darbinamas kogeneracijas stacijas [128].
Saskana ar analitisko zinojumu [128], atjaunojama energija faktiski sanem tikai 15 % no
obligata iepirkuma ietvaros izmaksatas atbalsta summas un no §is summas tikai 8,1 % sanem
biogazes razotaji. Kopgjais subsidiju apjoms ir piesaistits katrai kWh elektribas, kas tiek pardota
galalietotajam.

Atsaucoties uz Eiropas Biogazes asociacijas zinojumu, visizplatitakais AER atbalsta
veids Eiropas Savieniba bija FIT [65]. Un lidz ar Sveici, Italiju un Griekiju, Latvija ir ES valsts,
kura biogazes kogeneracijas stacijas sanem augstako atbalstu par sarazoto elektroenergiju —
251 EUR/MWh razotném, kuru elektriska jauda ir Iidz 80 kW ar efektivu kombin&to siltuma
un elektribas razoSanu [65]. FIT un valsts noteikta obligata iepirkuma sist€éma Latvija bija loti
veiksmigs risinajums AER atbalstam, Tpasi izdevigs mazajam hidroelektrostacijam, kad laika
no 1996. lidz 2001. gadam saraZotais energijas apjoms pieauga no 2,5 lidz 30 GWh [129], ka
arT biogazes razoSanas sektora. Tomer jaatzimé, ka tehnologiju izmaksas energijas razoSanai no
atjaunojamajiem energoresursiem ar laiku un tehnologiju izplatiSanos, iesp&jams, samazinasies.
Lidz ar to tiek planots atteikties no FIT atbalsta sh€mas, jo ta ir izradijusies piemé&rota tikai
istermina atbalsta sh&mai [122]. AtteikSanas no FIT ir ar saskana ar Eiropas Komisijas
vadlinijam, kuras ES wvalstis tieck mudinatas FIT aizstat ar piemaksu pie iepirktas
elektroenergijas cenas (FIP) lidz tirgus cenai. Tatad valstis tieck mudinatas izstradat un ieviest
atbalsta mehanismus, kas ir veidoti saskana ar tirgus principiem [130]. Cetras ES valstis, tas i,
Niderlandg, Danija, Igaunija un Somija elektroenergijas razotaju no AER atbalstam ir ieviesta
FIP sistéma [65].

4.5.2. Biometana raZoSanas un piegades atbalsta mehanisma modela formuléSana

Petijuma, kas aprakstits $aja sadala, merkis bija izveidot modeli, kas palidz&tu novertet
biometana razoSanas un piegades atbalsta mehanismu, nodroSinot kontrol€jamu un stabilu
biometana nozares izaugsmi laika, izvairoties no limitu parsnieg$anas un ‘svarstibam’ sist€éma.
Izstradata modela uzdevums ir nevis aprékinat precizus skaitliskus rezultatus, bet parbaudit un
noteikt, kuri no biometana razoSanas un piegades atbalsta mehanisma faktoriem visbutiskak
ietekm@ un sekme veiksmiga atbalsta mehanisma (politikas) izveidi.

Bitiskakie faktori un atzinumi, kas janem veéra, izstradajot modela hipotézi, ir:

- biometana razoSanai tiek noteikts kopg€jais atbalsta maksajumu maksimalais
apjoms;
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- gan biogazes, gan biometana razoSanas apjomu ietekmeé un ierobezo izejvielu
pieejamiba;

- valsts politiska griba un pienemta atbalsta mehanisma stabilitate un ilgtsp€ja
butiski ietekmé€ investoru veélmi iesaistities biometana razoSana;

- izvéloties biometana atbalsta mehanisma veidu un apjomu, biitu janem vera ari
dabasgazes tirgus cenas limenis, vid€jas cenas piecauguma dinamika (skat.
4.7.attelu). Aprekinot nakotnes cenas tendenci, ir nemta veéra dabasgazes cenas
veésturiska dinamika. Aprékinu rezultati liecina par to, ka nakotné dabasgazes
cena pieaugs. Ari Eiropas Komisijas sagatavotaja Energétikas celvedi
2050. gadam noradits, ka energijas cenas paaugstinas visa pasaulg [2].

Valsts valdiba izv€las un nosaka atbalsta mehanismu un kop&jo maksimalo atbalsta
apjomu un, vadoties p&c Siem nosacTjumiem, tiek izsniegtas atlaujas jaudu palielinasanai un
jaunu jaudu ievieSanai. Nemot véra, ka Eiropas Komisija iesaka ieviest atbalsta sisteému, kas
mudinatu razotajus sekot Iidzi tirgus attistibai [65], veidojot modeli, pienemts, ka Latvija tiks
ieviests FIP lidzigs atbalsta mehanisms. Piemaksa pie iepirktas elektroenergijas cenas ir uz tirgu
orientéts atbalsta maksajums, kad uzn@mgjs sanem piemaksu, kas kompensé ar biometana
razoSanu saistitos izdevumus, sedzot starpibu lidz dabasgazes cenai (skat. 4.8.att€lu). Petijuma
ir pienemts, ka razotajam ir garanteti ien€mumi un piemaksas apmérs mainas l1idz ar dabasgazes
tirgus cenas izmainam. Vienai megavatstundai nepiecieSamo atbalsta lielumu aprékina, nosakot
vienas biometana vienibas razoSanas izmaksu un dabasgazes cenas starpibu. Rekinot razoSanas
izmaksas 1 MWh biometana, tiek nemts véra, ka Ipatné&jie kapitalieguldijumi laika gaita varétu
samazinaties. Bet, rékinot vidgjo uz 1 MWh biometana izmaksajamo atbalsta apjomu (VAA),
ir pienemts, ka dabasgazes cena pieaugs (skat. 4.7.attelu).

== Dabasgazes cenas nakotnes tendence == Dabasgazes cenas vesturiska dinamika
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4.7. attels. Uznémuma "Latvijas gaze" noteikta vesturiska dabasgazes cena un lineara
pieauguma tendence, t. i., aprékinata vidéjas dabasgazes cenas nakotnes pieauguma dinamika
Latvija [146, 147].

Talak tiek noteikts, cik lielu ikgad€jo biometana razoSanas apjomu bitu iesp&jams
atbalstit, nemot véra politiski noteikto kop&jo atbalsta apjoma limitu (skat. 4.9.att€lu). Zinot
atbalstama biometana apjomu un nemot véra iesp&jamo veélmi investet, ka ari rékinoties ar laiku,
kas nepiecieSams kops atlaujas sanemSanas Iidz jaudu nodoSanai ekspluatacija, tiek aprékinata
nepiecieSama atlauju pieSkirSanas dinamika. Veicot Sos aprékinus, véra tiek nemta ar1 atlauju
termina izbeigSanas dinamika. Model1 tiek nemti véra ar1 biogazes razoSanai nepiecieSamo
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izejvielu ierobezojumi, nosakot maksimalo apjomu. Jo faktiski izmantotais izejvielu apjoms ir
tuvak maksimali pieejamajam, jo mazaka ir potencialo biometana razotaju vélme pieteikties
atlaujam jaudu palielinaSanai vai jaunu jaudu ievieSanai.

B Piemaksas apjoms [ Dabasgazes cena

e Biometana raZzosanas izmaksas

Izejvielu
pieejamiba

=
S
=
S
o
S
w
Laiks
4.8. attels. Piemaksu atbalsta mehanisma princips, kad biometana razotajam ir
garant€ti ienakumi un piemaksa mainas ka funkcija no dabasgazes tirgus cenas.
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apjoma limits pieskirSanas
modulis
Vélme investét
Y
>
" Y
NepiecieSama . ~ .
Dabasgazes tirgus ~ Biometana razotnu
< cenas Iimenis > Al ap.rel,(lna modulis
modulis

t

Pieejama atbalsta apjoms

<Saraiotais biometana apjoms >

>

4.9. attels. Modela kopgjas struktiiras shéma.

Ieinteresétas puses (investori un razotaji), zinot Sos nosacijumus un noteikti nemot véra
izejvielu pieejamibu (lauksaimniecibas zemes, lopkopibas vai sadzives atkritumus), izrada
velmi investét biometana razotn€ (skat. 4.9. att€lu). Jo atbalsta mehanisms ir droSaks un
uznemejam ir iespeja stradat bez zaudéjumiem, un izejvielas ir brivak pieejamas, jo biometana
nozare sak attistities straujak, palielinas sarazota biometana apjoms un izmaksata atbalsta
apjoms. Samazinoties pieejamajam izejvielu daudzumam vai atbalsta mehanismam kliistot
nepastavigam un neprognozg&jamam, vélme investét samazinas, 1idz ar to sakas arT biometana
nozares stagnacija, saraZzota biometana apjoms nepieaug, un tiek izmaksatas mazakas atbalsta
summas. Savukart noteiktais kopgja atbalsta maksimalais apjoms un izvE€l&tais atbalsta
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mehanisms ir saistits ar nepiecieSama atbalsta aprékina moduli, kas nem véra ar1 dabasgazes
tirgus cenas limeni, secigi ietekmé ar1 sarazota biometana apjomu un lidz ar to ar1 izmaksata
atbalsta apjomu. Savukart sarazotais biometana daudzums un lidz ar to ar1 izmaksatas atbalsta
summas tiesi ietekmé raZoSanas atlauju izsnieg§anas mehanismu.

Modeli ietverta potencialo investoru, biometana razotaju un politikas veidotaju riciba
un mijiedarbiba, kas nosaka sisttmas dinamisko uzvedibu. Modeléta sistéma sastav no
vairakam dalam:

- Biometana razoSanas un piegades atbalsta mehanisma modula;

- VAA aprekiniem, kas ietver ar biometana stacijas biivniecibu un pieslégumu
dabasgazes tiklam saistitas izmaksas un dabasgazes cenu dinamiku;

- Latvija maksimali ieglistama biometana apjoma aprékiniem;

- Izejvielu cenu aprékiniem un biogazes zemaka sadegSanas siltuma aprékiniem.

Izmantojot strukttiru, kas paradita 4.3. attela, tika izveidots SD modelis biometana
razoSanas un piegades atbalsta mehanisma imitacijas aprékiniem. Biometana atbalsta
mehanisms ir veidots 1idzigs eso$ajam biogazes kogeneracijas atbalsta mehanismam (skat.
4.10. attelu, [148]). Modela struktira ietilpst dalas, kas saistitas ar biometana razoSanas atlauju
pieskirSanas politiku un biometana raZzoSanai nepiecieSamo iekartu un buvju celtniecibas
dinamiku. Sis dalas ir modelétas ka atlauju pieskirSanas, biometana razoSanas iekartu,
izmaksajama atbalsta aprékina un maksimali ieglistama biometana apjoma aprékinu
lidzplismas un krajumi.

Atbalsts biogazes CHP
sarazotajai

Starpiba starp pieejamo elektroenergijai

atbalsta maksimalo apjomu

Kopgja atbalsta un izmaksato atbalsta apjomu

maksimalais apjoms

Biometana vienibas
razosanas izmaksas

+

A lzmaksata ot
Pieskirtas atbalsta
atlaujas apjoms

Q +

VAA
Sarazota
biometana apjoms

Dabasgazes

* Darbiba eso$as * tirgusgcena
Vélme investét jaudas
~_.
+ 3\ Izejvielu
pieejamiba

4.10. attels. Celonisko cilpu diagramma, kas paskaidro biometana razoSanas un
piegades atbalsta mehanisma struktiiru [148].

Izstradajot biometana razoSanas un piegades atbalsta mehanisma modeli, tika izteikta
hipotéze, ka izveidotais atbalsta mehanisms ir stabils un ilgtsp€jigs, t.1., nodroSina, ka
izmaksata atbalsta kop€jais apjoms neparsniedz politiski noteikto kop&jo maksimalo atbalsta
apjomu, bet vienlaikus izmanto to pilniba. Atbalsta mehanisms pozitivi ietekm€ sanemto atlauju
skaitu, palielinot atlauju pieskirSanas atrumu. Palielinas ar1 darbiba esoSo jaudu apjoms, ko
ietekm& v€lme investét un ierobezo resursu pieejamiba, un palielinas sarazota biometana
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apjoms, palielinot ar1 izmaksajama atbalsta apjomu. Dabasgazes tirgus cena tieSi ietekmé
izmaksajama atbalsta apjomu — dabasgazes tirgus cenai kritoties, izmaksajama atbalsta
maksajuma summa (starpiba starp biometana razoSanas izmaksam un dabasgazes cenu)
palielinas un otradi. Kad ir sasniegts noteiktais izmaksajama kop&ja maksimala atbalsta apjoms,
tiek ierobeZota jaunu raZoSanas atlauju izsniegSana.

Ar izveidota modela palidzibu var analiz€t un paredzet realas sistémas uzvedibu un
izmainas laika un, atkariba no dazadiem politikas instrumentiem, var parbaudit un noteikt
faktorus, kas maina visa atbalsta mehanisma rezultatu. Pieméram, ka biometana razoSanas un
piegades sist€tmu ietekme izejvielu pieejamiba un cena vai arl kada loma atbalsta mehanisma
darbiba ir biivniecibai atvélétajam laikam vai atbalsta maksajumu perioda ilgumam u. c.
Parametri un faktori, kas iestradati modeli un kurus var ietekmét politikas veidotdaji un
biometana razotaji, paraditi 4.11. att€la. Lidz ar to loti svarigi bija ripigi izstradat modela
strukttiru, kas pec iesp&jas labak raksturotu un prognozetu reali eksist€josa atbalsta mehanisma
darbibu, ieklaujot visus bitiskakos sist€émas elementus un raksturigas tieSas un atgriezeniskas
savstarpgjas saites, nevis izmantot precizas skaitliskas vertibas, kas biezi vien nav pieejamas
informacijas trukuma del.

Piedavata biometana razoSanas un piegades atbalsta mehanisma scenariju izstradei tika
izmantots sakotn&jais biogazes kogeneracijas staciju atbalsta modelis, veicot izmainas ta
struktira (modelis papildinats ar parametriem, kuru apraksts sniegts talak teksta).
Modelaizveide izmantoti Ekonomikas ministrijas, SPRK un statistikas dati un aprékinu rezultati
par biogazes CHP saraZzoto elektroenergijas apjomu, izejvielu pieejamibu Latvija, par
normativajos aktos noteiktajiem un literatiira pieejamajiem datiem par raZotnes buvniecibai
nepiecieSsamo laiku, par biogazes un biometana razoSanas izmaksam, taja skaita par
kapitalizmaksam biogazes un biometana raZoSanai, par caurulvada izbiives izmaksam,
dabasgazes cenas izmainam laika [65, 82, 83,97, 101, 119-124, 128-130] u. c.

4.5.3. Modela bazes scenarija apraksts

Sistemdinamikas modelis izveidots, izmantojot Powersim Studio 8 programmatiiras
platformu. Modela imitacijas aprékinu periods ir izvélets no 2017. Iidz 2030. gadam, laika
solis — 0,1 gads.

Modeléta sisteéma neietver biometana gala patérétaju uzvedibu — siltuma vai elektribas
razosanu no biometana, vai biometana izmanto$anu transporta sistéma (skat. 4.11.attelu).

e S e R ),
| Politikas veidotaji | |( Gala paterétaji
pieejamiba || Atbalsta ! riipnieciba,
- | Buvnlgc(jlbas Atbrglzta Atbg(ljsta maksimalais : energgtika,
|zejvielu cena : periods periods velds apjoms ) | transporta,
| | || lauksaimnieciba,
Dabasgazes |, _ _ _ | || majsaimniecibas,
cena I Vélme investét | pakalpojumu
— \ ’ sektora
Biometana |
razosanas I Jaudu Attalums I1dz | |
tehnologiju | izmanto$ana — dab_asgazes : Modelétas
izmaksas | \darba stundas tiklam : sistemas
. - . v | Razotajs ) robezas
\Biometana razosana ~_ _ _ _ _ __ __ _ _ _ _ _ y

4.11. attels. Biometana razoSanu ietekmgjosie faktori un parametri, un sistémas robezas.
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4.5.3.1.Biometana raZoSanas un piegades atbalsta mehanisma modulis

Veiksmiga biometana nozares attistiba ir atkariga no piemeérota — stabila un pietickami
ilglaiciga — atbalsta mehanisma, Iidz ar to biometana razoSanas un piegades atbalsta mehanisma
modulis ir galvena §a sistémdinamikas modela dala. Pargjas SD modela dalas — aprékini — ir
veidotas ta, lai nodroSinatu veiksmigu atbalsta mehanisma ievieSanu. Ar §a8 SD modela
palidzibu tiek novertéts atbalsta mehanisma — vid€ja uz vienu biometana vienibu izmaksajama
atbalsta apjoma (VAA) ietekme uz Latvijas energétikas attistibu, t. i., biogazes un biometana
nozares attistibu.
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O—= = 50
O somesme e
Bivniecba eso$as Darbba esosas
jaudas jaudas ar atbalstu O Jaudu dala bez
<> atbalsta
Bivniecibas laiks
Darbibas
turpina$ana bez|}
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Atlauju ™.
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f ) Z N ~7 [XQ
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1 4 Bez atbalsta
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" biometans Tehniskais
Vélama atlauju Investicijam kalpo$anas
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Siai L1
Resursu szcr)gg?e:?s Ar attv)alsltu
L . . sarazotais g
pieejamibas biometana tilpuma biometans
ietekme uz velmi apjoms A4
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biometana dala ieglstamais
no maksimali biometana
iespéjama energijas apjoms

4.12. attels. Biometana raZzoSanas un piegades atbalsta mehanisma sistémdinamikas
modela razotnu modulis (krajumu-plismu diagramma).
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Modelgjot biometana razoSanas un piegades atbalsta mehanismu, pienemts, ka:

- izmaksajama kopéja atbalsta maksimalais apjoms ir 40 miljonu eiro gada, kas
aptuveni atbilst 2013. un 2014. gada biogazes stacijas razotajai elektroenergijai
izmaksatajam subsidiju (atbalsta virs tirgus cenas) apjomam saskana ar
Sabiedrisko pakalpojumu reguléSanas komisijas noteikto obligata iepirkuma
komponenti [149]. Modelis lauj definét ar1 citu kop&ja atbalsta maksimalo
apjomu, un tas var biit arT laika mainigs (ka tas ir aprakstits nakamajas sadalas),
un modelét vélamo atlauju pieskirSanas dinamiku, t.1i., noteiktais kopgjais
atbalsta maksimalais apjoms neietekmé modela principialo darbibu;

- velme investet (VI) ir 0,75, t. 1., 75 % no iznemtajam atlaujam tiek novestas lidz
realam investicijam razos$anas jaudas;

- investicijam atlautais laiks (IAL) ir divi gadi;

- biivniecibai paredzetais laiks (BPL) ir 1,5 gadi;

- uzstaditas jaudas izmantoSanas stundu skaits ir 7500 stundu gada;

- iekartu tehniskais kalpoSanas ilgums (TKI) ir 20 gadu;

- atbalsts tiek maksats 10 gadu (atbalsta periods - AtbP);

- péc atbalsta perioda beigdm puse no razotn€m turpina razot biometanu.

Biometana razoSanas un piegades atbalsta mehanisma sistémdinamikas modela razotnu
moduli ir Cetri krajumi ar attiecigajam plismam (skat. 4.12. att€lu): krajums "Pieskirtas
atlaujas" un atlauju pieskirSanas un anuléSanas pliismas, ka ar1 pliisma, kas atspogulo katru gadu
izsniegtas atlaujas ar sekojosam investicijam; un krajums "Bivnieciba esosas jaudas" un
"Darbiba esosas jaudas ar atbalstu", ka arT krajums "Darbiba esosas jaudas bez atbalsta" ar jaudu
biivniecibas uzsakSanas, nodoSanas ekspluatacija, atbalsta partraukSanas, darbibas turpinasanas
bez atbalsta un jaudu izveSanas no ekspluatacijas plismu.

Krajumi "Pieskirtas atlaujas" (PA) un "Biivnieciba esos$as jaudas" (BEJ) raksturoti
attiecigi ar 4.1. un 4.5. formulu. Atlauju pieskirSanas plismu (4P) biometana atbalsta
mehanisma modeli ietekmé divi papildus ieviesti jauni parametri: "v€lamais atlauju
pieskirSanas" lielums un tas, ka resursu pieejamiba ietekm€ v€lmi iznemt atlaujas:

AP = VAP X RPI, 4.9.)

kur VAP — vélama atlauju pieSkirSana, MW gada;

RPI — resursu pieejamibas ietekme uz veélmi iznemt atlaujas; pienemts, ka, samazinoties
pieejamo resursu apjomam, samazinas ari vélme sanemt atlaujas jaudu palielinaSanai vai jaunu
jaudu ievieSanai (skat. 4.13. att€lu).

Atlauju anul@Sanas pliisma parada tas atlaujas, kas tiek atceltas, ja netiek realizetas
investicijam atlautaja laika:

AA = MIN(PA; DELAYPPL(AP x (1 — VI);IAL;0)), (4.10.)
kur  DELAYPPL - "konveijera" veida nov€lojuma funkcija.

Savukart krajumu "Darbiba eso$as jaudas ar atbalstu" ietekm€ viena ieejosa un viena
izejosa pliisma:

DEJaA(t) = ft’; [INE(s) — JAP(s)]ds + DEJaA(t,), @.11)
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4.13. attels. Resursu pieejamibas ietekme uz veélmi sanemt atlaujas jaudu
palielinasanai vai jaunu jaudu ievieSanai.

kur  DEJaA — darbiba esosas jaudas ar atbalstu, MW;
JAP — jaudu atbalsta partrauksana, MW gada.

JAP = MIN(DEJaA; DELAYPPL(JNE; AP; 0)), (4.12))

Ar1 krajumu "Darbiba esosas jaudas bez atbalsta" ietekme viena ieejosa un viena izejosa
plisma:

DEJbA(t) = ffo [DTbA(s) — JIE(s)] ds + DEJbA(t,), (4.13)

kur  DEJbA — darbiba esosas jaudas bez atbalsta, MW;
DTbA — darbibas turpinasana bez atbalsta, MW gada.

DTbA = JAP X JDDA, (4.14))

kur  JDbA — jaudu dala bez atbalsta, pienemts 50 %.
JIE = DEJbA/ATKI, (4.15.)

kur  ATKI — atlikusais tehniskais kalpoSanas ilgums.

ATKI = TKI — AtbP, (4.16.)

kur  AtbP — atbalsta periods, pienemts 10 stundu.

No krajuma "Darbiba esosas jaudas bez atbalsta" veidojas atgriezeniska saite uz atlauju
pieskirSanas plismu (skat. 4.12. att€lu) — tiek aprékinats kopgjais (ar un bez atbalsta) sarazota
biometana apjoms un, nemot véra Latvija maksimali ieglistama biometana apjoma aprékinus,
tiek noteikta sarazota biometana dala no maksimali iesp&jama, kas savukart veido saikni ar
lielumu "Resursu pieejamibas ietekme uz vélmi iznemt atlaujas" un regul@ atlauju pieskirSanas
plusmu.
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4.14. attels. Biometana razoSanas un piegades atbalsta mehanisma sistemdinamikas
modela atlauju pieSkirSanas modulis vélamo pieskirto atlauju aprékinam.

Velamo atlauju pieskirSanas apjomu nosaka (skat. 4.14. attelu), nemot véra jau pieskirto
atlauju apjomu, ka arT aprékinot vélama ar atbalstu saraZzota biometana apjomu, kas atkarigs no
politiski noteikta kop&ja maksimala atbalsta apjoma un nepieciesama VAA maksajumu apjoma.
Moduli ir nemtas véra ari esoSo biogazes kogeneracijas staciju uzstaditas elektriskas jaudas, to
sarazotais elektroenergijas apjoms un Iidz ar to arT Sai energijai paredzgetais un vél noteiktu laiku
izmaksajamais atbalsta apjoms. Atlauju pieSkirSanas moduli ir pienemts, ka:

- atlauju pieskirSanas ilgums (API) ir 1 gads;

- buvnieciba esoSo jaudu korekcijas laiks ir 1 gads;
- un darbiba esoso jaudu korekcijas laiks ir tris gadi.
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4.15. attéls. Videja uz | MWh izmaksajama atbalsta apjoma (VAA) aprékina modulis.
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4.5.3.2.Piemaksas pie saraZotas biometana energijas aprékinu dala

Vidgja uz vienu biometana vienibu izmaksajama atbalsta apjoma (VAA) aprékinu
modela dala ietver ar biogazes stacijas bivniecibu, biogazes razoSanu, attiriSanu un ar
pieslégumu dabasgazes tiklam saistitas izmaksas, ka ar1 dabasgazes cenas dinamikas dalu (skat.
4.15.attelu). VAA apréekinats laika periodam no 2015. gada Iidz 2030. gadam. Diskonta likme
12 % gada; atbalsta perioda ilgums ir pienemts 10 gadu. Aprékinata vid€ja uzstadita jauda ir
549 m3/h un pienemts, ka uzstaditas jaudas tiek izmantotas 7500 stundu gada. Pienemts, ka
siltuma razoSanai ir nepiecieSami 3 % no sarazotas biogazes un gazes zudumi razoSanas laika
ir 2 % [145].

Reékinot VAA, ir izdarits pien€mums, ka Ipatn€jo investiciju izmaksas laika gaita
samazinasies gan biogazes razotném (skat. 4.16. att€lu), gan arT biogazes attiriSanas procesam
(skat. 4.17. attelu) tehnologiju attistibas, izplatibas un pieejamibas d€l. Biogazes stacijas
sakotngjas (2015. gada) Tpatngjas investicijas ir aprékinatas 13 001 EUR/kW, bet perioda beigas
(2030. gada) tas butu 12292 EUR/kW. Savukart biogazes attiriSanas sakotngjas Ipatngjas
investicijas ir aprékinatas 3116 EUR/kW, bet perioda beigas — 2590 EUR/kW.

Teritorialais biogazes razotnu un attiriSanas iekartu izvietojums pétijuma netika nemts véra, bet
modeli, rékinot nepiecieSamas investicijas, biometana ievadiSanai dabasgazes tikla, ir paredzeta
gazes caurulvada biivnieciba vidgji 18 km garuma (vienai stacijai), kas ir aprékinatais vid€jais
attalums no razotnes lidz dabasgazes caurulvadam, nemot veéra darbiba esoso biogazes razotnu
izvietojumu [97]. Dabasgazes caurulvada izbtives vidgjas izmaksas ir pienemtas 55 EUR/m

[101].
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4.16. attéls. Ipatngjo investiciju biogazes stacijas izmainas laika (noraditie kW ir
uzstadita biogazes razoSanas jauda).
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4.17. attels. Ipatngjo investiciju biogazes attirisana izmainas laika (noraditie kW ir
uzstadita biogazes razosanas jauda).
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Izejvielu cenas aprekini un biogazes zemaka sadegSanas siltuma un metana iznakuma
aprékini aprakstiti aprakstiti 4.4.3.4. apaksnodala, bet biometana zemakais sadegSanas siltums
pienemts 35,9 MJ/Nm? [150]. Aprékinats un pienemts, ka ekspluatacijas izmaksas biogazes
razo$anai ir 11,78 EUR/MWh, bet biometana razoSanai tas ir 5,02 EUR/MWh.

4.5.3.3.Latvija iegiistama maksimala biometana apjoma novértejums

Latvijas apstaklos maksimali ieglistama biometana apjoma aprékini veikti izmantojot
Centralas statistikas parvaldes apkopotos datus [151] par liellopu, ciiku, aitu, kazu un majputnu
kopskaitu, iedzivotaju skaitu Latvija 2013. gada, platibu, kada 2014. gada Latvija ir audzeta
zalbariba un kukuriiza, ieglito skabbaribas apjomu, un Eurostat datus [152] par 2013. gada
radito atkritumu apjomu. Latvija ieglistama maksimala apjoma noveért€§jums principiali
neietekmé modela darbibu un ir mainams robeznosacijums.

Visu $aja apakSnodala aprakstito krajumu — dzivnieku (liellopu, ctku, aitu, kazu un
vistu) skaits, lauksaimniecibas kultiiru (parsvara kukuriizas) platibas un atkritumu apjomu —
ietekmé viena ieejo$a un viena izejoSa plisma. Pieméram, krajumu "Cuku skaits" ietekme
plusmas "Ciiku picaugums" un "Ciiku samazinajums":

Cac(©) = [[CP(s) = Cs()] ds + Cac (£, (4.17)

kur  Cs — ciiku skaits, galva;
Cp — ctuku pieaugums, galvas gada;
Cs — cuku samazinajums, galvas gada.

4.1. tabula

Dati no dzivnieku mésliem ieglistama maksimala biometana apjoma aprékiniem

Dzivnieki Dzivnieku kopskaits Metana koncentracija Galvu skaits viena

Latvija 2013. gada meéslos, % dzivnieku vieniba*
[151]

Liellopi 412 887 60 1

Cukas 364 807 65 3

Aitas 98 383 60 7

Kazas 13 605 60 7

Vistas 5037 600 60 250

* _ 1 dzivnieku vieniba = 500 kg = 1,3 m> biogazes diena [153]

No dzivnieku mésliem maksimali ieglistama biometana apjoms aprékinats péc
formulas:

BMAg, = BGgyyy/GS4zw X Dzg X MK, kur (4.18.)

kur  BMAq, — ieglistamais biometana apjoms no dzivnieku mésliem, m* gada;
BGuv — biogazes apjoms gada no vienas dzivnieku vienibas, m*/galva gada;
GS4zv — galvu skaits viena dzivnieku vieniba, galva;
Dzsk. — dzivnieku kopskaits, galva;
MK — metana koncentracija dzivnieku méslos, %.
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4.18. attéls. No ciikkopibas iegiistama biometana apjoma (m* gada) aprekini.
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4.19. att&ls. No kukuriizas skabbaribas ieglistama biometana apjoma (m>/gada)
aprekini.

No dzivnieku mesliem maksimali ieglistama biometana apjoma aprékiniem izmantotie
dati apkopoti 4.1. tabula. Modela piemérs no ciikkopibas ieglistama biometana apjoma
(m® gada) aprekiniem paradits 4.18. attla.

No skabbaribas maksimali ieglistama biometana apjoms aprékinats péc formulas:

BMASb =SXRXBGSbXMK, kur (419)

kur  BMAs, — iegiistamais biometana apjoms no skabbaribas, m® gada;
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S — platiba, no kuras iegust skabbaribu, ha;

R —raziba, t/ha;

BGsb — biogazes apjoms gada no vienas tonnas skabbaribas, m*/t gada;
MK — metana koncentracija skabbariba, %.

Latvija 2014. gada kukurtizas skabbaribu kopuma ieguva no 21,7 tiikst. ha lielas platibas

un no 1 ha kukuriizas ieguva ~30 t skabbaribas. Biogazes iznakums no kukuriizas skabbaribas
ir 202 m?/t un metana koncentracija kukuriizas skabbariba ir 52 % [153]. Modela piemérs no
kukuriizas skabbaribas ieglistama biometana apjoma (m> gada) aprékiniem paradits 4.19. attéla.

No biodegradéjamiem sadzives atkritumiem maksimali iegiistama biometana apjoms

aprekinats péc formulas:

kur

BMA . = leSk x Atkr X BG,uq X MK, kur (4.20.)

BMAawr — iegiistamais biometana apjoms no atkritumiem, m* gada;
leSk — iedzivotaju skaits

Atkr — atkritumu apjoms uz vienu cilvéku, t;

BGair — biogazes apjoms gada no vienas tonnas atkritumu, m*/t gada;
MK — metana koncentracija atkritumos, %.

Latvija 2013. gada bija 2023825 iedzivotaju, katrs radija videji 0,312 t atkritumu.

Biogazes iznakums no organiskajiem atkritumiem ir 100 m®/t un metana koncentracija ir 61 %
[153]. Modela piemérs no atkritumiem iegiistama biometana apjoma (m’ gada) aprekiniem
paradits 4.20. attela.

kur

Maksimali iegilistamais biometana energijas apjoms aprékinats péc formulas:
BMEA = (BMAgy, + BMAg, + BMA 1) X LHVgy, kur (4.21.)

BMEA — ieglistamais biometana energijas apjoms, GWh gada.
LHYV3BM — biometana zemakais sadegSanas siltums, MWh / 1000 m°.

Atkritumi <>\ <> ledZivotaii
\\ ,(
/

Atkritum\%apjoms

Raditie atkritumi Parstradatie atkritumi

Biogaze no Biogazes apjoms no
atkritumiem atkritumiem

Biometans no Metana koncentracija -
atkritumiem atkritumi

4.20. attels. No biodegradéjamiem sadzives atkritumiem iegiistama biometana apjoma
(m® gada) aprekini.
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Biometans no aitam
un kazam

Biometans no r ! Biometans no vistam
liellopiem

Biometans no cikam

Maksimali
ieglstamais
Biometans no biometana tilpuma
atkritumiem apjoms

Biometans no
zalbaribas un

skabbaribas
. = . 1
Biometana zemakais Maksimali
sadeg8anas siltums L ieglstamais
biometana energijas
apjoms

4.21. atte€ls. Maksimali ieglistama biometana energijas apjoma (GWh gada) aprekini.

Maksimali ieglistama biometana energijas apjoma aprékinu modelis paradits
4.21. attela. Aprekinu formulas ir dotas 8. pielikuma.

4.5.3.4.1zejvielu cenu aprekini un biogazes zemaka sadegSanas siltuma aprekini

Veicot izejvielu cenas aprékinus (skat. 4.22. att€lu), pienemts, ka kiitsmeslu cena ir
8 EUR/t un skabbaribas cena ir 25 EUR/t. Biogazes iznakums no kiitsmésliem ir 25 m*/t un no
skabbaribas — 172 m*/t [153]. Saskana ar MK noteikumiem Nr. 268 (16.03.2010.), atbalstiti tiek
tie komersanti, kas nodroSina energijas razoSanu no lauksaimnieciskas vai mezsaimnieciskas
izcelsmes biomasas, paredzot pardot biogazes kogeneracijas veida sarazoto elektroenergiju. Ar
biogazi saprot anaerobas fermentacijas procesa iegltu gazi, ja dzivnieku izcelsmes
blakusprodukti un atvasinatie produkti, kas nav paredzeti cilvéku patérinam, veido vismaz 30 %
no izejvielam fermentacijas procesa nodroSinasanai [ 154]. Pienemts, ka biogazes razosana tiks
izmantoti 60 % kitsmeslu un 40 % skabbaribas. Aprekinats, ka iesp&jama izejvielu cena ir
aptuveni 31 EUR/MWh. Aprékinu formulas ir dotas 8. pielikuma.

Biogazes zemaka sadegSanas siltuma aprékinos pienemts, ka metana iznakums no
kiitsmesliem ir 60 % un no skabbaribas 54 % [153], un biometana zemakais sadegSanas siltums
pienemts 35,9 MJ/Nm® [150]. aprekinats, ka biogazes zemakais sadegSanas siltums ir
5,744 MWh / 1000 m>. Aprekinu formulas ir dotas 8. pielikuma.
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Kdtsmeéslu cena -  Skabbaribas cena -
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- Biogazes iznakums
Izejvielu cena - m3 _ o
no katsmeésliem

Katsméslu saturs

Biogaze no
katsmeésliem

lzejvielu cena

r Biogaze - MWh no
‘ tonnas
L Biogaze
Biogazes zemakais

sadegSanas siltums

Skabbaribas saturs

Biogazes iznakums

. no skabbaribas
Biogaze no
skabbaribas

4.22. attels. Izejvielu cenas (EUR/MWh) aprekini.

4.5.4. Biometana raZoSanas un piegades atbalsta mehanisma modela imitacijas aprekini

Izveidoto modeli var izmantot zinatnieki un energijas politikas izstradataji, lai analiz&tu
biometana atbalsta sisteémas investiciju dinamiku un tas radito biometana razoSanas apjomu gan
atkariba no biometana razoSanai pieskirtajam subsidijam, gan arl no atbalsta mehanisma
struktiras. Izstradata biometana razosanas un piegades atbalsta mehanisma struktiira un ta
raditas problémas, galveno dalu savstarp€ja mijiedarbiba ar atgriezeniskajam saiteém paradita
4.10. attela.

405

== Kopé€ja atbalsta maksimalais apjoms
== Atbalsts biogazes CHP saraZotajai elektroenergijai
Atbalsta maksajumi biometana razoSanai

MEUR

== Kopéjie atbalsta maksajumi

gads

4.23. attels. Izstradata atbalsta mehanisma izmaksas.
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mm Ar atbalstu saraZotais biometans
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mm Biogazes CHP saraZotais elektroenergijas apjoms

2020

2025 2030
gads

4.24. attels. Sarazotais biometana un biogazes kogeneracijas stacijas sarazotas
elektroenergijas apjoms.

Modela imitacijas aprékinu rezultati parada, ka galvenie parametri, kas ietekmé atbalsta
mehanisma stabilitati, ir atgriezeniskas saites, kas saista kop&jos biometana atbalsta
maksajumus, pieskirto atlauju skaitu, izsniegta kop&ja maksimala atbalsta apjomu, velmi
investét razotnes izveidg€, resursu pieejamibu, ka ar1 nobides laika, ko izraisa atgriezeniskas
saites. Rezultati liecina, ka gadijuma, ja tiek ieviesta FIP atbalsta sist€éma, biometana razoSanas
nozare sakotngji attistitos 1€nak un atbalsta izmaksajama summa neparsniegtu noteikto limitu
(skat. 4.23. att€lu) un neradttu sistéma svarstibas. Turklat, pateicoties FIP atbalsta mehanisma
ievieSanai, 2030. gada saraZotais biometana apjoms var sasniegt 500 GWh (skat. 4.24. attelu)
ar izmaksajamo atbalstu ~68 EUR/MWh.

4.6. Scenariju analize

Lai noteiktu, ka sarazoto biometana un kopgja izmaksata atbalsta apjomu, ka ar vid€jo
atbalsta apjomu uz 1 MWh biometana ietekmé investicijam atvéletais laiks (t. i., laika periods,
kops atlaujas pieskirSanas, kura jauzsak razotnes biivnieciba; ja Saja laika perioda razotnes
biivnieciba netiek uzsakta, atlauja tiek anuléta), atbalsta periods (t. 1., laika periods, kops
razotnes nodosanas ekspluatacija, kura tiek maksats atbalsts par sarazoto biometanu) un atbalsta
maksimalais apjoms (kop€ja naudas summa gada, kas tiek maksata ka atbalsta maksajums par
sarazoto biometanu un eso$ajas biogazes elektrostacijas sarazoto elektroenergiju), tika analiz&ti
astoni atbalsta mehanisma scenariji. Scenariju analize veikta, lai izvéletos atbalsta mehanismam
pieme&rotakos apstaklus — pec iesp&jas lielaks sarazota biometana apjoms, mazaks kopgjais
izmaksajama atbalsta apjoms un mazaks vidgjais atbalsta apjoms uz 1 MWh biometana. Bazes
scenarija (skat. 4.2. tabula scenarijs Nr. 0) pienemts, ka investicijam atveletais laiks ir divi gadi
un laika periods, kura uznéméjam ir tiesibas pardot sarazoto elektroenergiju obligata iepirkuma
ietvaros, ir 10 gadu (Sie abi laika periodi ir noteikti speka esosajos normativajos aktos — [124,
155, 156]), un kopgja atbalsta maksimalais apjoms ir 40 miljonu eiro gada. Mainot Sos tris
parametrus, ir izstradati pargjie atbalsta mehanisma scenariji. Visu astonu scenariju parametri
un iegiitie rezultati apkopoti 4.2. tabula. Pienemti sekojosi parametru vértibu diapazoni:
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investicijam atvé€letais laiks: divi un tris gadi (1 gads biitu parak iss laika posms
nepiecieSamo ar biivniecibu saistito dokumentu nokartoSanai un biivniecibas
uzsaksSanai, savukart Cetri gadi ir parak liels laika posms, kas apgriitinatu
projektu attistibas uzraudzibu, tap&c $adi scenariji netika verteti);
atbalsta perioda ilgums: 10 un 15 gadu (ja atbalsta maksajumu periods ir 1saks
par 10 gadiem, tas nerada uznéméjos stabilitates sajiitu un uzticibu politikai, ka
ar1 palielina nepiecieSamo atbalsta apjomu uz 1 MWh biometana, jo investiciju
atmaksaSanai paredz€tais laika periods biitu mazs; savukart 20 gadu atbalsta
maksajumu termins$ atbilst iekartu tehniskajam kalpoSanas laikam, kas var radit
risku, ka iekartas nenokalpo visu atbalsts periodu);
savukart kopgja atbalsta maksimalais apjoms ir nemainigs vai ari, ja valsts
ekonomiska situacija to atlauj, tad kopgjais atbalsta maksajumu apjoms katru
gadu palielinas par 1,5 % no kopgja atbalsta apjoma (kas biitu nedaudz mazaks
ka iesp&jamais vid€jais iekSzemes kopprodukta ikgad€jais pieauguma temps
ilgaka laika perioda).

4.2. tabula

Atbalsta mehanisma scenariji un to rezultati

Scenarija Nr.

0

1

2

3

4 5

Investicijam atvéletais
laiks, gadi

Atbalsta periods, gadi

10

15

10

15

Kopgjais maksimalais
atbalsta apjoms,
MEUR/gada

40

40+

40

40+

40 40+

40

40+

Rezultati

2030. gada sarazotais
biometana apjoms,
GWh/gada

499,3

587,2

630,1

740,1

498,9 | 586,9

629,9

740,0

Aprekinu perioda
kopégjais sarazotais
biometana apjoms,
GWh

2845

3269

3436

3945

2854 | 3278

3447

3958

2030. gada atbalsta
maksajumi biometana
razoSanai, MEUR gada

38,03

44,68

41,05

48,05

38,02 | 44,68

41,07

48,07

Aprékinu perioda
kopgjais izmaksatais
atbalsts biometana
razoSanai, MEUR

231,69

265,70

236,23

270,56

232,51 | 266,67

237,09

271,57

Vidgjais uz biometana
energijas vienibu
izmaksatais atbalsts,
EUR/MWh

81,43

81,28

68,76

68,58

81,47 | 81,31

68,79

68,61

(*) — Ikgadgjs kopgja atbalsta maksimala apjoma pieaugums
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Scenariju rezultati parada, ka vislielakais 2030. gada sarazota biometana apjoms —
740 GWh/gada, ka ar1 vislielakais laika perioda Iidz 2030. gadam visa aprékinu perioda
kopg@jais sarazotais biometana apjoms — 3945 GWh vai 3958 GWh bitu attiecigi 3. un
7. scenarija gadijuma. Ja scenariji tiek vertéti nevis péc lielaka sarazota biometana apjoma, bet
gan p&c mazaka izmaksata atbalsta apjoma, tad vispiemérotakie atbalsta mehanisma noteikumi
biitu 0. un 4. scenarija gadijjuma. Bazes scenarija gadijuma 2030. gada saskana ar modela
aprékiniem atbalsta maksajumi biitu 38,03 miljonu eiro, bet visa aprékinu laika perioda lidz
2030. gadam kopuma atbalsta maksajumos biitu izmaksati 231,69 miljonu eiro (skat.
4.2.tabula). Savukart 4. scenarija gadijuma atbalsta maksajumi biitu 38,02 miljonu eiro, bet visa
laika perioda Iidz 2030. gadam kopuma bitu izmaksati 232,51 miljonu eiro. Vismazakais
izmaksata atbalsta apjoms skaidrojams ar to, ka atbalsta perioda ilgums ir 10 gadu. Kaut gan 2.
un 6. scenarija gadijuma, kad atbalsta perioda ilgums ir 15 gadu, un kopg€;ja atbalsta maksimalais
apjoms ir nemainigs, kop&jais izmaksatais atbalsta apjoms ir tikai par aptuveni 0,4 % lielaks
scenarija, ja investicijam atveletais laiks ir tris, nevis divi gadi. Samera neliela kop€ja izmaksata
atbalsta apjoma starpiba, ja atbalsta periods tiek palielinats no 10 uz 15 gadiem, skaidrojama ar
to, ka ilgaka atbalsta perioda gadijuma samazinas vid&jais izmaksatais atbalsta apjoms uz
biometana energijas vienibu. Tiesi scenarijos, kad atbalsta perioda ilgums ir 10 gadu (tas ir 0.,
1., 4. un 5. scenariju gadijuma), vid&jais izmaksatais atbalsts uz biometana energijas vienibu ir
vislielakais (virs 81 EUR/MWh). Bet vismazakais vidgjais izmaksatais atbalsta apjoms uz
biometana energijas vienibu ir scenarijos, kad atbalsta perioda ilgums ir 15 gadu (tas ir 2., 3. 6.
un 7. scenarija gadijuma), kad vid&ja uz vienibu izmaksata atbalsta summa ir mazaka par
69 EUR/MWh.

Analizgjot atbalsta mehanisma scenariju rezultatus, jasecina, ka investicijam atveleta
laika perioda ilgumam — divi vai tris gadi — nav biitiskas ietekmes ne uz sarazota biometana
apjomu, ne uz izmaksata atbalsta apjomu, ne uz vid§jo izmaksato atbalstu uz biometana
energijas vienibu. Ja investicijam atvéletais laika periods ir tris, nevis divi gadi, aprékinu
perioda kopgjais sarazotais biometana apjoms pieaug par aptuveni 0,3 %, kop€jais izmaksatais
atbalsta apjoms ir tikai par aptuveni 0,4 % lielaks un vidgjais izmaksatais atbalsta apjoms uz
biometana energijas vienibu ir par aptuveni 0,05 % lielaks. Sos tris parametrus vairak ietekmé
atbalsta perioda ilgums un noteiktais maksimalais kop€ja atbalsta apjoms. Jo atbalsta periods ir
lielaks, t. 1., 15, nevis 10 gadu, jo lielaks ir sarazota biometana apjoms (kop€jais sarazotais
biometana apjoms palielinas par ~21 %) un zemaks izmaksajamais VAA (vidgjais uz 1 MWh
izmaksajamais atbalsta apjoms samazinas par ~15,6 %). Turklat, ja kopgja atbalsta maksimalais
apjoms katru gadu tiek palielinats, saraZota biometana apjoms ir vél lielaks (pieaug par ~39 %)
un izmaksajamais VAA ir v€l mazliet zemaks (samazinas par ~15,8 %), salidzinot 15 gadu ar
10 gadu ilgu atbalsta periodu ar nemainigu un pieaugosSu kopgja atbalsta apjomu.

Tas ir skaidrojams ar to, ka, pienemot, ka dabasgazes cena ar laiku palielinasies, VAA
samazinasies. VAA samazindjumu ietekm& ari tas, ka ar laiku samazinas Ipatngjie
kapitalieguldijumi tehnologiskajas iekartas to attistibas, izplatibas un pieejamibas dél (ta
saucamais tehnologiju apguves efekts (learning effect) vai tehnologiju apguves likne (learning
curve). L1dz ar to, jo garaks ir noteiktais atbalsta maksajumu periods, jo lielaka biometana dala
tiek saraZota un atbalstita vélaka perioda, kad VAA ir mazaks. Tas pats attiecas ar1 uz scenariju,
kad katru gadu tiek palielinats kopgja atbalsta maksimalais apjoms — lielaks ir biometana
apjoms, kas tiek saraZots zemaka VAA perioda. Papildus $adi atbalsta mehanisma noteikumi —
garaks atbalsta maksajumu periods un garantéts, turklat arT picaugo$s atbalsta maksajumu
apjoms — uznémgéjiem (potencialajiem investoriem un biometana raZzotajiem) rada lielaku
stabilitates sajiitu un palielina v€lmi invest&t Saja AER nozares attistiba.

Ar izstradata SD modela palidzibu aprékinats, ka, ja atbalsta periods butu 20 gadu, kas
ir arT pienemtais iekartu tehniskais kalpoSanas laiks, un kopgja atbalsta maksimalais apjoms ir
nemainigs, 2030. gada sarazota biometana apjoms, salidzinot ar 15 gadu atbalsta periodu,
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pieaug lidz ~693 GWh, t. 1., palielinas par ~10 %, laika perioda Iidz 2030. gadam kopgjais
sarazotais biometana apjoms butu 3747 GWh (pieaug par ~9 %), 2030. gada atbalsta maksajumi
bitu jatere 41,29 miljonu eiro (par ~0,6 % vairak), bet visa aprékinu laika perioda lidz
2030. gadam kopuma atbalsta maksajumos biitu izmaksati 236,77 miljonu eiro (par ~0,2 %
vairak neka gadijuma, ja atbalsta periods ir 15 gadu) un vid€jais izmaksajamais atbalsta apjoms
uz 1 MWh biometana bitu 63,19 EUR/MWh — samazinas par ~8 % (2030. gada VAA bitu
49,35 EUR/MWh). Savukart, ja kop&ja atbalsta maksimalais apjoms katru gadu tiktu
palielinats, tad 2030. gada sarazota biometana apjoms biitu ~814 GWh (pieaug par ~10 %,
salidzinot ar scenariju, kad atbalsta periods ir 15 gadu), laika perioda 1idz 2030. gadam kopgjais
sarazotais biometana apjoms biitu 4303 GWh (palielinas par ~9 %), 2030. gada atbalsta
maksajumi biitu jatereé 48,31 miljonu eiro (par ~0,5 % vairak), bet visa aprekinu laika perioda
11dz 2030. gadam kopuma atbalsta maksajumos biitu izmaksati 271,14 miljonu eiro (par ~0,2 %
vairak) un vidgja izmaksajama atbalsta apjoms butu 63,01 EUR/MWh (samazinatos par ~8 %).
Vidgja atbalsta apjoma uz 1 MWh biometana izmainas un kopé&ja saraZzota biometana apjoma
izmainas atkariba no atbalsta perioda ilguma, ja kop@jais maksimalais atbalsta apjoms ir
nemainigs, vai tas katru gadu tiek palielinats, paraditas 4.25. un 4.26. attela.
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e=mw\/id&jais uz vienibu izmaksatais atbalsts, ja kop€&jais maksimalais atbalsta apjoms ir nemainigs

4.25. attels. Vidgja atbalsta apjoma uz 1 MWh biometana izmainas atkariba no atbalsta
perioda ilguma. (Scenarijs, kad kopgjais maksimalais atbalsta apjoms katru gadu palielinas,
netiek radits, jo atSkiriba ir neliela — vidgjais uz vienibu izmaksatais atbalsta apjoms ir par
~0,2-0,3 % mazaks).

Rezultati liecina par to, ka, nosakot garaku atbalsta maksajumu periodu un palielinot
kopgja atbalsta maksajumu apjomu, saprotams, palielinas sarazota biometana apjoms, turklat
samazinas vidg€jais atbalsta apjoms uz 1 MWh biometana. Ja atbalsta perioda ilgums tiek
palielinats no 10 uz 15 gadiem, tad vidgjais uz vienibu izmaksatais atbalsta apjoms samazinas
par 16 % un kopgjais sarazotais biometana apjoms pieaug par 21 %, neatkarigi no ta vai
kopé€jais maksimalais atbalsta apjoms paliek nemainigs vai tiek palielinats. Savukat, ja atbalsta
perioda ilgums tiek palielinats no 15 uz 20 gadiem, $1s izmainas ir mazakas — vidgjais atbalsta
apjoms uz 1 MWh biometana samazinas par 8 % un kop€jais saraZotais biometana apjoms
pieaug par 9 %.
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4.26. attels. Kopgja sarazota biometana apjoma izmainas atkariba
no atbalsta perioda ilguma.

Lemjot par atbalsta mehanisma nosacijumiem — investicijam atvéléto laiku, atbalsta
maksajumu perioda ilgumu un kopgja izmaksajama atbalsta apjomu — janem véra, ka:

investicijam atvélétajam laika posmam ir jabiit pietiekami garam, lai uzne€mejs
paspé&tu nokartot visas nepiecieSamas formalitates un uzsakt biivniecibu, tomér tam
ir jabiit ar1 pietiekami Tsam, lai tas butu viegli parredzams un varétu sekot projekta
atttstibai. Tap&c viens gads biitu parak 1ss periods, bet, atv€lot investiciju realiz€Sanai
un bivniecibas uzsakSanai tris gadus, nevis divus, netiek panakts butiski lielaks
sarazota biometana apjoms, turklat ne kopg&jais izmaksata atbalsta apjoms, ne arl
vidgjas izmaksajamais atbalsta apjoms biitiski nesamazinas;

atbalsta maksajumu perioda ilgumam ir butiskaka loma gan vidgja izmaksajama
atbalsta apjoma samazinasana, gan sarazota biometana apjoma palielinasana. Turklat
garaks atbalsta maksajumu periods uznémgéjos vies lielaku uzticibu un rada lielaku
velmi investet, kas ir biitisks nozares attistibas faktors. Tomér janem veéra, ka atbalsta
maksajumu perioda ilgumu ierobezo iekartu tehniskais kalpoSanas laiks, ka arf tas,
ka, tehnologijam attistoties, tas klust aizvien izplatitakas un Iidz ar to arT pieejamakas
(samazinas nepiecieSamie kapitalieguldijumi uz vienu jaudas vienibu), un vienlaikus
ar1 energoefektivakas. Saprotams, ka garaka atbalsta maksajumu perioda ir iesp&jams
sarazot vairak biometana par zemaku vid€jo izmaksajamo atbalsta apjomuuz 1 MWh
biometana, tap€c ieteicamais atbalsta maksajumu perioda ilgumam varétu biit 15 vai
pat 20 gadu, kas atbilst atbalsta maksajumu perioda ilgumam arT citas ES valstis
(pieméram, Vacija un Lielbritanija atbalsta periods ir 20 gadu, Niderlande — 12
gadu);

valsts ekonomiska situacija nosaka, kads biis iesp&jamais kopé&jais maksimalais
atbalsta maksajumu apjoms. Ja valsts ekonomiska situacija ir stabila, bet tom&r nav
verojama pozitiva attistiba, ar1 kop€jais ikgad€jais izmaksajamais atbalsta apjoms
butu nemainigs. Bet, ja valsts ekonomiski attistas, tad, lai veicinatu gan nozares
attistibu, gan mazinatu energo-atkaribu no arjiem piegadatajiem, palielinot
biometana razoSanas apjomus, ikgad€jo maksimalo atbalsta maksajumu apjomu ir
velams pakapeniski palielinat. Tomér japiebilst, ka tam, vai kopgjais maksimalais
atbalsta maksajumu apjoms ir nemainigs jeb tiek palielinats, nav butiskas nozimes,
ja tiek vertets vidgjais uz 1 MWh biometana izmaksajamais atbalsta apjoms (skat.
4.25. attelu).
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Nemot véra visus iepriek§ min€tos argumentus, v€lamakais atbalsta mehanisma
scenarijs biitu pie S$adiem nosacijumiem: investicijam atvél&tais laika posms - divi gadi, atbalsta
maksajumu perioda ilgums — vismaz 15 gadu vai vairak un kopgja atbalsta maksimalais apjoms
ir nemainigs (2. scenarijs) vai, ja tas ir iespejams, kop€ja atbalsta maksimalais apjoms katru
gadu tiek palielinats (3. scenarijs).

4.7. Nenoteiktibas noveértéjums

Lai noveérteétu modela galveno rezultatu atkaribu no svarigako neatkarigo parametru
vertibam, ieverojot to nenoteiktibu, veikts izstradata atbalsta mehanisma nenoteiktibas
noverte§jums ar jutibas analizi. Ar jutibas analizes palidzibu noveértéta biitiskaka modela
parametra, ko politikas veidotaji nevar tiesi ietekm@t, — v€lmes investét — ietekme uz $adiem
modela galvenajiem rezultatiem:

- kopgjo aprekinu perioda izmaksato atbalsta apjomu;

- kopgjo sarazota biometana apjomu;

- vidgjo uz 1 MWh biometana izmaksato atbalsta apjomu,
- pieskirto atlauju skaitu.

Lai parbauditu izstradata atbalsta mehanisma noturigumu, 2. atbalsta mehanisma
scenarijam veikts noturibas tests, izmantojot Powersim Studio 8 programmatiiras platforma
pieejamo Latin Hypercube metodi ar maksimalo izSkirtsp&ju 40 atkartojumos. Ar Latin
Hypercube metodi iegiitajam rezultatam 40 atkartojumos ir tads pats ticamibas faktors, ka
Monte Carlo metodei 400 atkartojumos [157]. Aprékinu periods ir no 2017. 1idz 2030. gadam,
laika solis 0,1 gads, izejas parametram "Vélme investét" pienemts vienmérigs sadalijums
diapazona no 0,1 lidz 0,8, jo nav zinams iesp&jamais vertibu sadalijuma veids. Pienemta
parametra "Vélme investet" bazes vertiba ir 0,75. Jutibas analizes rezultati apkopoti 4.3. tabula.

4.3. tabula

2. atbalsta mehanisma scenarija parametru jutibas analizes rezultati

Vidgja 10 25 75 90
veértiba | procentile | procentile | procentile | procentile

Parametrs

Kopgjais aprekinu perioda
izmaksatais atbalsts 231,68 | 228,95 229,32 233,64 235,66
biometanam, MEUR
Aprekinu perioda kopgjais
sarazotais biometana apjoms, 3368,60 | 3328,08 3333,39 3397,86 3427,45
GWh

Vidgjais uz biometana
energijas vienibu izmaksatais
atbalsts, EUR/MWh

68,78 68,76 68,76 68,79 68,80

Novertgjot parametru — "Kopgjais aprékinu perioda izmaksatais atbalsta apjoms";
"Kop¢jais sarazota biometana apjoms" un "Vidg&jais uz 1 MWh biometana izmaksatais atbalsta
apjoms" jutibu, redzams, ka varbiitibu sadalijuma diapazons ir loti Saurs (skat. 4.27.-29. attelu),
kas liecina par augstu izstradata atbalsta mehanisma modela noturigumu. Tas nozimé, ka
uzne€meju velme investeét biometana razotnes izveide, kas nav prognoz€jams un ir mainigs
parametrs, atbalsta mehanisma galvenos rezultatus ietekmé nebiitiski un izstradatais atbalsta
mehanisms sp& nodroSinat stabilu atbalsta apjomu ari tad, ja v€lme investét atSkiras no
prognozeta.
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Konéiais sarazota biometana apioms

MEUR

— Kopéjais aprékinu perioda izmaksatais atbalsts biometanam (90 Percentile)
Kopéjais aprékinu perioda izmaksatais atbalsts biometanam (75 Percentile)
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4.27. attels. Kopgja izmaksata atbalsta apjoma jutibas analizes rezultati, mainoties
parametram "Vélme investet".
GWh
— Aprékinu perioda kopéjais sarazotais biometana apjoms (90 Percentile)
Aprékinu perioda kopéjais saraZotais biometadna apjoms (75 Percentile)
3000+ — Aprékinu perioda kopé&jais sarazotais biometana apjoms (Average)
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4.28. attels. Kopé€ja sarazota biometana apjoma jutibas analizes rezultati, mainoties
parametram "Vélme investet".
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EUR per MWh

Vidgjais uz 1 MWh biometana izmaksatais
atbalsts

MW

50 1

Pieskirtas atlaujas

754+
724
— Vidéjais uzvienibu izmaksatais atbalsts (90 Percentile)
= Vidéjais uzvienibu izmaksatais atbalsts (75 Percentile)
— Vidéjais uzvienibu izmaksatais atbalsts (Average)
Vidéjais uzvienibu izmaksatais atbalsts (25 Percentile)
— Vidéjais uzvienibu izmaksatais atbalsts (10 Percentile)
694
2020 2025 2030
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4.29. attels. Videja uz 1| MWh biometana izmaksajama atbalsta apjoma jutibas
analizes rezultati, mainoties parametram "Vélme investet".

7 Pieskirtas atlaujas (90 Percentile)
™ Pieskirtas atlaujas (75 Percentile)
— Pieskirtas atlaujas (Average)
PieSkirtas atlaujas (25 Percentile)
— Pieskirtas atlaujas (10 Percentile)

! ! |
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4.30. attels. Pieskirto atlauju parametra jutibas analizes rezultati, mainoties
parametram "Vélme investet".
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Savukart, novert€jot pieskirto atlauju parametra jutibu, redzams, ka varbitibu
sadalijuma diapazons ir loti plass (skat. 4.3. tabulu un 4.30. att€lu), kas norada, ka biometana
atbalsta mehanisma modela mehanisma noturigums tiek sasniegts ar atlauju pieskirSanas
moduli (skat. 4.14. att€lu), samazinot izkliedi par€jo parametru jutibas analizes rezultatos.

Nenoteiktibas novertejuma rezultati parada, ka izstradata atbalsta mehanisma modela
sistéma ir ar saméra augstu noturigumu, tapéc ar modela palidzibu iegiitos rezultatus var
uzskatit par ticamiem un izstradato modeli — par piem&rojamu biometana razosanas un piegades
atbalsta mehanisma izveid@ un analize.
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SECINAJUMI

1. Biivmaterialu razoSana ir energointensivs process. To apstiprina veikta
blivmaterialu razoSanas procesa, sakot no materialu ieguves vietas Iidz razoSanas procesa
beigam, izp€tes, aprékinu un novertéSanas rezultati — vislielako ietekmi uz vidi rada dabasgazes
izmantoSana biivmaterialu apdedzinasanas posma (>75 % no kopgjas raditas ietekmes). Lielaka
dala no raditajam emisijam ir tie$i saistita ar kurinama (dabasgazes) izmantoSanu riipnieciba.

2. Izvertgjot razoSanas procesu un materialu radito slodzi uz vidi viduspunktu
ietekmes kategorijas, var secinat, ka lielaka ietekme uz vidi tiek radita fosilo resursu
noplicinaSanas ietekmes kategorija (~30—41 %). No beigu punktu kait§juma kategorijam
vislielakais kait€§jums tiek nodarits resursu kategorija (~41-50 %), kait€§jums veselibai ir
novertéts ~29-35 % robezas, bet ekosisttmam nodaritais kaitéjuma ipatsvars ir ~19-23 %.

3. Kaut arT dabasgaze tiek uzskatita par videi mazak kaitigu kurinamo, salidzinot ar
oglém un naftas produktiem, atjaunojamo energoresursu izmantoSana varétu samazinat
razoSanas procesa radito ietekmi uz vidi. Viet€jo atjaunojamo resursu izmantoSana samazinatu
arT Latvijas energo-atkaribu, samazinot dabasgazes importu.

4. Peétfjuma rezultati norada, ka visnozimigakais ietekmes uz vidi samazinajums
vérojams, ja razo$ana, neveicot tehnologiskas izmainas pasa razotné, dabasgazi aizstatu ar
biometanu. Jauzsver, ka §a risindjuma TistenoSanai nebltu nepiecieSama krasns deglu
pieméroSana. Nakama labaka alternativa no ietekmes uz vidi skatupunkta ir otras paaudzes
biodegvielas izmantoSana, bet $ada gadijuma ir nepiecieSama krasns deglu pieméroSana.
Vislielako negativo ietekmi uz vidi rada pirmas paaudzes biodegvielas izmantosSana, daudzkart
parsniedzot scenarija, kura ka kurinamo izmanto dabasgazi, ietekmes uz vidi rezultatus.
levérojama ietekme uz vidi $aja gadijjuma ir skaidrojama ar augsnes izmantoSanu un
lauksaimniecibas aktivitatém, t.s., mineralmeéslu izmantoSanu.

5. Ekonomiski visizdevigakais biometana razoSanas scenarijs neatkarigi no izvélétas
biogazes attiriSanas metodes, blitu, ja vairaku mazu biogazes razotnu vieta biometans tiktu
razots viena lielaka razotné. Sada gadijuma kopgjas izmaksas ir par aptuveni 22 % lidz 27 %
zemakas (atkariba no izv€l&tas biogazes attiriSanas metodes un ekonomiska dzives ilguma)

- —

neka tad, ja biogaze no atseviskam razotnem tiktu transport€ta uz vienu attiriSanas staciju.
Savukart, ja biogaze no atseviskam razotném tiktu transport€ta uz vienu attiriSanas staciju,
kopgjas izmaksas biitu par aptuveni 2 % lidz 4 % zemakas (atkariba no izmantotas attiriSanas
metodes) neka tad, ja biometans tiktu razots vairakas atseviskas mazas razotnés. Tap&c var
secinat, ka viszemakas izmaksas biitu gadijuma, ja biometans tiktu razots viena lielaka razotné.
Lai gan to nav iesp&jams Tstenot jau darbiba esoSajam biogazes razotném, tomér tas varétu bt
ekonomiski visizdevigakais risinagjums jaunam razotn€m. EsoSajam biogazes razotném
ieteicamakais risinajums var€tu bitu, ja biogaze no atseviskam razotn€m tiktu transporteta uz
vienu attiriSanas staciju.

6. Vislielakais Tpatsvars biometana razoSanas kopg&jas izmaksas (~65 % lidz ~73 % —
atkariba no biogazes attiriSanas metodes) visiem scenarijiem ir biogazes razo$anas izmaksam.
Biogazes attirisanas izmaksas ir ~13—18 % robezas no kopg&jam izmaksam. Savukart caurulvada
izblives un izejvielu transportéSanas izmaksas ir ~4-5 % robezas, bet biometana raZotnes
kapitalizmaksas, atkariba no izv€l&tas attiriSanas metodes, ir ~4—8 % robezas no kop&jam
izmaksam.

7. Kopgjas biometana razoSanas, transport€Sanas un ievadiSanas dabasgazes tikla
izmaksas, rékinot uz vienu vienibu, ir augstakas neka dabasgazes importa cena (2017.gada —
aptuveni 1,6 reizes; 2030. gada — par aptuveni 20 %). Lidz ar to var secinat, ka biometana
raZzoSanai ir nepiecieSams finansialais atbalsts, lai biometana razoSana, to pardodot par
dabasgazes cenu, biitu ekonomiski pamatota.
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8. Veélamakais atbalsta mehanisma scenarijs, lai panaktu lielaku kop€ja sarazota
biometana apjomu, maksajot mazaku vid€jo atbalsta apjomu uz 1 MWh biometana, biitu pie
Sadiem nosacljumiem: investicijam atv€letais laika posms - divi gadi, atbalsta maksajumu
perioda ilgums — vismaz 15 gadu vai vairak. Un lielaku kopgja sarazota biometana apjomu var
iegiit, kop€jo atbalsta maksimalo apjomu palielinot.

9. Nenoteiktibas novert§juma rezultati parada, ka izstradata atbalsta mehanisma
modela sist€ma ir ar saméra augstu noturigumu, t. i., izstradataja atbalsta sistémas modeli ir
ieklauts elastigs atlauju pieSkirSanas mehanisms, kas nodroSina mazu galveno parametru
(kop€ja izmaksajama atbalsta apjoma, kop€ja sarazota biometana apjoma un vidéja uz 1 MWh
biometana izmaksajama atbalsta apjoma) izkliedi ap vidgjo vertibu. Tapéc ar modela palidzibu
iegiitos rezultatus var uzskatit par ticamiem un izstradato modeli — par piemérojamu biometana
razoSanas un piegades atbalsta mehanisma izveid€ un analizg.
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Characterization of Environmental Impact
of Building Materials for the Purpose
of Ecodesign
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Riga Technical University

Abstract —The building material manufacturing
sector is one of the sectors with the highest
consumption of fossil fuel resources. The “cradle-to-
gate” study of the ceramic bricks made in the Ane
plant of JSC ,,Lode”, Latvia is performed according
to ISO standards 14044:2006. Life cycle inventory
data have been collected at the factory site. Three
different perspectives of the “Eco-Indicator’99”
method are used to conduct an environmental
characterization of the building materials to obtain
the total impact indicator.

Keywords — brick production, cradle-to-gate,
ecodesign, environmental characterization of
bricks.

1. INTRODUCTION

As mentioned in the report drawn up by the
Working Group for Sustainable Construction with
participants from the European Commission,
Member States and Industry [1] and in the final
report of sustainable construction (European
Monitoring Centre on Change), “The construction
industry is Europe’s largest industrial employer.
Construction activities consume more raw
materials than any other industrial sector, while
the built environment accounts for the largest
share of greenhouse gas emissions in terms of
energy end-use. Because of this, the construction
industry faces a considerable environmental
challenge, bigger than any other industrial sector”
[2].

Brick is a block of ceramic material and is
mainly used for the construction of walls in any
kind of buildings - residential, commercial, and
industrial. A huge amount of energy is necessary
to make a baked brick. Saving energy resources in
this sector would reduce the total environmental
impact caused because of decreasing energy
demand. Manufacturing bricks in high-efficiency
kilns is common in all developed countries and in
some developing countries. However there are
countries in Asia that still manufacture bricks in
the traditional way which is low-efficient [3]. For

each country, especially for the developing
countries, it is a challenge to turn this sector to the
sustainable manufacturing methods including the
establishment of modern brick baking kilns [3].

The largest producer of the ceramic building
materials in the Baltic countries is the Joint Stock
Company (JSC) ,LODE”. Company was
established in 1958 and now it owns four plants
located in Liepa, Kalnciems, Ane and Livani [4].
The “cradle-to-gate” study was performed for the
ceramic bricks made in the Ane plant of JSC
,,Lode”.

A very important aspect in promoting
sustainability in building sector is the eco-labeling
of the building materials. Recognizable and
respectable labels can be a sign of competitiveness
for the manufacturers. These labels list each
product’s contribution to global warming, ozone
depletion, acid rain, habitat loss and a handful of
other environmental indicators. Eventually, whole
buildings can be measured based on their
performance against a similar set of indicators.
This labeling rating system is a result of an
environmental life-cycle assessment (LCA). The
LCA procedure is new in Latvia which is a very
important reason for this particular study.

II. METHODS

Plouffe et al. came to a conclusion that one of
the most widely used tools used for ecodesign is
life cycle analysis (LCA) [5]. LCA is a
scientifically based methodology that is used to
assess the environmental performance of the
product, to recognize the problems and to start
solving them. The increasing interest to counteract
global warming and in environmentally friendly
building materials, raise the interest of producers
in the eco-labeling of their products that help
society to choose materials with the best
environmental performance.

This study is made by following ISO standard
14044:2006, which describes the four main
evaluation procedures: (1) the goal and scope
definition, (2) the life cycle inventory analysis, (3)
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life cycle impact
interpretation [6, 7].

The LCA software “SimaPro 7.2.” (Faculty
version) was used to model environmental impacts
caused during a product’s life-cycle [8].

The data that are used in the present LCA study
consist of:

e raw data that were provided by the brick
production plant in Ane, Latvia;

e calculated data which are based on
bibliographical information.

The three cultural perspectives defined in the
“Eco-Indicator’99” methodology [9] are used to
conduct an environmental characterization of the
building materials to obtain the total impact
indicator. Each one takes a different perspective
on how to consider the potential damage from a
particular substance. Marceau, VanGeem [10] and
DeSchryver [11] describe all three -cultural
perspectives:

- The egalitarian perspective takes an
extremely long-term look at substances if
there is any indication that they have some
effect. This view has strong group cohesion
(relationships) coupled with  few
regulations and considers nature to be
fragile and unstable. This perspective gives
high priority to the precautionary principle
and equal importance to present and future
effects.

- The hierarchic perspective takes a long-
term look at all substances if there is
consensus regarding their effect. This
perspective is characterized by strong group
cohesion with binding regulations for social
relations and considers nature to be in
equilibrium. This view coincides with the
view that impacts can be avoided with
proper management and the search for a
balance between manageability and the
precautionary principle.

- The individualist perspective takes a short-
term look (100 years or less) at substances
if there is complete proof regarding their
effect. This view is characterized by weak
group cohesion and regulations for social
relations, and considers nature to be stable
and able to recover from any disturbance.
This last perspective coincides with the
view that humans have a high adaptive
capacity  through technological and
economic development. The individualist
perspective considers known damages as
the most reliable basis for decisions and
emphasizes present effects over future gains
or losses.

assessment, and (4)

III. LIFE CYCLE ASSESSMENT

A. Goal and Scope Definition

The main goal is to calculate and assess the
environmental impact of the manufacturing
process of clay bricks in the Ane factory of Latvia,
especially in terms of energy consumption and
greenhouse gas emissions, which is linked directly
to the brick manufacturing stage. The research was
conducted to compare the environmental impact
of bricks and other building materials and to
compare the environmental load of bricks made in
Latvia and bricks made in other factories outside
Latvia.

LCA is needed in order for Latvian-produced
building materials to be competitive on the
European market. It is also associated with
reductions of carbon emissions in the future, and
with growing concerns about global warming
from stakeholders. In addition, this study is to start
to build a Latvian construction life-cycle
inventory database and to determine the
production stages with the greatest environmental
impacts, the stages in which improvements are
required.

The product system consists of a variety of
products entering and leaving the system.
Different raw materials (mainly clay) and various
combustible additives, such as straw and sawdust,
as well as natural gas, which is used for the
manufacture of the required heat and electricity,
are used in brick production. Outgoing products of
the product system are mostly air emissions
resulting from the combustion of natural gas. The
manufacturing process results in a small amount
of domestic waste, water and solid waste, but the
amount of waste is very small and the effects are
considered minor and hereby not included in this
study.

B. Functional Unit and Reference Flow

The brick production plant produces more than
one building material type which is made of
ceramic clay. These types differ in weight and
dimensions. For the purposes of the present study
one ton of a specific type of brick has been chosen
as a functional unit.

The reference flow is a ton of bricks.

C. System Boundaries

The clay brick system boundaries included clay
extraction, storage and processing, shaping,
drying and firing of bricks, and packaging. The
complete system investigated is shown in Figure
1.
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Fig. 1 Schematic presentation of the investigated system

The life cycle is divided into the following
subsystems:

1. Raw material acquisition and storage: The
raw material used for the production of bricks is
clay, which is transported to the factory by trucks.
Clay is extracted from the clay mine which is
located at a distance of 1.5 km from the brick
factory. The basic clay found in this mine is of the
Quaternary Period. Extracted clay is stored in the
cones. Storage in cones for a minimum 8 months
provides the natural reduction of moisture. The
volume of cones is approx. 10 000 m®.

2. Clay processing: Clay which has lied the
necessary 8 months in the cones is taken by the
single-bucked excavator and sacked into the
processing machine. After the processing
machine, the clay is delivered to the running-mill
along the conveyer. From the mill the clay is
transported through cylinders with a gap of 3 and
1 mm. After such processing, the clay is stored in
a reservoir with a volume of approx. 1500 m®. The
processing rate is 400 m® of clay per twenty-four
hours. Clay is taken from the reservoir by double-
bucked excavator and delivered to the raspler
where also the combustible additives, which are
sawdust and straws, are added.

3. Shaping of bricks: After processing, the
clay mass is delivered to the screw-type press
where it is shaped and cut to form the bricks.

4. Drying: The shaped bricks are
automatically placed on the drying palettes and
transported into the drying camera. The
temperature in the drying camera is approx.
140°C. Hot air is drawn from the baking furnace

for drying. The bricks contain 2-4% of the initial
moisture after the drying process.

5. Firing: After the drying camera, the bricks
are automatically placed on the baking palettes
which are transported into the baking furnace
every 30-35 minutes. The bricks are baked at the
maximum temperature of 950-980°C. Natural gas
is used as the fuel in the furnace.

6. Packaging: The baked bricks are placed
on wooden pallets and wrapped in polyethylene
(PE) film.

TABLE 1
INVENTORY DATA
Name Amount per Unit
month
Extracted clay 8600 m’
Electric energy 831 MWh
Natural gas 328 thousand m?
Bricks produced 8160 t
PE film 1,2 kg /m?
% of all
production
Defected bricks 2 amount
Particulate matter
(PM) 7,46 t
SO 2,14 t
Cco 0,49 t
NO 0,32 t
Wooden palettes 17 kg/m?
Straws 0,9 % of all mass
Sawdust 2,7 % of all mass

D. Life Cycle Inventory

Table 1 presents the overall results of
production for one month. Figure 1 presents the
input and output flows for the production of one
ton of ceramic bricks. Clay processing is a large
energy consuming process of the life cycle.
During the clay processing, 40.74 kWh of electric
energy are consumed, which constitutes 40% of all
electrical energy that is used in the manufacturing
process.

The baking process is the most energy
consuming process of the studied brick production
process. Due to natural gas consumption, 338.28
kWh of primary energy are consumed. There are
also 25.46 kWh of electricity used during the
process.

Natural gas is the main energy source in brick
production. The use of natural gas and combustive
additives contributes to SO, CO and NO
production.
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E. Impact Assessment

The emissions of the system have been grouped
into impacts (characterization step based on the
Eco-Indicator’99 method) [8]. The Eco-
Indicator’99 is one method of the aggregation (or,
as described in ISO draft 14042, “weighting
through categories™) that leads to a single score.

Six impact categories were considered:
carcinogens, respiratory inorganics, climate
change, ecotoxicity, acidification / eutrophication
and fossil fuels. Table 2 summarizes the results
from the characterization of the impacts, for the

chosen functional unit according to three
perspectives.
TABLE 2
CHARACTERIZATION RESULTS
Impact category Unit H/A | VA E/A
3,54 | 1,68 | 3,5
Carcinogens DALY 5 6 43
1,59 | 1,027 | 1,5
Respiratory inorganics DALY 4 4 94
2,93 | 2,8° | 29
Climate change DALY 5 33
PAF*m2 0,60 11,
Ecotoxicity yr 1,8 | 1 8
Acidification/ PDF*m?2 1,73 1,7
Eutrophication yr 1,73 3
MJ - 168
Fossil fuels surplus 245

The environmental score of each effect is
calculated based on the simple formula (1):

ES=CV *NF*VF (1)
where ES - environmental score; CV -

characterized value; NF - normalization factor;
VF - valuation factor [12].

TABLE 3
NORMALIZATION FACTORS
Perspective E:;lgln gflo;)if:;em Resources
Hierarchist (H/A) | 65,1 1,95+ 1,19
Individualist (I/A) | 121 2,224 6,773
Egalitarian (E/A) | 64,7 1,95 1,68

Weighting factors are applied in order to scale
the seriousness of the results, measured in
indicator points. The normalization and valuation
weighting factors used for the purpose of this
study are shown in Tables 3 and 4 [13]. In the final
step, valuation scores are added up to give a total
impact.

TABLE 4
WEIGHTING FACTORS

Perspective E::::ln gio;)i'ts;em Resources
Hierarchist (H/A) | 400 400 200
Individualist (I/A) | 400 400 200
Egalitarian (E/A) | 400 400 200

IV. RESULTS

Figures 2 and 3 illustrate the results extracted
during the previous stages.

The total impact indicator of the brick “cradle-
to-gate” cycle is 11.9 Pt when using the
Hierarchist perspective, and 11.7 Pt and 6.95 Pt,
respectively by the Egalitarian and Individualist
perspective.
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Fig.2. Normalized scores

The standard Eco-indicators 99 can be regarded
as dimensionless figures. The scale is chosen in
such a way that the value of one point is
representative for one thousandth of the yearly
environmental load of one average European
inhabitant [9]. The absolute value of the points is
not very relevant as the main purpose is to
compare relative differences between production
processes. Environmental impact of the brick life
cycle can be compared with that of the alternative
solutions for the construction of walls considering
also the fulfilled function, e.g. with gypsum
boards, in order to improve the environmental
performance of buildings.
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Fig.3.Weighted scores

The highest value of environmental impact (Fig.
4) is for the firing process for all three different
perspectives. The main contributor to the impact
is the usage of natural gas for the industrial baking
furnace. Relatively important processes from the
environmental point of view are also clay
processing, sorting and packaging. During the clay
processing, a large amount of electricity is used,
but for the brick packaging polyethylene film is
used which plays an important role in the impact
to the environment.

The main contributing impact categories from
the point of view of all three different perspectives
are shown in Fig. 5. The highest value of the effect
to the environment goes to the impact category of
fossil fuels which is explained mainly by the usage
of natural gas. The second important impact
category which is affected by the brick production
is respiratory inorganics. This is mainly due to the
fact that bricks are baked in the industrial furnace
where natural gas is combusted. Electricity
consumption also contributes to this impact
category since production of electricity causes
large amounts of emissions. Due to the fact that
the average European type of electricity mix is
used in this study, it does not reflect the true
electricity mix in Latvia. Hydro power plants
produce a large share of electricity in Latvia and
thus the share of renewable energy sources in
power production is nearly 50%.
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Fig.5. Main contributing impact categories

V. CONCLUSIONS

The “cradle-to-gate” study conducted on the
process of brick production indicated that this
process is very energy intensive. Most of the
emissions to the environment are attributed to
energy use, directly at the site with the combustion
of natural gas, and also indirectly with the use of
large amounts of electricity. When it comes to the
effect of the environmental impacts, the fossil
fuels and respiratory inorganics have the highest
values.
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Although natural gas is one of the cleanest fossil
fuels, using the renewable energy resources would
reduce the total impact to the environment of the
brick production process. The use of local
renewable resources would also increase energy
independence in Latvia, thus reducing dependence
on imported gas.

The total energy consumption to produce one
ton of bricks is by 140 kWh (which is 24%,
respectively) less than to produce one ton of the
bricks in Greece [12] where, pet-coke and diesel
is consumed.

There have been other studies conducted
regarding brick production impact to the
environment, for example in Australia [14] and
Italy [15], but the final eco-indicators as single
scores for 1 ton of bricks which could be useful to
compare the results attained in this study were not
determined in these studies.

In the study about the bricks produced in
Greece, the Eco-Indictor 95 method is used.
Therefore, the results can be compared only partly
because in this study which is conducted on bricks
manufactured in Latvia, the Eco-Indicator 99
method is used. These two above mentioned
methods differ from each other mainly in the fact
that the Eco-Indicator 99 method is the updated
version of the Eco-Indicator 95 method and that
means that the results of the Eco-indicator
99method may be more accurate. The single
scores cannot be compared but the impact
categories on the global scale can be viewed. The
main impact categories in the LCA study of the
brick production impact in Greece using Eco-
Indicator 95 are acidification (56,19%), winter
smog (30,26%), greenhouse effect (11,62%),
eutrophication (1,6%) and summer smog (0,33%).
However, according to the study of bricks
produced in Latvia, the main impact category
which stands out is the depletion of fossil
resources. This result is only logical regarding the
main energy source — natural gas used in the brick
baking process in Latvia. But the acidification
category takes only the 5" place. In the study for
the Greece conditions, no impact category is
related to fossil fuels although they use pet-coke
and diesel in the production processes.

Although the brick production process in
Greece and Latvia are almost the same (only the
fuels used differ), there still remains a great
difference in the results using when using two
impact assessment methods Eco-Indicator 95 and
Eco-Indicator 99.

The greatest impact on the environment from
processes is associated with energy consumption.
The manufacturer has to think about how to use
the available resources and resources necessary
for the production effectively, as well as to look

for opportunities and ways to use a variety of
waste products to produce new products without
compromising on quality and technical
characteristics of the product. The manufacturer
also has to consider how to improve some qualities
of the product while reducing the new primary
resource exhaustion.

One of the recommendations could be to use
more of the combustible additives that derive as
waste from the production processes of other
products. Moreover, replacing natural gas with
some alternative energy source, such as biogas,
would reduce the total impact to the environment.
Since the factory is huge enough and the amount
of necessary electrical energy is also considerable,
the co-generation opportunity is one of the
possible ways of reducing the impact to the
environment and decreasing the factory’s
dependence on the external energy suppliers.
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Agnese Slgéle, Mara Répele, Gatis Bazbauers. Biivmaterialu ietekmes uz vidi raksturojums ekodizaina vajadzibam.
Peétijuma ir analiz&ts mala kiegelu raZo$anas process Latvijas blivmaterialu raZotn€, apkopoti razoanas procesa inventarizacijas
dati un, izmantojot dzives cikla ietekmes modelésanas programmatiru ,,SimaPro”, veikts kiegelu razo$anas procesa ictekmes
uz vidi raksturojums. Nemot veéra to, ka rezultatus paredzets izmantot ekodizaina vajadzibam, ietekmes uz vidi raksturojums
veikts, izmantojot dzives cikla ietekmes novertéjuma metodi Eco-Indicator’99 un tas tiTs kultliras perspektivas — hierarhista,
egalitariana un individualista perspektivas. Darba galvenais mérkis ir aprékinat un novertét Latvija raZotu kiegelu ietekmi uz
vidi Tpasi saistiba ar energijas pat€rinu un siltumnicas efektu izraiso$o gazu emisijam, kas saistita tie$i ar kiegelu razoSanas
posmu, lai varétu veikt ekodizainu. P&tfjums veikts keramisko buivmaterialu dzives cikla izejvielu ieguves un razoSanas
posmiem. Papildus $T p&tijuma mérkis ir sakt veidot Latvijas biivmaterialu dzives cikla inventarizacijas datu bazi un iesp&jams
noteikt posmus, kuros veidojas vislielaka ietekme uz vidi un, kuros ir nepiecieSami uzlabojumi.

A.lllkene, M. Penese, I'. Baxdayep. XapakTepucTiKa Bo31eiiCTBUSI CTPOMTEIbHBIX MATEPHAJIOB HA OKPYIKAIOILYIO
cpeay sl Hy K/ 9K0-Iu3aiiHa

B pabore paccMoTpeH mpomecc NPOM3BOACTBA INIMHSHOTO Kupnuda Ha JIaTBHHCKOM NPOM3BOACTBE CTPOUTENBHBIX
marepuanoB. CoOpaHbl WHBEHTAapU3aLMOHHBIE IAaHHBIE IPOM3BOJICTBEHHOTO IIPOIECCa M, HUCIOIB3YS IPOrpaMMHOE
obecrieuenue ,,SimaPro” (Faculty Version), MOACIMPOBAHO BO3JICHCTBUE >XM3HCHHOTO IIMKJIA, OMUCAHO BO3JCHUCTBHE
NPOU3BOJCTBA TIIMHSHOIO KHPIMYaHA Ha OKPYXKAIOIIYI0 Ccpely. A Takke, YYUTBIBash TO, YTO JAHHBIE PE3yJIbTaThI
MpeIyCMOTPEHO HCHONb30BaTh ISl Hy Kl 9KO-[U3aiiHa, BBINOIHEHO OMMCAHHE BIUSHUS HA OKPY’KAIOLIYI0 CPEdy, UCTIONb3YsI
METO/Ibl OLIEHKH BIMSAHUS XHU3HEHHOTO Lukna Eco-Indicator’99. 'maBHas nenb pabOTHl paccUUTaTh M OLEHUTH BIMSHUE HA
OKPY’KaIOIIyI0 CpPedy KHpIH4Ya MPOU3BEACHHOTO B JIaTBHM B YaCTHOCTH, YTO KacaeTcs MOTPEOJICHUS] SHEPIHU M BBIOPOCOB
Ta30B, BHI3BAIONINX MAPHUKOBBII 3 deKT, 9ToObI MOXKHO OBUIO OCYIIECTBUTH KO-AU3alH. MccienoBanne mpoBOJUIOCE IO
9TanaM JKH3HEHHOTO IMKJIAa — JOOBIYM CHIPhS KEPAMHYECKHX CTPOHMTEIBHBIX MATEpPHAIIOB M CTAJUH HX HPOU3BOJCTBA.
JIOTIOTHUTEBHO LeNIb 3TOTO HCCIISOBAHMS HAa4yaTh CO3/aBaTh MHBCHTAPH3AIMOHHYIO 0a3y NaHHBIX XXM3HEHHOTO LUKJIA
JIaTBUHCKHMX CTPOUTENIBHBIX MAaTEPUaJOB M OIpPENENIUTh JTallbl, HA KOTOPHIX (OPMHUPYETCsl camoe OOJbLIOE BIMSHHE HA
OKPY’KaIOIYIO CPey, U B KOTOPBHIX HEOOXOAUMBI YTy YIlICHHSI.
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M. Repele, M. Dudko, J. Rusanova, K. Valters, G. Bazbauers

Institute of Energy Systems and Environment, Riga Technical University, Kronvalda Boulevard 1,
Riga, LV1010, Latvia; e-mail: mara.repele@rtu.lv

Abstract

Firing of bricks is essential manufacturing process during which the bricks obtain all the necessary properties.
Life cycle assessment studies show that this process is also the most energy intensive of the brick manufacturing
processes and results in the largest environmental impact. Usually kilns are fired with natural gas, therefore
substitution of fossil fuel with renewable energy source is considered as one of the most effective approaches for
reduction of environmental impact. Bio-synthetic natural gas (bio-SNG) is one of the most feasible substitutes of
natural gas and therefore the aim of the study was to compare environmental impacts of those energy sources.

Comparison of life cycle environmental impact of natural gas and bio-SNG was carried out using GEMIS
(Global Emission Model for Integrated Systems) database. Both energy sources were compared on the basis of life
cycle CO; emissions, cumulated energy and material requirement, land use and employment effects.

Results show that by replacing natural gas with bio-SNG greenhouse gases could be reduced and employment
increased. However, cumulated energy, material and land requirement is larger when bio-SNG is used instead of
natural gas.

Key words: Alternative energy, Bio-SNG, Brick industry, Natural gas

Introduction

One of the most specialized steps in the manufacture of brick is firing (Venta, 1998) during
which the bricks obtain all the necessary properties. Different life cycle assessment studies
show that the firing is the most energy intensive of the brick manufacturing processes, most of
the energy is used in this production stage (Rose et al., 1978; Moedinger, 2005; Koroneos &
Dompros, 2007; Machado et al., 2011; Skele et al., 2011; Oti & Kinuthia, 2012). Furthermore,
most of the reported emissions from clay brick production are attributed to the energy used for
firing kilns (Oti & Kinuthia, 2012). It is estimated that air dried brick has 33% less CO2
equivalents per brick than a traditional kiln fired brick (MacMillan, 2010).

Usually brick kilns are fired with natural gas, although propane, oil, sawdust, coal or
combinations of these fuels can also be used (Venta, 1998; Moedinger, 2005). There are many
factors affecting the energy consumption in the clay brick manufacturing process. Kiln fuel
usage depends on the firing temperature and duration of firing, the type and condition of the
kiln, its efficiency, mode of operation (continuous or periodical), type of finished product, and
type of and carbon content of the raw materials (Venta, 1998; Machado et al., 2011).

However, through innovative development it has been shown possible for these traditional
sources to be successfully replaced by renewable alternatives (Moedinger, 2005). Gomes &
Hossain (2003) indicate that replacement of the technologies (especially if the coal-based
technologies would be replaced by natural gas-based technologies) will result in significant
reductions in greenhouse gas emission. Similarly natural gas replacement by bio-SNG would
also reduce CO2 emissions (Repele et al., 2012). The brick fired with renewable fuels features
the least energy content of all building products available on the market today (Moedinger,
2005).

Therefore, research and comparison of alternative energy sources is necessary and
essential. In this paper bio-SNG is analyzed and compared with natural gas from environmental
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aspect as potential alternative energy source (a term used to refer to any energy source other
than fossil fuels) for brick industry.

Materials and methods

The study is based on one year operation data obtained from brick factory in Latvia.
Characteristics of the factory are following: production capacity is 135,000 tonnes of ceramic
building materials; oven capacity is 160,000 m*; annual consumption of natural gas is
7,644 thousand m?; electricity consumption is 4,824 MWh; raw material (clay) consumption is
146,000 tons; annual emissions to air: carbon dioxide — 14.292 tons, carbon oxide — 89.5 tons,
nitrogen oxides — 25.7 tons, sulphur dioxide — 5.9 tons, solids — 3.9 tons (‘A’ category permit,
2012).

Functional unit is 1 tonne of ceramic building materials (bricks).

Comparison of life cycle environmental impact of natural gas and bio-SNG was carried
out using GEMIS (Global Emission Model for Integrated Systems) v.4.8 database. GEMIS was
first released in 1989, and is continuously updated and extended since then (Fritsche & Stetz,
2013). For processes and scenarios GEMIS is used to calculate life cycle impacts, i.e.,
considering all processes from resource extraction (including primary energy and raw
materials) to final material or energy use. Included are also auxiliary energy and material use,
materials for construction of energy supply, material and transport systems, as well as direct
and indirect employment effects (Fritsche & Stetz, 2013).

GEMIS contains data on direct air emissions (SO2, NOx, CO, NHj3 etc.), greenhouse gas
emissions (CO2, CHs, N20), as well as solid wastes, liquid effluents and land use. Emission
standards are also included and thus it provides an opportunity to assess whether the combustion
process comply with national and international emission standards, and filter the database for
suitable processes.

Two scenarios were analyzed in this paper: brick factory consumes only natural gas or only
bio-SNG. These both energy sources were compared on the basis of such environmental
indicators as global warming (CO2 emissions), resources (cumulated material and cumulated
energy requirement, land use) and employment effects.

Results and discussion

The following process data were used from the GEMIS database:

- natural gas (based on lower heating value — LHV) and supplied from ‘gas-mix-FI-
2010’ i.e. 90% of natural gas is imported from Russia and 10% from Norway; mixed
in Finland;

- bio-SNG from wood chips and wood waste processed for gas-pipeline (LHV)
supplied from ‘pipeline\bio-SNG-wood-forest-DE-2030° i.e. biogas processed in
Germany, reference year 2030.

Since GEMIS database does not contain data on natural gas imported in Latvia, life cycle
data on natural gas mix consumed in Finland was used in this study, because natural gas in both
Latvia and Finland is imported from Russia. For comparison, data on production of bio-SNG
in Germany was used. Process chains for both energy resources are shown in Fig. 1.

The following environmental impacts were evaluated (Table 1):

- greenhouse gases: CO:2 equivalent and separately CO2 emissions — important indicators
that describe environmental impact of fuel conversion;

- cumulated energy requirement: shows how much energy is embedded in 1GJ of fuel
energy;
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Fig. 1. Process chain of (a) natural gas and (b) bio-SNG (GEMIS, 2011)

- cumulated material requirement: includes the total consumption of materials throughout
product (energy source in this case) life cycle;

- land use: factor that describes how much land is needed to produce a certain amount of
energy;

- total employment effects: effects that each energy source has on employment levels.

Table 1 summarizes the environmental impacts caused by the production of 1 tonne of
ceramic building materials at the brick factory in Latvia.

Within GEMIS it is possible to convert emissions of greenhouse gases (GHG) by using
their global warming potentials (GWP) into the equivalent quantity of CO2, so that the
emissions of different greenhouse gases can be summed up into the total CO2 equivalent. All
GWP in GEMIS are mass-based, i.e. they give the relative greenhouse effect of 1 kg COo.
Cumulated energy requirement (CER) is a measure for the total amount of energy resources
(primary energies) needed to deliver a product or a service. Cumulated material requirement
(CMR) is a quantitative measure of the total amount of raw materials needed to deliver a product
or a service. In the calculation for CMR in the category ‘other’ secondary resources (wastes,
residues with the potential for material re-use) are shown. The term ‘land use’ means area
affected by processes. But the annual land use is calculated, i.e. the life-time of process is not
included. GEMIS also allows fast computation of the direct and indirect job-creating effects as
well as the sum of both portions possible. The direct effects are given by jobs in energy systems
and their upstream processes and are stored in the GEMIS database as part of the process
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information. The indirect effects are calculated from investment, operations and maintenance
costs using country-specific input-output tables (Fritsche & Schmidt, 2008).

Table 1
The results of the environmental impacts per one tonne of ceramic building
materials produced at the brick factory of Latvia

Natural gas Bio-SNG

Greenhouse gases [kg]:

— CO; equivalent 33.92 7.71

- CO; 17.47 7.31
Cumulated energy requirement [GJ], int. al: 2.34 3.06

— non-renewable 2.34 0.10

— renewable 0 2.97
Cumulated material requirement [kg], int. al: 10.28 39.73

— non-renewable 1.48 9.36

—renewable 8.57 29.82

— other 0.24 0.55
Land use [m?] 0.01 0.56
Total employment effects [persons] 607(10°%) 989(1077)

When choosing fuels, all the criteria that characterize the fuel and all environmental
impacts must be carefully considered as each energy source has pros and cons. Scenario
analysis was carried out for the replacement of natural gas with bio-SNG.

Fig. 2 shows the comparison of environmental impacts due to substitution of natural gas
by bio-SNG assuming that scenario ‘100% natural gas’ is reference scenario with zero values.

From an environmental point of view one of the most important criteria is emissions of
greenhouse gases, and natural gas is the worst alternative in this respect. Compared with bio-
SNG, natural gas generates 23% more CO2 equivalents and 42% more CO: emissions. Hence,
replacement of natural gas with bio-SNG is fully justified from global warming perspective.

40
Cumulated material
30 | requirement [kg]
20 Total employment

effects
[persons(10%)]

10
Cumulated energy
requirement [GJ] Land use [n?]
0 = —

-10
CO, emissions [kg]
-20 1
-30 1 CO, equivalent [kg]
-40

Differences of the environmental impacts

Fig. 2 Results of scenario analysis when natural gas is replaced with bio-SNG. Y-axis shows
comparison of environmental impacts against ‘100% natural gas’ scenario which is taken with values
Zero.
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The total cumulated energy requirement throughout whole life cycle in case of natural gas
is by 24% less than for bio-SNG. However, it should be taken into account that bio-SNG
alternative contains mainly renewable energy (i.e. 97%) contrary to natural gas which is the
non-renewable energy source.

Regarding the total life cycle cumulated requirement of materials, bio-SNG appears worse
than natural gas by 74% because more non-renewable materials are needed for production and
installation of equipment. In the case of natural gas, share of non-renewable materials in the
total CMR is 14% and renewable — 83%, but in the case of bio-SNG the share is respectively
24% and 75%.

In the case of bio-SNG approximately 60 times bigger land area is affected by all processes
to provide certain amount of energy, than in the case of natural gas.

Total employment effect in the case of bio-SNG is approximately 163 times bigger than in
the case of natural gas. It can be considered as a positive indicator, especially in the
circumstances of the economic crisis and high unemployment.

Conclusions

Results of this research show that when choosing energy sources for industrial production,
the criteria based on the life cycle cumulated material and energy consumption, and CO2
emissions for characterization of environmental impacts can be used.

It can be concluded that bio-SNG, when used in brick industry, has advantage over natural
gas from prospective of global warming potential, cumulated energy consumption and
employment, but disadvantage in terms of cumulated material consumption and land area
required.

When considering replacement of natural gas with an alternative energy sources, a
manufacturer, apart from environmental impacts, also should be aware of the required
technological changes. Therefore, substitution of natural gas with bio-SNG could be considered
as convenient solution because almost no technological changes are required.

Further studies are necessary to examine the possibility to substitute natural gas with other
alternative energy resources, e.g. bio-ethanol, bio-diesel, biomass, and to compare their
environmental impacts also taking an advantage of other databases and evaluation methods, in
order to find the most suitable solution.
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Abstract

Many sites for biogas production in Latvia currently do not have sufficient heat load to provide power
production in co-generation mode. The alternative to relatively inefficient power production could be production
of bio-methane which is known as one of the most important renewable option for gas supplies. After removal of
contaminants bio-methane is of quality of natural gas and can be delivered to power plants and industry using the
natural gas supply infrastructure. For analysis of environmental benefit of using bio-methane the environmental
impact of the proposed solution has to be assessed. The aim of the study is to make life cycle assessment of the
system for bio-methane supply to industrial plant via the natural gas grid. The analysed system includes bio-
methane production and transport to the natural gas pipeline including the infrastructure. Functional unit was 1
MWh of bio-methane energy injected into the natural gas transmission pipeline. Life-cycle model was created and
analysed with software ‘SimaPro’. ReCiPe and Eco-Indicator’99 were used as characterization methods to analyse
the life-cycle environmental impacts. Results show the influence and contribution level expressed in mid-point
categories as well as in a single-score indicator. The largest impact is created by use of fossil energy sources in
production of bio-methane. The results can be used to design renewable energy supply systems and for the
comparison of alternatives.

Key words: bio-methane, life cycle assessment, natural gas, renewable energy
Introduction

Many sites for biogas production in Latvia currently do not have sufficient heat load to
provide power production in combined heat and power generation mode. The alternative to
relatively inefficient power-only production could be production of bio-methane which is
known as one of the most important renewable option for gas supplies. After removal of
contaminants bio-methane is of quality of natural gas and can be delivered to combined heat
and power plants in energy utilities and industry via the natural gas infrastructure. Thus, bio-
methane could serve as one of the most feasible replacement of fossil fuel for firing industrial
furnaces.

The focus of the study is to find a substitute of natural gas for brick manufacturing industry
which is important economic branch in Latvia. As it is known from previous studies, brick
firing is the most energy intensive of the brick manufacturing processes (Rose et al., 1978;
Moedinger, 2005; Koroneos & Dompros, 2007; Machado et al., 2011; Skele et al., 2011; Oti &
Kinuthia, 2012, Repele et al., 2013) and natural gas is used as a firing fuel in Latvia. Also
propane, oil, sawdust, coal or combinations of these fuels can be used for this purpose (Venta,
1998; Moedinger, 2005). Nonetheless, due to innovative development these traditional sources
can be successfully replaced by renewable alternatives (Moedinger, 2005) and will result in
significant reductions in greenhouse gas emission (Gomes & Hossain, 2003; Repele et al.,
2012). One of the most viable renewable substitute of natural gas is bio-methane (Adelt et al.,
2011) which can substitute natural gas after quality upgrading (EBTP, 2014). Thus, advantages
of the well-developed natural gas infrastructure can be utilised. Due to sufficiently high average
heating value (21 MJ (m®)"! with 60% methane) biogas can also be directly used as fuel in
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burning processes (Ellersdorfer & Weif3, 2014). However, use of bio-methane as a substitute of
natural gas allows introducing renewable energy sources in industry to much larger extent.

Therefore, research to ascertain environmental impact caused by bio-methane production
and injection in natural gas grid is necessary. The aim of this study is to make life cycle
assessment of the system for bio-methane production and supply to industrial plant via the
natural gas grid. The results can be used to compare alternative energy solutions for the
industry.

Materials and methods

The aim of the study was to make LCA of the system for bio-methane supply to industrial
plant via the existing natural gas grid. Geographic information system program ‘ArcGis’ with
ArcMap and ArcCatalog (ArcGis, 2010) was used to map the bio-methane production plants
and transmission natural gas pipelines in order to estimate length of pipelines for connection of
the facilities to the existing natural gas transmission grid. 42 point and line object files were
created to represent bio-methane stations and to calculate distances for connections,
respectively. The map was created on grounds of the data reported in different sources and
previous studies (Ministry of Economics I & 11, 2013; Cinis, 2013; Dzene et al., 2013). Seven
biogas plants were chosen for this study — the nearest to the brick factory located in Ozolnieki
district, Latvia and having relatively large annual production volume of biogas relative to the
length of connection to the natural gas grid. The study was based on the data reported in the
polluting activities permits issued to the bio-methane production plants in Latvia (‘A’ category
permits Nol-No7, 2011-2013). Since the database for country specific processes is not
available, LCA software (SimaPro, 2013) with Ecolnvent (v2.2) database was used to model
and analyse environmental impacts caused by bio-methane production and transportation from
the bio-methane production facility to the natural gas transmission pipeline via the connecting
pipe. For this study only system processes that are most relevant to Latvian conditions were
selected from the database:

- For bio-methane production process “Methane, 96%, from biogas, at purification” was

used. Included electricity consumption and emissions represent the raw gas compression,

H>S removal, gas conditioning and methane enrichment of biogas. Infrastructure

expenditures are included employing generic data for facilities of a chemical plant as a first

approximation. Bio-waste production is not included. A plant using the described
technology is in operation in Switzerland.

- For bio-methane transportation ‘Transport, natural gas, pipeline, long distance” process

was chosen. This dataset describes the energy consumption and the emissions linked to the

transport of 1 ton-km average natural gas in Europe. The data for emissions and for energy
requirements is based on German data.

- “Pipeline, natural gas, low pressure distribution network™ process was selected to

describe the infrastructure needed for bio-methane transportation. This dataset describes

the Swiss low (<0.1 bar) pressure distribution network: life time 40 years and annual
transport is 30 TJ/km/a. Data is based on Swiss data.

The analysed system includes bio-waste collection and transport to the plant, bio-methane
production and transport to the natural gas pipeline including the infrastructure (Fig. 1). Based
on the information about the considered biogas production facilities and connection pipelines,
life cycle assessment (LCA) is done for the functional unit of 1 MWh of bio-methane energy.
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Figure 1 Processes considered within the system boundary.

Environmental characterization was done at midpoint impact category level and by
calculating the single score impact indicator. To make the study results comparable with
previous studies and make the results applicable for ecodesign purpose the following two
impact assessment methodologies were used:

- ReCiPe which is the most recent and harmonised indicator approach available in life

cycle impact assessment and comprises harmonised category indicators at the midpoint

and the endpoint level (SimaPro Database Manual, 2013);

- Eco-indicator’99 which is one of the most widely used impact assessment methods in

LCA, which also allows the environmental load of a product to be expressed in a single

score (SimaPro Database Manual, 2013).

For the study ReCiPe Endpoint (Europe ReCiPe HA) (Goedkoop et al., 2013) and Eco-
indicator’99 (Europe EI 99 HA) methodologies (Goedkoop & Spriensma, 2001) were selected.
‘H’ refers to the weighting set belonging to the ‘hierarchist perspective’. ‘A’ refers to the
average weighting set and is recommended by the developers of both methods. ‘Hierarchist
perspective’ was chosen because it is often considered to be the default model (SimaPro
Database Manual, 2013) and described (Marceau & Vangeem, 2002; De Schryver, 2010) as the
one which takes a long-term look at all substances if there is consensus regarding their effect.

Only those impact categories which had at least 3% of the total environmental impact were
chosen for further analysis. Hence, the five impact categories of the ReCiPe and
Ecolndicator’99 methods were considered.

Tables 1, 2 summarises characteristics of the selected bio-methane plants. Bio-methane
plants which were chosen for analysis are marked with numbers 1’ to “7’. The plants use
combination of different bio-waste to produce bio-methane (Table 1). Amount of produced
biogas and upgraded bio-methane varies throughout plants due to the different sizes of the
plants, i.e. installed electrical capacities, amounts and contents of input and other factors
(Table 2).
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Table 1. Type of bio-waste used at the selected bio-methane plants

Plant Nol No2 No3 No4 No5 Nob6 No7
Manure v v v v v v v
Silage, plants and/or residues v v v v v v v
Com v Y/ v Yy
Grain and/or grain flour v v v v v - v
Whey y oLy
Animal by-products v - - v - v v
Table 2. Data for the selected bio-methane plants

Plant Nol No2 No3 No4 No5 Nob6 No7
Bio-waste input

[10° ty!] 5450 54.50 13.07 16.50 21.40 40.00 24.90
Installed electrical capacity

[MW] 1.95 200 050 050  0.60 1.00 1.00
Potential bio-methane yield

[GWh y'] 4526 4123 4246 14.67 1232 70.58 20.66
Distance to the natural gas grid

[km] 0.8 4.6 6.5 6.6 12.1 12.7 18.9

Data required for the study were obtained from the biogas station pollution permits (‘A’
category permits No1-No7, 2011-2013), previous studies (Cinis, 2013). Further calculations
of the best scenario for injecting upgraded biogas into the natural gas pipeline were carried out
by taking into account the bio-methane production capacity of the plants and distances from the
plants to the natural gas transmission grid estimated with the program ArcGis (ArcGis, 2010).

Results and discussion

According to the calculations using Ecolnvent (v2.2) database (SimaPro, 2013) results of
environmental impact of 1 MWh energy from the biomethane plant Nol including
infrastructure varies from 9.92 Pt MWh'! when assessed using ReCiPe method (and 6.29 Pt
MWh ! when using the Ecolndicator’99 method) to 10.38 Pt MWh! (6.86 Pt MWh™') for the
plant No7 respectively (Table 3). For comparison, environmental impact of 1 MWh of natural
gas energy is 15.3 Pt MWh'! when ReCiPe method is used for analysis (and 17.6 Pt MWh™!
obtained with Ecolndicator’99 method).

The share of the environmental impact of the infrastructure and transport of the gas, which
includes energy consumption and the emissions linked to the transport, in the total impact is
rather insignificant in the case when bio-methane plant is located close to the natural gas grid
and increases with the distance from it. For example, in the case of the plant Nol

Table 3. The results of the environmental impacts per one megawatt-hour of energy produced at the
selected bio-methane plants in Latvia

Plant Nol No2 No3 No4 No5 Nob6 No7
Environmental impact, Pt MWh'!
ReCiPe 9.92 10.02 10.07 10.07 10.21 10.22 10.38
Ecolndicator’99 6.29 6.41 6.47 6.47 6.64 6.66 6.86

119



which is the closest to the natural gas pipeline the share of the infrastructure and transport is
0.21% (0.4%) of the total environmental impact. But for the most distant plant, i.e. No7, the
share is 4.63% (8.73%). It was found in the study, that infrastructure and transport can represent
more than 10% (or even more than 15% depending on the evaluation method) of the total
environmental impact for the complete bio-methane generation and injection if the distance
between the bio-methane production plant and the natural gas grid is increased up to 30—40 km.
Even if this percentage could be lower or higher depending on the distance from the natural gas
grid, our opinion is that the gas supply infrastructure is still rather important element and should
be taken into account if new energy supply systems are designed and considered, which seems
to contradict with the opinion in Patterson et al (2011). Whereby, in order to reduce the potential
environmental impact, efforts should be made to find the best location for a new bio-methane
plant, also taking into account the distance to the existing gas transmission network as well as
the location of resources for biogas production.

Human toxicity Other impact
4% categories
2%

Particulate matter
formation
4%

Climate change

Fossil depletion
Human health

20%

43%
Climate change
Ecosystems
28% ()
Other impact
Ecotoxicity categories
3% 6%
Fossil fuels

. 31%
Carcinogens
19%
. Climate change
Respiratory 20%
inorganics
21% (b)

Figure 2. Environmental impact by impact category of 1 MWh of bio-methane produced at the plant No7
(ReCiPe method (a); Ecolndicator’99 method (b))
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When using the ReCiPe method the greatest environmental impact occurs in the following
impact categories (Fig. 2): climate change (human health and ecosystem), fossil depletion,
particulate matter formation and human toxicity. Analysis with the Ecolndicator’99 method
shows that the largest impact is caused in the categories fossil fuels, climate change, respiratory
inorganics, carcinogens and ecotoxicity. It may mean that the energy use for production and
transportation of bio-methane is the largest impact factor.

With the increasing distance of the bio-methane production plant from the grid, impact
increases most in the category ‘human toxicity’ (by ~16%), ‘particulate matter formation’
(~9%) and ‘fossil depletion’ (~8%), but slightly (~2%) in the categories ‘climate change
(human health and ecosystem)’ when analysis is carried out with the ReCiPe method. If the
Ecolndicator’99 method is used, environmental impact mostly increases in such categories as
‘carcinogens’ (~16%), ‘respiratory inorganics’ and ‘ecotoxicity’ (both by ~11%) and ’fossil
fuels’ (~8%), but slightly increases (~3%) in the category ‘climate change’. Whichever method
is used, the environmental impact increases remarkably in the categories that do not have a
large overall impact. These categories are related to the land use: ReCiPe categories ‘natural
land transformation’ (~40%) and ‘agricultural and urban land occupation’ (~34-39%) and
Ecolndicator’99 category ‘land use’ (~28%).

Conclusions

Results of this study show that although the share of the environmental impact from the
infrastructure which connects distributed bio-methane production facilities to the natural gas
pipeline infrastructure is rather insignificant in the case when the plant is located in close
proximity to the natural gas grid, nevertheless the impact increases with the distance and in
overall can represent more than 10% of the total environmental impact. It can be concluded,
that even if the percentage of environmental impact of bio-methane injection infrastructure is
lower in case of smaller distance from the grid, it is still rather important element and should
be taken into account when new energy supply systems are considered.

Results also indicate that even though the environmental impact of the gas injection
infrastructure increases with distance of the bio-methane plant from the natural gas grid, the
bio-methane still could be considered as environmentally better alternative than the natural gas.

Further studies are necessary to evaluate also economic aspects of the development of bio-
methane system as a renewable energy substitute for the natural gas supply system.
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Abstract

Due to environmental and geopolitical reasons the need for substitution of fossil fuels with renewable alternatives
in industry is augmenting. The main objective was to assess environmental impacts of “cradle-to-gate” brick
production stages and to evaluate the effect of fuel substitution and variation of electricity mix on the impact.
Scenarios with natural gas, bio-methane, first and second generation bio-fuels used as the fuels in industrial furnace
were studied. Scenarios were analyzed using “ReCiPe” and “Ecolndicator’99” impact assessment methods.
Results show that environmental impact can be reduced by circa 50% when natural gas is substituted with bio-
methane or second generation bio-fuel.
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1. Introduction

Production sector of ceramic construction materials is energy-intensive due to operation of
high-temperature kilns for long periods [1], [2]. Due to the energy consumption of machinery,
the manufacturing stage of these materials contributes significantly to global warming by
emissions of greenhouse gases (GHG). Construction sector consumes approximately 40 % of
raw materials used globally every year [3] and bricks are among major materials used for
building construction [4]. Substantial amounts of energy are needed to fire bricks and tiles as
well as melt, shape, and harden ceramics. Although production phase of construction materials
has large environmental impact, the materials have a long life-time and reduce energy
consumption of buildings. Therefore, life cycle assessment data are needed for comparison of
various alternatives for selection of construction materials.

Various studies have been conducted to optimize kilns and plants [5]-[7], to study the effects
of additives on fuel consumption and on mechanical-physical properties of bricks [8]-[10], to
develop sustainable construction materials via waste recycling [11], [12], and to assess life
cycle of buildings or building construction systems [13], [14]. Notwithstanding, less attention
seems to be paid to evaluation of environmental impact caused by the production of certain
types of construction materials, or to rate changes of environmental impact caused by the
substitution of fuel.

* Corresponding author. Tel.: (+371) 67517739; fax: (+371) 67089908.
E-mail address: mara.repele@rtu.lv.
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As to the first, only a few studies are published which show evaluation of the environmental
impact of ceramic building materials. The study of environmental assessment of brick
production in Greece [4] used the method Ecolndicator’95 to quantify the impact. This method
is a predecessor of the Ecolndicator’99 method. But currently even more recently developed
methods such as the ReCiPe [15], which is used to evaluate environmental aspects of brick
production in Latvia in the present study, are available.

There are studies related to energy efficiency improvements or use of renewable energy
sources [16], [17] for reduction of GHG emissions per unit of production. However, it is
expected that the energy “embodied” in the construction materials will become more critical in
future as the energy efficiency of buildings will increase. In the Reference Document on best
available technologies (BAT) in the Ceramic Manufacturing Industry (issued by the European
Commission) it is mentioned that mostly natural gas, liquefied petroleum gas and extra light
fuel oil are used for brick firing at present time. Other energy sources, e.g. liquefied natural gas,
biogas, biomass, electricity, heavy fuel oil and solid fuels (e.g. coal, petroleum coke) are used
in burners of furnaces [1]. In the Reference Document it is declared that environmental benefits
could be achieved by switching from heavy fuel oils or solid fuels to natural gas (also liquefied
petroleum gas and liquefied natural gas). It is also noted that renewable energy sources could
play arole as energy sources for burners, but there still exist information gaps — lack of emission
and consumption data [1].

Studies based on life cycle inventory data [18], [19] show that if bio-methane is substituted
for natural gas, GHG emissions can be reduced by nearly 80%. It can be claimed that
substitution of fuels in this type of industry can give more substantial environmental benefits
than gradual improvements of equipment efficiencies. Recently Ellersdorfer and Weif have
described integration of biogas plants in the cement industry from the energy and economical
point of view [17]. However, more detailed study based on life cycle assessment and
considering other alternatives, e.g. bio-fuels is needed. Therefore, in this research three different
renewable energy sources, i.e. bio-methane, as well as 1° and 2™ generation bio-fuels, for the
use in Latvian ceramic brick industry are compared on the basis of environmental impact.

The research questions for this study are the following: how large are environmental impacts
created by processes of brick production in Latvia and how these impacts change if energy
sources used for the production, i.e. fuel for heat supply and electricity mix, are varied? The
main goal of this study was to characterize environmental impacts of brick production stages
(“cradle-to-gate™) at midpoint and endpoint impact category level (1), to evaluate the effect of
fuel substitution and variation of electricity mix on the environmental impact (2). The results
were primarily targeted for the purpose of ecodesign applied to the building sector as well as to
reduction of environmental impact of brick production industry. Results of the study are
important for building design and construction material industry as well as planning of future
energy supply systems. Bricks manufactured in Latvia are exported to many countries therefore
the results are relevant for wider region. This study continues the previous research [18]—[20]
where environmental impact of building materials for the purpose of ecodesign were
characterized, environmental aspects of substitution of the natural gas by bio-synthetic natural
gas were analyzed, and life cycle assessment of biomethane supply system was carried out, by
considering more fuel alternatives for brick firing and using LCA methodology with two impact
assessment methods.

2. Materials and methods

Life cycle assessment (LCA) methodology was used to characterize ‘“cradle-to-gate”
environmental impact of bricks produced in Latvia. LCA is one of the most important tools for
ecodesign, and it covers multitude of environmental aspects [21]-[23]. LCA in this study is
made following the procedures set by ISO standards 14 040 and 14 044 [24], [25].
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The study aims to assess the changes of the environmental impacts when natural gas which is
currently used in brick firing furnace, is replaced by bio-methane and liquid bio-fuels. The
influence of electricity supply mix on environmental impacts was studied as well.

2.1. Functional unit and system boundary

One ton of brick was chosen as a functional unit and the reference flow for the purpose of the
present study. The system investigated, including the main inputs and outputs, is shown in the
Fig. 1. Construction of the plant was not evaluated in the study.

Water consumption: Natural gas Electricity Combustible additives ~20300
Household needs — 1194 m*/a Production proc. 6800000 m*/a Production proc. 4800 MWh/a ta
Production processes — 6 m’/a Heating 844000 m*/a Lighting 24 MWh/a Oil for maintenance 0,6 t/a

Packaging materials:
PE film 173 t/a
{ IWooden palettes 3200 t/a

Clay extraction and ! . . . .

System | Packing | |
\Eondary =
—_— e — —— — — —_— e — — — = CO,— 14292 t/a
135 000 tons Unsorted municipal = PM;o 3,879 t/a
ceramic ~
building Distribution waste 9.0 va CN% 827é9§$ tt/ja
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Fig. 1. Schematic presentation of the system boundary and the main inputs and outputsLife cycle impact
assessment methodology and types of impacts

The LCA software “SimaPro 8.0.0” [26] was used to model and analyze environmental
impacts caused during a product’s life-cycle. Ecolnvent (v2.2), European Life Cycle Database
(ELCD v2.0) and U.S. Life Cycle Inventory (USLCI) database were used. Only system
processes from the databases were selected for this study.

Environmental characterization of “cradle-to-gate” brick production was done both at
midpoint impact category level and by calculating the single score indicator. To make the study
results comparable with recent studies performed worldwide and applicable for ecodesign
purpose in cases where Latvian produced ceramic materials are involved, the following two
impact assessment methodologies were used:

- ReCiPe which is the most recent and harmonized indicator approach available in life cycle
impact assessment and is an improvement on CML 2000 and Ecolndicator’99. ReCiPe
comprises harmonized category indicators at the midpoint and the endpoint level;

- Ecolndicator’99 is one of the most widely used impact assessment methods in LCA and
the first endpoint impact assessment method, which allowed the environmental load of a
product to be expressed in a single score. Ecolndicator’99 method was used in this study
since during the recent years many other studies were based on this method and therefore
the results of this study can be compared with the results of other researchers.

Both methods have been created for three different cultural perspectives: Egalitarian,
Hierarchist and Individualist to consider the potential damage from a particular substance [26].
Only the Hierarchist perspective is selected for the study. Hierarchist perspective is described
[27]-[29] as the one which takes a long-term look at all substances if there is consensus
regarding their effect. Hierarchist perspective coincides with the view that time perspective is
balanced and impacts can be avoided with proper management. Hierarchist is often considered
to be the default model and was also chosen for this study. Therefore, for the study ReCiPe
Endpoint (Europe ReCiPe H/A) [29] and Ecolndicator’99 (Europe EI 99 H/A) methodologies
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[30] were selected. "H" refers to the weighting set belonging to the hierarchist perspective. "A"
refers to the average weighting set and is recommended by the developers of both methods.

Only those impact categories which had at least 5% of the total environmental impact were
chosen for further analysis and are shown in the results. Hence, the following six impact
categories of the ReCiPe method were considered: (1) fossil depletion, (2&3) climate change
(human health and ecosystem), (4) particulate matter formation, (5) agricultural land occupation
and (6) terrestrial ecotoxicity. Similarly five impact categories were considered for
Ecolndicator’99 method: (1) fossil fuels, (2) respiratory inorganics, (3) climate change, (4)
carcinogens and (5) land use. “Cradle-to-gate” LCA was performed and the system boundary
include clay extraction and processing, shaping, drying and firing of bricks, and packaging. The
aim of the study was not comparison of the results obtained by ReCiPe and Ecolndicator’99
methods but results, despite the differences and sensitivity in the methods allow to arrive at
similar conclusions regarding the choice of scenarios.

2.2. Types and source of data

The study was based on one year operational data obtained from the site visits to brick factory
and data reported in the polluting activities permit issued to the company [31]. The main
inventory results are presented in Fig.1.

Life cycle impact of production depends on electricity sources which in turn depend on power
market conditions. Therefore, the assessment was started by setting up two electricity supply
mixes which are referred to as “A” and “B” in order to find out the influence of electricity
market conditions on environmental impact of the brick production. If during winter electricity
prices in “NordPool Spot” market are relatively high, domestic natural gas-fired cogeneration
plants are competitive and produce circa 40% of gross annual power consumption (scenario
“A”). Another 40% of the gross annual power consumption is supplied by local hydropower
plants and remaining 20% are imported. However, if the market electricity prices are low,
district heat is produced by heat-only boilers and share of cogeneration plants reduces to 20%
while share of the imported electricity increases to 30% (scenario “B”). The remaining
electricity is supplied by hydropower plants.

Since the large share of imported electricity in Latvia is supplied from Estonia, it was assumed
that 90% of the electricity import comes from Estonia and 10% from the Nordic countries. Oil
shale is the main fuel for power production in Estonia and around 90% of the electricity is
produced in oil shale - fired Narva condensing power plants [32]. For the purpose of life cycle
impact assessment, lignite was used instead of oil shale and hydropower was used as the
electricity production source in the Nordic countries. It is reasonable to assume that for
conditions of low electricity market price (scenario “B”) large share of the gross annual power
consumption is supplied by hydropower since the low power price is characteristic for the
periods with the increased hydropower production.

In order to analyze life cycle impact of production depending on fuel, four different fuel
scenarios, referred to as “N”, “M”, “F1”” and “F2”, were created. The scenario “N” refers to the
existing situation where natural gas is used for firing furnaces. The scenario “M” refers to using
bio-methane instead of natural gas. Life cycle impact when 1% generation and 2™ generation
bio-fuels are used for the production was assessed in the scenarios “F1” and “F2” respectively.
Construction of the bio-fuel plants was not included in the study.

Bio-methane as a renewable substitute for natural gas was selected for the study. Bio-methane
can be produced locally by the anaerobic digestion of organic waste (such as plant material,
animal manure, sewage, organic waste, etc.). Bio-methane is considered as one of the most
viable renewable substitute of natural gas [33] since after removal of contaminants, the bio-
methane can be used as the natural gas utilizing advantages of the well-developed natural gas
infrastructure. Biogas, due to sufficiently high average heating value (21 MJ/m?® with 60%
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methane), can also be directly used as a fuel in burning processes [17] but, because biogas
cannot be injected into the natural gas grid, it cannot be considered as a direct substitute for the
natural gas if not upgraded to the quality of the natural gas.

Rape methyl ester was chosen as the 1% generation bio-fuel for the scenario “F1” and
vegetable oil from waste cooking oil was chosen as the 2™ generation bio-fuel for the scenario
“F2”. Data for life cycle impact assessment of these fuels were taken from the SimaPro
database. Lower heating value for the both bio-fuels was assumed to be 37.27 MJ/kg for
calculations of the necessary amount of fuels.

Natural gas is used mainly in the firing stage and circa 11% are used for heating needs. Hence,
all the natural gas consumption as well as emissions to air is limited to this stage only. Clay
processing stage has the largest electricity consumption therefore it is assumed that in this stage
40% of all electrical energy is used. 25% of electricity is consumed in both drying and firing
stages, but 5% of the electricity is used in the forming and packing stages.

3. Results and discussion

Results of environmental impact of the electricity mix obtained with ReCiPe method for
scenarios “A” and “B” are 13.8 mPt/MJ and 13 mPt/MJ respectively. Study with
Ecoindicator’99 method gave larger difference, i.e. 12.4 mPt/MJ and 10 mPt/MJ respectively.
Result of the scenario “A” and the result available in ELCD database [26] for Latvian medium
voltage electricity mix agree very well. When electricity scenario “B” is used instead of “A”
environmental impact per functional unit, expressed as a single score, reduces by only 0.6% for
ReCiPe (or by 2.2% for the Ecoindicator’99 method). Since variation of electricity mix
insignificantly impact the resulting total impact, only the electricity mix of scenario “A” was
used for further analysis.

Table 1. Environmental impacts related to the production processes per functional unit obtained with ReCiPe
method*

Scenario N M F1 F2
Fuel (%) 81 (76) 64 (52) 90 (94) 57 (63)
Electricity (%) 11(12) 20 (24) 6(3) 24 (18)
Clay extraction (%) 2(4) 4(8) 1(1) 5(6)
Additives (%) 2(3) 4(5) 1(1) 5(5)
Packaging (%) 4(5) 8 (11) 2(1) 9(8)

*The results obtained with the Ecolndicator’99 method are indicated in brackets

Assessment of environmental impacts of production of 1 ton of ceramic building materials
with ReCiPe method shows that the largest share of the environmental impact for all scenarios
is associated with the consumption of firing fuel and electricity. Impacts created by clay
extraction, added sawdust (combustible additive) and packaging materials (polyethylene film
and wooden pallets) have minor and similar impact (Table 1: the results obtained with the
Ecolndicator’99 method are indicated in brackets).

When natural gas is replaced with bio-methane (scenario “M”), total environmental impact
is reduced by 46% by the ReCiPe method (Fig. 2a) and by 51% if the Ecolndicator’99 method
is used for assessment (Fig. 2b). If 2" generation bio-fuel is used instead of natural gas (scenario
“F2”), impact is reduced by 55% and 35% respectively. In contrast, the use of the 1% generation
bio-fuel (scenario “F1”) would greatly increase environmental impact for both methods, i.e. by
93% and 321% respectively. The increase of environmental impact may be associated mainly
with cultivation of rapeseeds requiring use of land and fertilizers.
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Comparing results for scenario “N” with the total environmental impact calculated for brick
production process from the Ecolnvent (v2.2) database, it can be concluded that ceramic
building material production in Latvia, using natural gas as a firing fuel, causes by ~18% less
environmental impact when the ReCiPe method is used, and by ~10% less if the
Ecolndicator’99 method is used. This difference may arise due to discrepancies in fuel
consumption input. As we know bricks, suitable for different purposes, differ in the composition
and quality of the raw materials, weight and size of the bricks, and other factors. Thus, the
duration of the firing and temperature, and fuel consumption may vary.

@ Other impact

a 32 categories b 5;5 & Other impact
55 1 categories
28 [ Terrestrial
ecotoxicity OLand use
24 | 45
8 Agricultural land
occupation M Carcinogens
20 1 35
H Particulate
Pt 16 matter formation Pt 25 | B Climate change

O Climate change
Ecosystems

12 4
Resp. inorganics

Climate change

Human Health B Fossil fuels

B Fossil depletion

-5
N M F1 F2 N M F1 F2
Scenario Scenario

Fig. 2. Cumulated single score results of environmental impact per functional unit obtained using (a) ReCiPe and
(b) Ecolndicator’99 impact assessment method for the considered alternatives of the firing fuel. “N” — natural
gas; “M” — bio-methane; “F1” — 1% generation bio-fuel; “F2” — 2" generation bio-fuel

Due to use of natural gas most affected impact categories for the scenario “N” are fossil
depletion and climate change when ReCiPe method is used (Fig. 2a) and fossil fuel category
with Ecolndicator’99 method (Fig. 2b). For the scenario “M” the greatest impact is in the same
categories as for the scenario “N”, i.e. fossil depletion and climate change for ReCiPe and in
the categories fossil fuel and respiratory inorganics if Ecolndicator’99 method is used. These
impacts are associated mainly with the usage of fossil fuel for biogas production and
purification.

Results of the scenario “F1” differ from the results of the two preceding scenarios in that the
major impact occurs in categories related to the agricultural land occupation and terrestrial
ecotoxicity (31% and 23% of the total impact respectively) with ReCiPe (Fig. 2a) and land use
(67% of the total impact) with Ecoindicator’99 (Fig. 2b). These impact categories can be related
to the soil cultivation, sowing, weed control, fertilization, pest and pathogen control, harvest
and drying of the grains necessary for the production of 1% generation bio-fuel.

In the scenario “F2” the greatest impact occurs in two categories — fossil depletion and
agricultural land occupation (27% and 25% of the total impact) with ReCiPe (Fig. 2a) and
similarly as in scenario “F1” in land use category (46% of the total impact) with
Ecoindicator’99 (Fig. 2b). Environmental impact in those categories could arise from the
consumption of fossil fuel for the esterification process of the vegetable oil to methyl ester and
glycerin, as well as for farming processes to obtain grains necessary for the production of
vegetable oil.

Koroneos and Dompros using Ecolndicator’95 method calculated that the impact indicator
of the 1 ton of brick production in Greece is 0.35 Pt if pet-coke is used for firing [4]. When
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Ecolndicator’95 method was used in this study for the purpose of comparison of the results,
the obtained cumulated single score indicator for the 1 ton of bricks was 0.15 Pt if natural gas
or 2" generation bio-fuel is used; 0.29 Pt if bio-methane is used; and 0.54 Pt if the 1% generation
bio-fuel is used.

4. Conclusions

The total single score results indicate that the most substantial decrease of environmental
impact of brick production may be achieved if natural gas is substituted by bio-methane for
firing of the bricks. It is important to consider that this option would not require technical
changes of furnace burners. The second best alternative from environmental point of view
would be use of the 2" generation bio-fuel. However, technical adjustments for firing of the
fuel may be required. Use of the 1* generation bio-fuel would have the greatest impact on the
environment by far exceeding the scenario where natural gas is used as the firing fuel. The vast
impact in this case may be related to the land use, all of the agricultural activities, including
also fertilization. Variation of electricity mix due to power market conditions does not have a
significant effect on the total environmental impact for the studied electricity supply system:
environmental impact per functional unit reduces by only 0.6% if ReCiPe (or by 2.2% if
Ecoindicator’99) method is used.

Supply of bio-methane to industry could be done via the existing natural gas supply
infrastructure. Technical, environmental and economic criteria of alternatives for development
of bio-methane supply system which is based on the natural gas grid need to be studied to find
out optimal solutions.
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Abstract

Upgraded biogas injected into a natural gas grid may provide considerable increase of renewable energy share
within the natural gas-fired systems. The goal of the study is to determine the costs of biomethane produced in
distributed biogas plants and injected into the natural gas grid. The analyzed system includes biogas upgrading
and transport to the natural gas pipeline including the infrastructure. The total costs of biomethane production for
3 different scenarios and 5 biogas upgrading methods are determined. The results show that under the most
favourable scenario the injected biomethane is approximately 19% more expensive than the natural gas.
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1. Introduction

Upgraded biogas (biomethane), unlike wind energy is a well manageable energy source
which can be stored, distributed and used in the same way as natural gas. Therefore it is one of
the most viable renewable substitutes for natural gas [1]. In recent years, biogas production has
gained essential importance [2]. Biogas, produced in distributed units, upgraded to the quality
of natural gas and injected into the natural gas grid may provide considerable opportunities for
increase of renewable energy sources (RES) within the natural gas-fired systems [3]. In this
way, it can abate the emissions of greenhouse gases (GHG), and thus contribute to sustainable
energy supply [4]. It can also be a tool that may be used to alleviate the problems of global
warming, energy security and waste management [5, 6]. Usage of RES is important for
reduction of energy dependency on imported resources and it is also a part of the European
Union’s (EU) common objective and therefore observed by Latvia [7]. Latvia has committed
that by 2020 the share of RES in the final energy consumption will be increased to 40% [8] and
production of biomethane can help to achieve this target.

Biogas can be used on-site, in combined heat and power (CHP) units or upgraded to
biomethane and used as a vehicle fuel or for the generation of power [9], [10]. When using
biogas on-site for electricity-only applications (e.g. if there is insufficient local heat demand)
only 30-35% of the gas energy is utilized. But if the biogas is transported via natural gas pipeline
system and used in an efficient CHP or even efficient and modern domestic boiler, more than

* Corresponding author. Tel.: (+371) 26193201.
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90% of the energy could be utilized [4]. Biomethane injection also enables renewable heat to
be delivered into the district heating grid [4]. Since over 70% of dwellings and apartment houses
in Riga [11] and other Latvian cities are connected to the district heating network, injection of
biomethane into the gas grid gives the biogas producer access to a much larger market than if
the biogas is sold and used locally [4]. While in Europe the number of manufacturers of biogas
upgrading plants increases every year [2] there are no biogas upgrading stations in Latvia yet.
Biomethane (either pure or in blend with natural gas) is used as a fuel for vehicles in
12 European countries. It is also used for heating purposes either directly or blended to natural
gas [3].

Under current market conditions, biomethane cannot compete with natural gas in sales price
yet [3], [7], [8]. And hereby studies are carried out to compare biogas upgrading technologies
[4], [11], [12], as well as to find the most cost-effective and technically suitable way,
considering also environmental benefits, for biogas and/or biomethane utilization [13]-[17],
including grid injection and distribution [5], [6], [18], [19], or integration biogas plants in the
industry [20], [21]. Research on the technical and economic potential of biomethane production
and injection into the natural gas grid is also carried out in Latvia [22]-[24].

The aim of this study was to determine the production costs of biomethane produced in
distributed generation units via five methods of the biogas upgrading and injected into the
natural gas grid using Latvia’s conditions as the case study.

2. Materials and methods

The geographic information system program “ArcGis” with the “ArcMap” and the
“ArcCatalog” [25] was used to map all Latvia’s biomethane production plants and natural gas
transmission pipelines and estimate the distances from the plants to the natural gas transmission
grid. 42 point and line object files were created to represent biogas stations in Latvia and to
calculate distances for connections. The map was created on grounds of the data reported in
different sources and previous studies [9], [26]-[28]. Three biogas stations were selected for
technical and economic analysis with the aim to determine an optimal biomethane production
and injection solution (Fig. 1).

The choice of the biogas plants and locations was based on the following criteria:

e the plants should be located in a sufficient distance from natural gas transmission
pipelines;

e the plants must be sufficiently dispersed and not located a few kilometers away from
each other;

o the plants should be located in the same region.

In this study, five commercially available biogas upgrading technologies were used for cost
calculations — (1) water scrubbing, (2) amine scrubbing, (3) membrane separation, (4) physical
scrubbing with organic solvents and (5) pressure swing adsorption [29]. To find the most cost-
effective biomethane production method, three different scenarios for the selected biogas plants
were considered:

e Scenario 1: each biogas plant has an upgrading facility and biomethane is produced at
each individual biogas plant and delivered to the natural gas grid.

e Scenario 2: biogas from each plant is delivered to the large upgrading plant for
biomethane production and subsequent injection into the natural gas transmission line.

e Scenario 3: instead of distributed biogas production, raw materials from the farms are
delivered to a single joint biogas and biomethane production facility.
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Figure 1 Biogas plants chosen for technical and economic assessment

In Scenario 2 the total input of biogas flow from all three biogas plants in the methane
extraction facility is 1280 m*/h for the amine scrubbing method and 1345 m’/h for other
methods. In the 2™ scenario, the biogas upgrading costs are lower than in the 1 scenario due
to the lower specific total investment in the upgrading facility. In Scenario 3 biomethane
extraction costs are the same as in the 2" scenario, but biogas production costs and the gas
transportation costs are different. In the 3rd scenario raw materials are transported using the
existing road infrastructure.

The study was based on the data available for the selected biogas plants, i.e. the amount and
composition of the produced biogas reported in the polluting activity permits issued to each
biogas production plant in Latvia [30]-[32]. Based on the data on the composition of biogas, it
was assumed that 0.62 m> methane can be gained from 1 m® of the biogas on average. The total
costs of biomethane production depend on the investment in connection gas pipelines and
biogas upgrading facilities as well as operating costs of the upgrading facility. The operating
costs include water, electricity, heat and biogas production costs. Capital costs were calculated
for the economic lifetime of 10 and 20 years. Based on information of the natural gas supplier
[33], it was assumed that gas pipeline construction costs are 55 EUR/m. Considering, that it
may be impossible to construct the pipeline connection with the shortest distance determined
by the “ArcGis” ruler, a correction factor of 1.1 was used to increase the length of the pipeline
connection. To calculate the investment costs for all biogas upgrading methods, data on the
specific investment depending on biogas input flowrate in m>/h was used (Table 1) [29].

Table 1. Upgraded biogas input flowrate of the biogas plants

Size-biogas input flowrate

Plant for the amine scrubbing  for the other four biogas upgrading
method methods

No.1 937 m’/h 984 m’/h

No.2 213 m*/h 224 m’/h

No.3 130 m’/h 137 m’/h

The corresponding biogas input flowrates of the analyzed plants were taken from their “A”
category pollution permits. A heat is required for biogas production and for the amine scrubbing
upgrading method and it was assumed that the on-site biogas-fired boiler is used for the heat
supply. Thus, the amount of the biogas available for biomethane production in the amine
scrubbing method is reduced by the amount required for the heat production.
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Table 2. Specific investment of biogas upgrading technologies

. . Equation f
Biogas input flow rate, m*/h quation for

calculation of the “R
Biogas upgrading method 250 500 700 1000 1400 specific investment’ squared”

Water scrubbing, 5000 2000 1000 1000 1000

y = 980693x0%! 0.86
EUR/(m’/h)
Amine scrubbing, 5400 3000 2357 2000 1607

y = 239254x70-6% 0.99
EUR/(m’/h)
Membrane separation, 4400 2900 2286 2000 1786 y = 81046053 0.98
EUR/(m’/h)
Physical scrubbing, 5000 2000 1000 1000 1000 0.99

y = 980693x0%! 0.86
EUR/(m’/h)
Pressure swing adsorption, - 3000 2200 1750 1500 y = 185034x067 0.98
EUR/(m’/h)

The lower heating value of biogas was assumed to be 6 MWh per 1,000 m? [34] and it was
calculated that circa 3% of the total amount of biogas produced at the each station is required
for the heat production. Based on the data [29], the functions for calculation of the specific (per
m3/h of the biogas input flowrate) investment in biogas upgrading infrastructure were derived
(Table 2).

For the plants where the biogas input flowrates were outside the range of validity of the
equations shown in Table 2, the specific investment was calculated using the data for the
reference plant.

The operating costs of the biogas upgrading facilities were calculated using the data shown
in Table 3.

The electricity tariff applied in the calculations of electricity costs was 0.151 EUR/kWh [35].
The water price of 1.24 EUR/m> was used for the calculations of the water costs [36]. Heat
costs are calculated considering the capital, operation and maintenance costs of the biogas boiler
[37], as well as biogas and biomethane production parameters [29].

Table 3. Resources required for the biogas upgrading methods [3]

. . pressure

water amine membrane  physical .
scrubbing  scrubbing  separation  scrubbing SWIng
adsorption
Water consumption, m*/m? of biogas 22(10°%) 3(10°%) - - -
— - B

E}ectrlclty consumption, kWh/m’ of 0265 01 022 025 023

biogas

Thermal energy consumption, 0.55 ) ) )

kWh/m® of biogas '

The total costs of the biogas in 1 MWh of biomethane in the 3™ scenario (Table 4) is lower
than in the other two scenarios, since single joint biogas production plant is used instead of the
three separate biogas plants which have smaller biogas production volume each. The operating

3 x - biogas input flowrate (m*/h); y - specific investment cost (EUR/(m’/h)). Note: the equations are valid within the range of biogas input
flowrate from 250 to 1400 m*/h (500-1400 m3/h for the “pressure swing adsorption method”).
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costs for 10 and 20 year economic lifetime differ due to the difference in the capital costs of
heat production.

Table 4. Biogas production parameters and the total cost of the biogas in 1 MWh of the biomethane for all
3 scenarios

Scenario .
Parameter 1 &2 3 Unit
Investment:
raw biogas flow of: 4 million m3/year 6.84 MEUR
12 million m3/year 15
Capital costs (10 years) 51 36 EUR/MWh
Capital costs (20 years) 37 26 EUR/MWh
Electric power equipment capacity 18 36 kW
Equipment heat capacity 148 677 kW
Operating costs (10 years) 30614 (1.4) 70939 (1.1) EUR (EUR/MWh)
Operating costs (20 years) 28238 (1.3) 69500 (1.0) EUR (EUR/MWh)
Raw material costs 7 7 EUR/MWh
Total costs (10 years) 59 44 EUR/MWh
Total costs (20 years) 45 34 EUR/MWh

To ascertain the costs of raw material transportation from the location of each farm to the
biogas production and upgrading plant in the 3™ scenario, the distances were determined using
a road map [38] and the location coordinates which were entered into the "ArcGis" software.
The distance from the plants No.1 to No. 3 to the biogas production and upgrading plant is 29,
35 and 13 km, respectively. Data for the calculations of the transportation costs (amounts of
raw materials) were obtained from the “A” category permits [30] - [32] and from the study
funded by the European Commission (the costs per ton-km) regarding the costs of the public
transport as a function of distance traveled [39]. Because the data of transportation costs in the
Baltic countries were not available, the transportation costs were calculated using the costs
value given for the Eastern Union heavy vehicle (0.07 EUR/ton-km) [39].

3. Results and discussion

The total cost of biomethane per 1 MWh in the 1st scenario is quite similar for all upgrading
methods with the difference of about 3 % (Fig. 2). All five discussed biogas upgrading methods
are commercially available [13]. As studied in [5], the economic performance is sensitive to
such factors as the biogas yield and the biomass (raw material) costs, but pipeline costs,
electricity price and biomass transportation costs are of minor influence. The total cost in the
2" scenario (Fig. 2) is by circa 2% to 4% lower (depending on the type of treatment method)
than in the 1% scenario. The greatest share of the total costs of biomethane (72% to 77% —
depending on the biogas upgrading method) is taken by the biogas production costs (Fig. 2),
and that is true for all other scenarios. The total cost in the 3™ scenario (Fig. 2) is by circa 22%
to 27% lower (depending on the type of treatment method and on the economic life time) than
in the 2" scenario. Therefore, it can be concluded that the 3 scenario has the lowest costs (Fig.
2) although it may be most difficult to implement for the existing biogas plants. However, it
could be a feasible option for the new plants. For the existing biogas plants the 2" scenario
could be the preferred solution. It can also be concluded that the cheapest biogas upgrading
methods are amine scrubbing and physical scrubbing with organic solvents (Fig. 2). In 2012,
the water scrubber was the most popular upgrading technology, followed by the pressure swing
adsorption and chemical adsorption.

The price of natural gas, which is 39 EUR/MWHh, is by about 54% lower than the total costs
of the delivered biomethane in the 1% scenario if the economic lifetime used in the calculations
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is 10 years and by about 40% lower if the economic life time is 20 years, and if the most
favorable upgrading method is chosen (Fig. 2). The price of natural gas is by about 52% lower
than costs of the biomethane in the 2" scenario for 10 year economic life time and by about
36% lower for the economic life time of 20 years (Fig. 2).

In the 3rd scenario, the price of natural gas is by about 34% lower than the total cost of
injected biomethane for a 10 year economic life time and by 16% lower for the economic life
time of 20 years (Fig. 2). In research presenting results of 2012 [40] it is shown that in the
scenarios that included biogas upgrading to biomethane for the injection into the gas network,
only the scenario with coupled small-scale CHP unit covering internal heat requirements could
reduce the overall impact on fossil fuel degradation, compared to electricity generation alone.

Scenario 1 Scenario 2 Scenario 3
L L — L N0
go | —|-1-|-| 80 —t—1— | 01— go- Transportation costs
I A A N B N A R AN AR =
s | [ L[ 1 so [ 1 || S0 e , ) ,
He -1 - L-1-+1-1 = 60 - Biogas production costs
S 60 | Se L+ > ,l,l, ,,l,, |
2 i A R B ® I E R R B I
S 50 - °:,‘ 50— — - a 50 = & | N | Capital costs of gas
';_ 40 i B H & ; 40 T EEER £40 H B connection pipeline
o o B B # & i I+] 30 — | mmm Capital costs of
2 30 - © 30 - ‘_: R W B ] i biomethane production
= i # R R N |
E 20 - g 20 E 20 ... mmm Operation costs of
2 i B R B | ; .
10 ’]]:II[ 10 4 10 :.Il;.:l; biomethane production
[ — Price of natural gas
0 - 0 ,l_,_._,l I I 0 - 9
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Biogas upgrading method Biogas upgrading method Biogas upgrading method

Figure 2 Comparison of the total cost of biomethane for all scenarios and all five biogas upgrading methods for
10 and 20 years of economic life time. Reduction of the capital costs calculated for 20 year economic lifetime is
marked with L. Biogas upgrading methods: 1 - water scrubbing, 2 - amine scrubbing, 3 - membrane separation, 4
- physical scrubbing with organic solvents, 5 - pressure swing adsorption

Currently, the legislation of Latvia does not provide conditions for biomethane injection into
the natural gas network. In conditions of no financial support for biomethane production it is
not economically feasible. However, it is necessary to consider energy policy supporting the
injection of biomethane into the natural gas grid. Although biomethane injection currently is
not regulated at the European level, some countries, such as Germany, in 2012 have introduced
legislation regulating biomethane grid injection [41]. In the initial stage, when the first
biomethane generation plants were constructed in Germany, such legislation did not exist in the
country. The first innovative stations were set up by the agreement between the main
stakeholders, such as the operator of the biogas plant, the natural gas network operator and the
authorities [41].

4. Conclusions

Results of the study show that the total cost of the biomethane produced and delivered to the
natural gas grid is circa 46 EUR/MWh when the most favorable upgrading method and 20 year
economic lifetime is used in calculations. Therefore, under current conditions, biomethane
production would need financial support to make the costs compatible with the price of natural
gas, and the minimum subsidy is about 22 EUR/MWh if the existing biogas plants decide to
construct joint biogas upgrading facility. The amount of subsidy for larger joint biogas
production and upgrading facilities could be reduced to as low as about 7 EUR/MWh. Results
of this study also show that if the biogas producers could co-operate in constructing larger joint
biogas production and upgrading facilities (Scenario 3), this would be the most economically
attractive solution. This option most likely could be feasible for new plants in the future. For
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the existing biogas plants, the option to consider would be to construct joint biogas upgrading
facilities as stipulated in Scenario 2.
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Abstract

Support for renewable energy currently is revised in many countries due to perception that the economic burden
caused by the support exceeds the permissible limit. Decreased or suspended support creates instability of
renewable energy production. There is a lack of research related to design of the sustainable renewable energy
support policy which considers the structure of the support policy system in detail leading to successful
implementation of the support. The aim of the study was to create the model which helps to devise biomethane
supply support policy providing controllable and stable growth of the biomethane production over time avoiding
relapsed “overshoots and oscillations” in the system. Due to dynamic and complex character of energy supply
system policy decisions, the system dynamics was used as the method. The results show that the main parameters
which have an impact on stability of the support policy are feedbacks linking the total biomethane support
payments, the granted permits, the perceived limit of the support, willingness to invest in the production assets as
well as time delays of the action resulting from the feedbacks. The results show that biomethane production can
reach up to 610 GWh with the support of 66 EUR per MWh in 2030 without exceeding the perceived support limit
and avoiding fluctuations in the system. The developed method-model can be used by the researchers and energy
policy developers to study the dynamics of investments into biomethane supply systems and the resulting
biomethane production volumes depending both on the sizes of the subsidies provided for the biomethane as well
as the structure of the support system.

© 2015 The Authors. Published by Elsevier Ltd.
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1. Introduction

The most significant local energy resources in Latvia are wood biomass and hydro energy. In
2012 up to one third of the total primary energy consumption were provided by the local energy
resources (int. al. 1.1% by biogas). The rest of the part of the energy resources were imported
from different states of the Baltic region, the European Union (EU) and also from the third
countries, including Russia [1]. Although the share of renewable energy sources (RES) in Latvia
in the final energy consumption is quite high (35.8%), Latvia is still heavily dependent on
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natural gas supplies from Russia [2,3] providing 26.7% of the total primary energy consumption

[1].

Nomenclature

CHP combined heat and power plants
CLD Causal loop diagram

FIP  feed-in premium

FIT  feed-in tariff

LHV lower heating value

MPC mandatory procurement component
RES renewable energy sources

Latvia has set a goal to increase the RES proportion in the gross final energy consumption
by up to 40% and 50% in 2020 and 2030 accordingly, and to reduce energy import from current
third country suppliers by 50% comparing with 2011. [4]. Several problems will have to be
addressed in Latvia’s energy policy in the future, i.e. — (1) requirements for biogas injection
into the natural gas transmission system have not been established [4]; (2) and no requirements
for the gas quality have been defined; (3) withal current national support schemes create an
additional burden on the end users.

According to the report of the European Biogas Association the most common way to
support RES in the EU was FIT [5]. And along with Switzerland, Italy and Greece, Latvia was
one of the EU states where biogas cogeneration plants received the highest support for the
produced electricity — 251 EUR/MWh for plants with the electric capacity up to 80 kW with
efficient CHP production [5]. FIT and the state-determined mandatory procurement system in
Latvia was very successful in promoting RES, especially in the small hydro power sector, where
the production increased from 2.5 to 30 GWh in the period from 1996 till 2001 [6] and also in
the biogas sector. Yet, it should be noted that the technology cost for production of the energy
from RES is expected to decrease with time and expansion of the technology. Therefore, it is
planned to refuse from the FIT in Latvia as it has proved to be suitable for a short term incentive
only [4]. Waiver of FIT is also in line with the EC guidelines where the EU member states are
encouraged to replace the FIT with feed-in premium (FIP) to the market price. That is, States
are suggested to create and initiate support mechanisms developed according to the market-
based principles [7]. In four EU states, i.e. in the Netherlands, Denmark, Estonia and Finland
FIP system is implemented to support producers of electricity from RES [5].

The number of biogas plants in Latvia grew slowly since 2004. To a certain extent this was
urged by the EU and global trends to shift to RES, to some extent also in the context of the
Kyoto Protocol, as well as the fact that EU funds supporting such projects became available
(Latvia joined EU in 2004). It should be noted that several ministries are related with RES
issues in Latvia. Each of them develops their own guidelines, rules and regulations and besides
ministries have a weak mutual communication. Wherewithal, but mainly due to the notable
financial support that became available (e.g. EU-Program for Agriculture is available in Latvia
— it covers about 40% of investments costs) and also due to the regulatory changes in 2007, the
willingness to invest in biogas CHP’s increased rapidly and it created a situation that all the
quotas within mandatory procurement scheme were withdrawn in a very short time. Since 2008,
installed net electric capacities of power plants using RES (including biogas plants) have
rapidly increased. Until 2006 just a few biogas plants were in operation, five years later there
were already 27 biogas plants, ten more plants started to operate in 2012 [5] and 56 biogas
plants sold the produced electricity in accordance with the mandatory procurement in 2014 [8].
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Since the FIT in Latvia is bounded to the price of the natural gas, which has rapidly risen,
also the overall electricity price has increased. That led to a strong dissatisfaction in the
industrial sector. The government decided to take measures to stabilize the situation. In 2011
the quotas (the granting right to sell the produced electricity as the amount of electricity to be
mandatorily procured and the right to receive a guaranteed fee for the electric capacity installed
in a power plant) was suspended and this decision most likely will remain in force until 2017.
Hard to understand, unclear and unstable RES-related legislation led to the situation that the
willingness to invest decreased rapidly and the development of the RES energy sector in Latvia
in recent years has come to a standstill. Also a number of problems were identified and number
of conclusions was drawn. The main of them: there is a need to change the pricing formula;
selection of the quota acquirer should be carried by the price offered; and a well-defined control
mechanism should be initiated. For the latter suggestion, in the case of a new biogas plant the
electricity production had to begin within 24 months of issuance of the license (the quota was
valid for 2 years).

Upgraded biogas (biomethane) is a well manageable energy source. It can be injected
directly into the natural gas grid, stored, distributed and used in the same way as natural gas
and it does not depend on seasonality. Therefore, biomethane is known as one of the most
important renewable substitute for natural gas. But the main barrier for biomethane injection is
the costs of the biogas production, upgrading and creation of the infrastructure. In addition,
there is no legal framework for the biomethane grid injection in Latvia.

As a tool for energy systems conceptualizing, system dynamics (SD) approach is
successfully used to address various energy policy issues both worldwide and in Latvia. For
instance, structural validity of a SD model to assess the energy policy of Pakistan was carried
out by [9]; SD approach in combination with the quality function deployment was used to create
the energy security management model in developing economies, with the Korean gas sector
as an example [10]; to understand the dynamics of electricity generation capacity in Canada
[11] as well as to assess the role of renewable energy policies in energy dependency in Finland
[12] and to analyze the dynamics of the biomethane production chain [13]. SD modeling was
also applied for renewable energy and CO2 emissions in Ecuador [14] and to parse how China
might achieve its 2020 emissions target [15]. The SD approach also has been used in several
studies of the Latvian energy issues before: on wood energy market development [16] and to
promote the use of wood fuel in the Latvian district heating system [17], as well as to design
the future biodiesel policy and consumption patterns [18].

2. Methods

The aim of the study was to create the model which helps to devise biomethane production
support policy providing controllable and stable growth of the biomethane production over time
avoiding relapsed “overshoots and oscillations” in the system. Due to dynamic and complex
character of energy supply system policy decisions, the basically interdisciplinary SD [19-21]
approach was used.
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Fig. 1. Causal loop diagram (CLD) defined in a research to assess the biogas CHP support system.

The scope of the model includes the parts representing a policy for granting biomethane
production permits and dynamics of construction of the physical assets for the biomethane
production. These parts are modeled as co-flows and stocks of permits and physical biomethane
production assets. The model was validated using the data about historic dynamics of increase
of the capacity of the biogas cogeneration plants in Latvia. The historical data were gathered
from the registers of the Ministry of Economics and Central Statistical Bureau of Latvia [2].

Due to the number of factors which have an effect on energy policy, as well as the complexity
of such system, SD approach was used to review the consequences of policies and scenarios.
Fig. 1 shows the main elements and the feedback loops which explain the existing structure of
biogas CHP support system and the problems it created.

According to Fig. 1 and 2, it is a typical S-shaped growth system. Support policy positively
affects number of permits received (+). This in turn increases a granting rate and plant capacity
in operation, and also sequentially capacity in operation is increased by the willingness to
invest. The capacity in operation increases mandatory procurement of electricity that causes
industry dissatisfaction and creates pressure on policy makers and hence causes negative effect
on support policy (-). The problem from the policy point of view was such that policy makers
started to react only when pressure of industry reached a certain level, and the reaction was
sudden termination of permit granting.
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Fig. 2. Comparison of the actual (till 2014), simulated and planned [22] total installed electric capacities of biogas CHP plants.
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Using the structure, which is presented by the above CLD, a SD model is constructed to
develop biomethane supply support policy. According to the Latvia’s national action plan for
promoting renewable energy, Latvia should have the total installed electric capacity of biogas
plants equal to 92 MW by 2020 [22]. Fig. 2 illustrates historical pace and future trend required
to achieve this goal, and if it is chosen to continue support of the electricity produced by the
biogas CHP plants.

The SD model, which represents the historical growth of the total installed electric capacity
of biogas CHP plants was created and verified with the historic data about dynamics of increase
of the capacity of the biogas cogeneration plants in Latvia. The verified model, after some
modifications of the structure (additional auxiliary parameters were introduced and they are
described further), was used to develop future scenarios for biomethane support policy.

Bio-methane support policy is modeled almost the same as the existing biogas CHP support
system (Fig. 3). The structure of the model includes the parts representing a policy for granting
biomethane production permits and dynamics of construction of the physical assets for the
biomethane production. These parts are modeled as co-flows and stocks of permits and physical
biomethane production assets (Fig. 4).

The SD model was developed using the Powersim Studio 8 software platform, and the
simulation period was selected to be 2017-2030.

There are three stocks with the respective flows — (1) permits received and granting and
cancellation rate of permits, as well as the flow of annual permits leading to investment; (2)
capacity under construction and (3) capacity in operation with capacity order rate,
commissioning and de-commissioning rate.

The ‘Granting rate’ in the model of biomethane support policy is influenced by two newly
introduced delayed parameters: ‘Granting rate of de-commissioned permits’ and ‘Effect of the
fraction on the granting rate’. The latter is the main instrument of the support policy, i.e. the
pre-determined relation between the ratio of actual and limit (set by policymakers) values of
the support and annually granted permits of biomethane production capacity. The ‘Cancellation
rate’ represents the permits which are cancelled if not realized during the two year period. It is
assumed that willingness to invest will rapidly increase for the first 3 years since 2017 when
the trust to the support policy will re-establish, and then will remain stable at the level of 75%.
Willingness to invest determines the number of permits leading to investment, i.e. ‘Capacity
order rate’. The ‘Commissioning rate’ is designated by the average construction time (18
months) of the plant and by the ‘Capacity under construction’. The ‘De-commissioning rate’ is
determined by the period of support (10 years) and ‘Capacity in operation’.

Effect of the fraction
+ on the granting rate

Fraction of limit

+ Q of support _
+ Permits + \

Granting rate

received
+

Limit of
support

R Mandatory

Capacity in procurement of
illi operation biomethane
Willingness to/ p

invest + +

Fig. 3. Causal loop diagram representing the structure of the biomethane support policy.
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Fig. 4. The system dynamics model of biomethane supply support policy.

Model also takes into account installed electric capacity of the existing biogas CHP plants,
electricity produced from biogas CHP plants and wherewithal also support payments — FIT for
biogas CHP electricity (an average FIT paid during the last years is 136 EUR per MWh). Spatial
lay-out of the biogas production and upgrading infrastructure was not considered in the study,
but construction of gas pipelines in average distance of 16 km (for one plant) for injection into
the natural gas grid was included in the investments. Limit of support is set at 40 million EUR
per year, which was the average payment during last years to support electricity produced at
the biogas CHP plants.

Due to lack of heat loads for the existing biogas CHP plants, biomethane production instead
of electricity production may be supported in future. Therefore, two different support policies
were considered and simulated using the model:

o Feed-In Tariff (FIT) — the constant previously calculated tariff which is quoted in the long-
term contract between biomethane producer and government

e Feed-In Premium (FIP) — more market-oriented FIT design when a premium payment on
top of natural gas market price is paid. It is assumed that the fixed revenue is guaranteed
and premium varies as a function of natural gas market price. Both, FIT and FIP are
affected by decreasing specific investment in the biomethane production facilities due to
learning effect.
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3. Results and discussion

At present, the amount, which is paid as a support for electricity produced at biogas CHP
plants, is about 36 million EUR. Results show that if the constant FIT is initiated, for the first
three years, while the biomethane industry is in the development stage, amount of support to be
paid would decrease along with the reduction of the amount of electricity produced from biogas
(Fig. 5a). However, in the coming three years, due to development of the sector, the support
limit (i.e. 40 million EUR per year) would be achieved and an overshoot would be caused for
both the support payment for biomethane and the total support payment and it would remain
high (Fig. 5a). Besides, the support would be sufficient to produce approximately 375 GWh per
year in the end of 2030 (Fig. 5b). According to estimates, the most rapid development of the
biomethane sector would begin in the third year (it is assumed that two years are necessary for
plant construction) and would cease in tenth years. The volume of produced biomethane would
even start to decline at the end of 12" year (Fig. 5b).

On the contrary, if FIP support policy would be initiated, biomethane industry would develop
a little bit slower initially, but support payment for biomethane would not exceed the limit (Fig.
6a). In the case of the FIP support policy, the payable amount of support would decrease for the
first four years, but then it would gradually increase, reaching the limit during the next eight
years (Fig. 6a). Moreover, with the FIP support policy 610 GWh of biomethane could be
produced annually at the end of 2030 (Fig. 6b). Like in the case of FIT support policy, the
amount of biomethane produced would start increase in the 3™ year. But unlike the FIT
incentive, development of the biomethane sector would not stop or reduce in the coming ten-
eleven years in the case of FIT (Fig. 6b). On the contrary, in total nearly, by 8,000 GWh more
of biomethane would be produced with FIP than with FIT support policy. It is calculated that
the FIP payment for one MWh of biomethane would decrease by 19 EUR during the period
from 2017 to 2030 and the FIP in 2030 would be 66 EUR per MWh of biomethane.

Analyzing amount of the total support payment that have been disbursed to 2030, it can be
concluded that according to the FIT support policy amount to be paid for the produced
biomethane would be 1,223 million EUR higher that would be paid with the FIP support policy.
This difference is explained by the different policy approaches. FIT could be defined as a
constant previously calculated tariff which is paid for a long period (for example 10 years), but
policymakers can also design it decreasing over time. Whereas, FIP is a market-oriented tariff
with a premium payment on top of the natural gas market price. Therefore, when the natural
gas prices rise, then the payable FIP amount decreases. In addition, the payable FIP amount
also is influenced and decreased due to the learning effect when specific investment in the
biomethane production facilities decreases. Regardless of the chosen policy, the share of the
support for electricity from biogas CHP in the total support gradually declines, because the
support period for the existing biogas CHP plants ends.

According to the Proposal for a European Biomethane Roadmap [23], two years ago
biomethane was produced in 14 European countries and the biomethane sector is evolving quite
rapidly [5]. In 11 European states mostly (100% of cases in the Netherlands and United
Kingdom and ~98% of cases in Germany [24]) biomethane is fed into local natural gas grids.
These facts agree with assumptions about development of biomethane sector in Latvia and
scenario that also in Latvia biomethane would be injected into the natural gas grid. It is clear
that under the current market conditions, biomethane production should be supported to
compete with natural gas sales price. The report’s [23] authors admit that biomethane
production rate would increase, if support mechanism for biomethane grid injection were
introduced to make the production economically comparable with the price of electricity
produced at biogas CHP plants. Currently France and United Kingdom have introduced FIT for
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biomethane injection into the natural gas grid [23]. In France FIT is dependent on the capacity
of biomethane plant and the type of feedstock used.
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And besides preference is given to smaller size units processing organic waste materials [23].
In other EU countries different incentives are introduced, such as ‘technology bonus’ for
generating renewable electricity (in Germany and Austria), tax reliefs (in Sweden) and other
[5,23]. Nonetheless, the European Commission suggests replacing FIT with incentives to make
producers to respond to market developments [25] and these recommendations are in line with
conclusions of this research. There is no need to carry out comparison of the amount of payable
support in different countries, since labor costs, feedstock and natural gas prices etc. differ in
each country which affects the FIP amount.

Although the FIP support policy seems to provide more controllable and stable growth of the
biomethane production over time, further research and calculations of investment support
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policy should be carried out. As well as sensitivity of different parameters in the system of
support policy such as time delays of the action resulting from the feedbacks, time allowed to
invest, as well as changes in the limit (annual growth of the support limit, for example) or period
of support (15 years instead of 10 years) should be considered. It also would be important to
assess the changes caused in the system if capacity of biogas plants would be adjusted to ensure
economic feasibility of the plant.
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Abstract

Biomethane can be produced from biogas by upgrading it to the quality of natural gas. This way it is possible to
obtain a renewable substitute to the natural gas which may be injected into the natural gas grid and used in the
existing technologies without need for replacement. Biogas, after purification, can be diverted from distributed
biogas-fired power plants which often are relatively inefficient due to lack of sufficient heat loads to large district
heating systems with efficient cogeneration possibilities.

The research question of this study was: what is a level of support required to production of biomethane to put it
in price parity with the natural gas, and how should a support policy for biomethane supply chain designed to make
it sustainable over time?

The methodology used was system dynamics modeling with data obtained from public authorities, biogas industry
and scientific publications. The studied time horizon is 2017-2030 and the model is tested for the case of Latvia.
The novelty of the approach is more detailed modeling of support policy by including issue of support allowances
and physical construction of biomethane production capacities. The aim of the model is to provide policy makers
with the tool which allows organizing support in well controlled manner over sufficiently long time period
considering economic and technical constraints.

The results show that the average level of support required to biomethane as a feed-in-premium payment on top
of the unit production costs is circa 6§ EUR/MWh under the most favorable scenario. The analysis suggests that
the period of support should be extended from the present 10 years to 15 years or more to decrease the required
average feed-in-premium payment.
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1. Introduction

Given the current market price of natural gas and biomethane production costs, as it was
stated in the study made before [1], the biomethane production should be supported to compete
with fossil fuel sales prices and the FIP (i.e. market-oriented tariff with a premium payment on
top of the natural gas market price) support policy seems to provide a controllable and stable
growth of the biomethane production over time. Besides, introduction of the FIP support
mechanism is in line with the EC guidelines where EU member states are encouraged to
introduce support incentives developed according to the market-based principles [2]. Interest
on the possibility of biomethane production and injection into a natural gas grid, increasing
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interest of policy makers, as well as representatives of the gas industry in UK, Netherlands,
Germany and other European countries. In Austria 11 biomethane plants are operating (8 of
them are connected to the natural gas network), in Denmark — 3 (1 of them injects biomethane
into the grid), in Finland — 5 (2), France — 4 (2), in Germany — 154 (118), Luxembourg — 3 (3),
Sweden — 54 (11), Switzerland — 17 (15), the Netherlands — 23 (19), UK — 50 (50) [3—6]. Latvia
also has a well-developed natural gas infrastructure which could be used for transportation of
biomethane to end users. Since biomethane energy unit production costs cannot compete with
natural gas unit price, countries are using a variety of support mechanisms. Mostly support is
provided via feed-in tariffs (FIT), investment subsidies, quota systems or tax relief. In Sweden,
biogas is used mainly in the transport sector, and in this respect the country is the leader in
Europe [7]. Sweden has introduced different investment programmes for municipalities and
farms, and support mechanisms are with focus on vehicle fuel applications [3, 8]. Since 1930,
Germany has been able to introduce favorable conditions and achieve rapid development of the
biomethane production and grid injection sector [9]. It was achieved through different support
mechanisms, such as sharing of investment costs for grid connections, facilitated biomethane
transport, re-financing programmes, tax reductions and FIT plus bonuses if biogas is upgraded
[3]. In Germany, technology specific FIT is guaranteed for 20 years [10] and time allowed to
realize gas grid access is set to 18 month [11]. While in the Netherlands scheme provides
12 year long support and producer has to bear all costs associated with the connection to the
grid [3, 7, 12].

The German biomethane market was modeled and analyzed with a system dynamics (SD)
[13—15] approach by implementing varying FIT price mechanism and emission trading scheme
[16]. Authors of this research admit the absence of system dynamics model that analyzes the
effects of energy and climate policies to the sectors of power, heat and mobility integrated into
single model [16]. For their part Dutch researchers analyzed with SD approach biomethane
production and effectiveness of the support mechanism under uncertainty [17]. The model of
this study investigates interaction between such factors as demand and capacity installation, as
well as resource availability, and it also studies several financial and technical uncertainties, as
well as behavioral uncertainties of producers and consumers. The goal of this study was to
model a structure of biomethane support policy in more detail, i.e. by considering two parallel
flows — allocation of permits for receiving the support and actual commissioning and de-
commissioning of the production capacities.

2. Methods

The aim of the study was to develop system dynamics model which facilitates design of
stable biomethane production and supply support policy, and test the model for Latvia’s case
by defining the most appropriate support mechanism for the biomethane production and supply.
Since interdisciplinary SD [13—15] approach, as a tool for energy systems conceptualizing, is
recognized approach to address various energy policy issues both worldwide [16-22] and in
Latvia [23-26] (as it was described previously [1]), it was also used to create basis of the support
mechanism and analyze different scenarios in this study. The SD model was developed using
the Powersim Studio 8 software platform, and the simulation period was selected to be 2017-
2030. Fig. 1 shows the main elements and the feedback loops which explain structure of the
biomethane support system. On the basis of this structure, a SD model is constructed to develop
biomethane supply support mechanism (Fig.2).

There are four main stocks with the respective flows in the SD model (Fig. 1, 2) — (1) permits
granted (affected by three flows - granting and cancellation rate of permits, as well as the flow
of annual permits leading to investment); (2) capacity under construction, as well as (3) capacity
in operation with and (4) without subsidies (i.e. capacities which continue production after end
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of the support period) affected by the capacity order rate, commissioning and de-commissioning
rates, suspension of subsidies and production without subsidies.

Support payments
The difference between total for biogas CHP
available amount of electricity

Total amount of subsidies and disbursed -
subsidies subsidies
Biomethane
+ / production costs
Amount of -
Permits disbursed
granted subsidies
+
FIP
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+ Natural gas
+ Capacity |n market price
W'"'I:%Z:S to operation P
+ +
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Fig. 1. Causal loop diagram representing the structure of the biomethane support mechanism.

The stock ‘Permits granted’ consists of one incoming flow and two outgoing flows (Fig. 2):
PG(t) = ftto[GR(s) — CR(s) — API(s)] ds + PG(ty) (1)

where PG — permits granted, m>/h;
GR — granting rate, m*/h/year;
CR — cancellation rate, m*/h/year;
API — annual permits leading to investment, m*/h/year.

The flow ‘Cancelation rate’ shows those permits which are canceled if investment is not
realized within the time allowed (Fig. 2):

CR = MIN(PG; DELAYPPL(GR X (1 — WI); API; 0)) 2)

where DELAYPPL — “conveyor belt” function;
WI — Willingness to invest.

In turn, the stock ‘Capacity in operation with subsidies’ is influenced by one incoming and
one outgoing flow (Fig. 2):

COwsS(t) = ffo[ComR (s) — CSS(s)] ds + COwS(t,) 3)
where COwS — capacity in operation with subsidies, MW;

ComR — commissioning rate, m*/h/year;
CSS — capacity suspension of subsidies, MW/year.

156



CSS = MIN(COwS; DELAYPPL(ComR; PS; 0)) (4)

where PS — period of support, year.
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Fig. 2. Stock and flow diagram of biomethane production and supply support mechanism

The model considers also the present support payments made for biogas CHP produced
electricity. As these payments decline due to suspension of the support periods granted to the
biogas CHP, the amount of total annual subsidies which can be allocated to biomethane
production increases, considering the limited total annual amount of subsidies which can be
paid to the biogas sector. This leads to the increased rate of growth of the permits granted
(Fig. 1) initially. Since the structure of the support mechanism forms a balancing loop (Fig. 1),
the permits granted and resulting amount of disbursed subsidies gradually approaches the total
amount of subsidies which is set by policy makers. This is a desired behaviour of the support
system. It has to be noted that availability of raw materials (Fig. 1, 2) is also considered in the
model since it affects a willingness to apply for permits. As more biomethane is produced
(accounting also for the capacities which continue to operation without permits), the maximum
amount of the biomethane which can be produced from the available raw material is gradually
approached. As the maximum amount is approached, less and less applications for permits are
received. It is also considered that the biomethane production costs are affected by the
technology learning effect and the natural gas market price has a tendency to increase, resulting
in gradual decrease of the required FIP payment.
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The flow granting rate is determined by the auxiliary desirable granting rate (Fig. 2) which
is calculated in a separate model based on the total amount of subsidies which policy makers
decide to allocate for the support of biomethane, and considering capacity which is already in
operation, the capacity which are under construction and also the capacity which is expected to
suspend, as well as permits that are already granted and the expected willingness to invest.

3. Results and discussion

In order to determine how the amount of the biomethane produced and the total amount of
support payments, as well as the average support payment per | MWh of biomethane is affected
by the time allowed to start an investment, duration of the support period and the maximum
amount of annual subsidies, eight support mechanism scenarios were defined and analyzed. The
following criteria were chosen for selection of the most appropriate conditions for the support
mechanism:

¢ the maximum amount of biomethane produced;
e the minimum total amount of subsidies;
¢ and the minimum average amount of subsidies per | MWh of biomethane.

Table 1. Support mechanism scenarios and results.

Scenario 0 1 2 3

Time allowed to start investments (years) 2 2 2 2 3 3 3 3
Period of support (years) 10 10 15 15 10 10 15 15
The total available maximum amount of 40 40+(*) 40 40+ 40 40+ 40 40+
subsidies (MEUR per year)

Results

Amount of biomethane produced in 2030 (GWh 499.3 587.2 630.1 740.1 4989 5869 629.9 740.0
per year)

Total production of biomethane in the whole 2845 3269 3436 3945 2854 3278 3447 3958
period (GWh)

Amount of subsidies in 2030 (MEUR per year) 38.03 44.68 41.05 48.05 38.02 44.68 41.07 48.07

Total amount of subsidies in the whole period 231.69 265.70 236.23 270.56 232.51 266.67 237.09 271.57
(MEUR)

Average amount of subsidies per | MWh of 81.43 81.28 68.76 68.58 81.47 81.31 68.79 68.61
biomethane (EUR/MWh)

(*) - The total available maximum amount of subsidies is increasing annually

The base scenario (scenario 0 in Table 1) assumes that (1) the time allowed to start the
investments (i.e. the allowed period of time to initiate construction of plant) is 2 years, and (2)
the period in which entrepreneur is eligible for subsidies, is 10 years (these two time periods
are determined by the existing laws and regulations [27, 28], and (3) the total available amount
of subsidies is 40 million Euros per year. Changing and combining these three parameters, other
seven scenarios have been developed. The following parameter ranges were analyzed (Table

1):

e Time allowed to start investments: 2 and 3 years. Scenarios with 1 and 4 years to start
construction of plant were not assessed, because 1 year is too short period to settle the
necessary documentation, while 4-year period is too long and would make monitoring of
projects more difficult.

e Period of support: 10 and 15 years. If the period is shorter than 10 years, it does not cause a
sense of stability and confidence in the policy, and increases capital costs per unit of
biomethane. Sequentially it means that in short term the necessary FIP is considerably
higher. While 20-year support period corresponds to the technical lifetime of equipment,
which may pose a risk that the equipment would not serve all the support period.
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e The total available maximum amount of subsidies is fixed or increasing annually, if the
country’s economic situation is suitable.

Results of calculations show that scenario 3 and 7 would ensure the highest output of
biomethane in 2030, and sequentially the greatest total production of biomethane in the whole
period (Table 1). If scenarios are evaluated by the minimum total amount of subsidies paid to
producers, then the most appropriate support mechanism scenarios should be the scenario 0 and
4. The lowest amount of subsidies for these scenarios is caused by shorter support period with
duration of 10 years instead of 15 years or longer period. Although in case of scenario 2 and 6
the support period is defined for 15 years, the amount of subsidies paid to producers is only by
about 2% higher than in case of the scenario 0 and 4. This relatively small difference, resulting
from increase of the support period from 10 to 15 years, can be explained by the fact that the
longer support period decreases the average support payment per IMWh of biomethane.

From the scenario results, it can be concluded that the time allowed to start investment - 2 or
3 years — has no significant effect on either amount of biomethane produced or the amount of
subsidies paid, and not on the average amount of subsidies per IMWh of biomethane. Those
parameters are influenced more by the duration of the period of support and the total available
maximum annual amount of subsidies. It can be concluded that with increased support period,
greater amounts of biomethane production and lower average amount of subsidies per 1 MWh
of biomethane can be achieved. If the duration of the support period is increased from 10 to 15
years, the average amount of subsidies per 1 MWh of biomethane is reduced by 16%, and at
the same time, cumulative amount of biomethane produced is increased by 21%, regardless of
whether the total available maximum annual amount of subsidies is fixed or increases annually.
In turn, if the duration of support period is increased from 15 to 20 years, these changes are
observed, but to a lesser extent - the average amount of subsidies per | MWh of biomethane
decreases by 8%, and cumulative amount of biomethane produced increases by 9%. In addition,
from the entrepreneurs (potential investors and producers of biomethane) point of view, a longer
support period creates a greater sense of stability and increases the willingness to invest, and
thus promotes development of the biomethane sector. This is consistent with the findings of the
Dutch study that greater importance is long-term support, rather than higher amount of subsidies
[17].

4. Conclusions

Results of the modeling show that the preferred support mechanism scenario would be as to
follows: time allowed to start investment — 2 years; support period — at least 15 years or more;
with the fixed or, if it is possible, with annually increasing total available maximum annual
amount of subsidies (i.e. scenario 2 or 3 in Table 1).

Although the proposed support mechanism (based on the feed-in premium policy) for
biomethane production and supply seems reliable and satisfactory, further research on the type
of support mechanism and comparison between feed-in-premium support and investment
subsidies would be needed.
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8. pielikums

Biometana raZoSanas un piegades atbalsta mehanisma sistemdinamikas modela

aprekinu formulas

Ar atbalstu sarazotais biometans, [GWh/gads] = 'Darbiba esosas jaudas ar
atbalstu'*'Uzstaditas jaudas izmantoSanas stundu skaits'/1000<<MWh/GWh>>

Atbalsta maksimala apjoma dala biometanam, [gads”-1] = 'Atbalsta maksajumi
biometana razoSanai'/ Atbalsta maksimalais apjoms biometanam'

Atbalsta maksajumu pieaugums, [MEUR/gads/gads]="VAA
biometanam'/1000000<<EUR/MEUR>>*'Jaudu nodosana
ekspluatacija'*'Uzstaditas jaudas izmantoSanas stundu skaits'

Atbalsta maksajumu samazinajums, [MEUR/gads/gads] = MIN('Atbalsta
maksajumi biometana razosanai'; DELAYPPL('Atbalsta maksajumu pieaugums';
'Atbalsta periods';0<<MEUR>>))

Atbalsta maksimalais apjoms biometanam, [MEUR] = 'Kopgja atbalsta maksimalais
apjoms'-'Atbalsts biogazes CHP sarazotajai elektroenergijai'

Atbalsts biogazes CHP sarazotajai elektroenergijai, [MEUR/gads] = 'Biogazes CHP
sarazotais elektroenergijas apjoms' * 'FIT elektroenergijai no biogazes' * Korekcija /
1000000 <<EUR/MEUR>>*1000<<MWh/GWh>>

Atkritumu apjoms, [t] = Atkritumi*Iedzivotaji

Atlikusais tehniskais kalposanas ilgums, [gads] = 'Tehniskais kalpoSanas ilgums'-
'Atbalsta periods'

Atlauju anuléSana, [MW/gads] = MIN('Pieskirtas atlaujas' ;DELAYPPL('Atlauju
pieskirSana' * (1-'VElme investet'); 'Investicijam atlautais laiks' ;0<<MW/gads>>))

Atlauju pieskirSana, [MW/gads] = ROUND('Vélama atlauju pieSkir§ana'*'Resursu
pieejamibas ietekme uz vélmi iznemt atlaujas';0,00 1 <<MW>>)

Bez atbalsta saraZzotais biometans, [GWh/gads] = IF(('"Darbiba esosas jaudas bez
atbalsta'*'Uzstaditas jaudas izmantoSanas stundu skaits'/1000<<MWh/GWh>>+'Ar
atbalstu sarazotais biometans')<'Maksimali ieglistamais biometana energijas
apjoms';'Darbiba esosas jaudas bez atbalsta'*'Uzstaditas jaudas izmantoSanas stundu
skaits'/1000<<MWh/GWh>>; 'Darbiba esosas jaudas bez atbalsta'*'Uzstaditas
jaudas izmantoSanas stundu skaits'/1000 <<MWh/GWh>>-('Darbiba esosas jaudas
bez atbalsta'*'Uzstaditas jaudas izmantoSanas stundu
skaits'/1000<<MWh/GWh>>+'Ar atbalstu saraZotais biometans'-'Maksimali
ieglistamais biometana energijas apjoms'))

Biogaze, [m3/t] = 'Biogaze no skabbaribas' + 'Biogaze no kiitsmesliem'
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Biogaze - MWh no tonnas, [MWh/t] = ('Biogazes zemakais sadegSanas
siltums'/1000 <<m3/km3>>)*Biogaze

Biogaze attiriSanai, [m3/gads] = 'Biogazes razosana - pilna slodze'*(1-'Gazes
zudumi')*(1-'Gaze siltuma razoSanai')

Biogaze no aitam un kazam, [m3/gads] = 'Biogazes apjoms no aitas un kazas'*'Aitu

un kazu skaits'

Biogaze no atkritumiem, [m3/gads] = 'Atkritumu apjoms'*'Biogazes apjoms no
atkritumiem'

Biogaze no cukkopibas, [m3/gads] = 'Biogazes apjoms no ciikas"*'Ciiku skaits'

Biogaze no kukurtizas skabbaribas, [m3/gads] = 'Biogazes apjoms no kukuriizas

skabbaribas'*'Tegtta kukuriizas skabbariba'

Biogaze no kiitsmésliem, [m3/t] = 'Biogazes iznakums no kutsmesliem"*'Kutsmeslu

saturs'

Biogaze no liellopiem, [m3/gads] = 'Biogazes apjoms no liellopa"*'Liellopu skaits'

Biogaze no skabbaribas, [m3/t] = 'Biogazes iznakums no skabbaribas'*'Skabbaribas

saturs'
Biogaze no vistkopibas, [m3/gads] = 'Biogazes apjoms no vistas'*'Vistu skaits'

Biogaze no zalbaribas un skabbaribas, [m3/gads] = 'Biogazes apjoms no zales
skabbaribas' *'legiita zalbariba un skabbariba'

Biogazes CHP sarazotais elektroenergijas apjoms, [GWh/gads] = 'Biogazes
CHP"*'CHP darba stundas'/1<<h*MWe/MWh>>/1000<<MWh/GWh>>

Biogazes piegade, [MWh/gads] = ('Biogaze attirisanai'/1000<<m3/km3>>)
*'Biogazes zemakais sadegSanas siltums'

Biogazes razoSana - pilna slodze, [m3/gads] = 'Uzstaditas jaudas izmantoSanas
stundu skaits'*'Vidgja uzstadita jauda'

Biometana razoSanas izmaksas, [EUR/gads] = 'Kapitalizmaksas - biometans' +
'Ekspluatacijas izmaksas - biometans'

Biometana razoSanas jauda, [m3/h] = 'Sarazotais biometana apjoms gada'/
'Uzstaditas jaudas izmantoSanas stundu skaits'

Biometans no aitkopibas un kazkopibas, [m3/gads] = 'Biogaze no aitam un
kazam'*'Metana koncentracija - liellopi'
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Biometans no atkritumiem, [m3/gads] = 'Biogaze no atkritumiem'*'Metana
koncentracija - atkritumi'

Biometans no ciikkopibas, [m3/gads] = 'Biogaze no cukkopibas'*'Metana
koncentracija - ciikas'

Biometans no kukurtizas skabbaribas, [m3/gads] = 'Biogaze no kukurtizas
skabbaribas' *'Metana koncentracija - kukuriizas skabbariba'

Biometans no liellopiem, [m3/gads] = 'Biogaze no liellopiem'*'Metana
koncentracija - liellopt'

Biometans no vistkopibas, [m3/gads] = 'Biogaze no vistam'*'Metana koncentracija -
vistas'

Biometans no zalbaribas un skabbaribas, [m3/gads] = 'Biogaze no zalbaribas un
skabbaribas'*'Metana koncentracija - zalbariba un skabbariba'

Biivnieciba esoso jaudu korekcija, [MW/gads] = ('Veélamas biivnieciba esosas
jaudas'-'Biivnieciba esosas jaudas')/'Biivnieciba esoso jaudu korekcijas laiks'

Dabasgaze = GRAPH('Laika
periods';2016;1;{27,37;34,227;33,53;35,249;36,972;38,691;40,41;42,129;43,852;
45,572;47,291;49,01;50,733;52,453;54,171;55,106//Min:26;Max:56//})

Darbibas turpinasana bez atbalsta, [MW/gads] = 'Jaudas - atbalsta
partraukSana'*'Jaudu dala bez atbalsta'

Darbiba esoso jaudu korekcija, [MW/gads] = ('"Velamas darbiba esosas jaudas ar
atbalstu'-'Darbiba esosas jaudas ar atbalstu')/'Darbiba esoSo jaudu korekcijas laiks'

Ekspluatacijas izmaksas — biometans, [EUR/gads] = 'Sarazotais biometana apjoms
gada'*'Ekspluatacijas izmaksas'

Ekspluatacijas izmaksas biometana MWh, [EUR/MWh] = 'Ekspluatacijas izmaksas
- biometans'/'SaraZotais biometans'

VAA biometanam, [EUR/MWh] = 'Kop€jas biometana razoSanas izmaksas'-
'Dabasgazes cena'

legiita kukuriizas skabbariba, [t] = 'Platiba - kukuriizai'*'Raziba - kukurtizas
skabbariba'

legiita zalbariba un skabbariba, [t] = 'Platiba - zalbaribai'*'RaZiba - zalbariba un
skabbariba'

Ikgadgjas atlaujas ar investicijam, [MW/gads] = 'Pieskirtas atlaujas'*'Velme
investet'
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Indikativais paatrinoSais koeficients = GRAPH(' Atbalsta maksimala apjoma dala
biometanam';0;0,1;{1,157;1,157;1,155;1,151;1,137;1,095;1;1;1;1;1//min:1;max:1.3/
/})

Investicijas biogazes attiriSanas iekartas, [EUR] = 'Biometana raZoSanas
jauda'*'Tpatngjas investicijas - biometans'

Investicijas biogazes razo$anai, [EUR] = 'Vidgja uzstadita jauda'*'Ipatnéjas
investicijas - Biogaze'

Izejvielu cena, [EUR/MWh] = "Izejvielu cena - m3'/('Biogazes zemakais sadegSanas
siltums'/1000<<m3/km3>>)

Izejvielu cena - m3, [EUR/m3] = 'Izejvielu cena - tonna'/Biogaze

Izejvielu cena — tonna, [EUR/t] = ('Kiitsmeslu saturs'*'Kiitsmeslu cena -
tonna')+('Skabbaribas saturs'*'Skabbaribas cena - tonna')

Ipatngjo investiciju izmaksu samazinajums-Biogaze = GRAPH('Laika
periods';2016;1;{13001;12820;12715;12642;12585;12538;12499;12466;12436;
12409;12386;12364;12344;12325;12308;12292//Min:12290;Max:13050////Min:-
1;Max:11////Min:3700;Max:4000////Min:-1;Max:3400////Min:3700;Max:3400()//})

Ipatngjo investiciju izmaksu samazinajums-biometans = GRAPH('Laika
periods';2016;1;{3116;3078;3040;3003;2966;2930;2894;2858;2823;2789;2755;
2721;2688;2655;2622;2590//Min:2500;Max:3200//})

Ipatngjas investicijas — Biogaze, [EUR/(m3/h)] = 'Biogazes cena'*'Tpatngjo
investiciju izmaksu samazinajums-Biogaze'

Ipatngjas investicijas — biometans, [EUR/(m3/h)] = 'Biometana cena'*'Ipatné&jo
investiciju izmaksu samazinajums-biometans'

Jaudas - atbalsta partraukSana, [MW/gads] = MIN('Darbiba esosas jaudas ar
atbalstu'; DELAYPPL('Jaudu nodosana ekspluatacija'; 'Atbalsta periods';
0<<MW/gads>>))

Jaudu izveSana no ekspluatacijas, [MW/gads] = 'Darbiba esosas jaudas bez
atbalsta'/'Atlikusais tehniskais kalpoSanas ilgums'

Jaudu nodosana ekspluatacija, [MW/gads] = 'Biivnieciba esosas jaudas'/
'Biivniecibas laiks'

Kapitalizmaksas biogazes MWh, [EUR/MWh] = 'Kapitalizmaksas-Biogaze'/
'Biogazes piegade'

Kapitalizmaksas — biometans, [EUR/gads] = 'Investicijas biogazes attiriSanas
iekartas' *'Diskonta likme'/(1-1/(1+'Diskonta likme') Atbalsta periods')
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Kapitalizmaksas-Biogaze, [EUR/gads] = 'Kopgjas investicijas biogazes
razoSanai'*'Diskonta likme'/(1-1/(1+'Diskonta likme')' Atbalsta periods')

Kopgjais sarazotais biometana tilpuma apjoms, [GWh/gads] = 'Bez atbalsta
sarazotais biometans' + 'Ar atbalstu sarazotais biometans'

Kop¢gjie atbalsta maksajumi, [MEUR/gads] = 'Atbalsta maksajumi biometana
razoSanai'+'Atbalsts biogazes CHP sarazotajai elektroenergijai'

Kop¢gjas biogazes razosanas izmaksas, [EUR/MWh] = 'Kapitalizmaksas biogazes
MWHh' +'Izejvielu cena' +'Ekspluatacijas izmaksas - biogaze'

Kopgjas biometana razosanas izmaksas, [EUR/MWh] = 'Kopgjas biogazes
razoSanas izmaksas'+'Kop¢jas izmaksas - biometans'

Kopgjas investicijas biogazes razoSanai, [EUR] = 'Investicijas biogazes razoSanai'
+'Caurulvada izmaksas' +'Biomasas transportéSanas izmaksas'

Kopégjas izmaksas — biometans, [EUR/MWh] = 'Biometana razoSanas izmaksas'/
'Sarazotais biometans'

Maksimali ieglistamais biometana energijas apjoms, [GWh/gads] = 'Maksimali

ieglistamais biometana tilpuma apjoms'* 1000<<km3/Mm3>>*'Biometana zemakais

sadegsanas siltums'/1000<<MWh/GWh>>

Maksimali ieglistamais biometana tilpuma apjoms, [ Mm3/gads] = ('‘Biometans no
aitam un kazam' + 'Biometans no ciikkopibas' + 'Biometans no liellopiem' +
'Biometans no vistam' + 'Biometans no atkritumiem' + 'Biometans no kukuriizas
skabbaribas' + 'Biometans no zalbaribas un skabbaribas')/1000000<<m3/Mm3>>

Metana iznakums = ('"Metana iznakums - kiitsmesli"*'Kutsmeslu saturs')+('Metana
iznakums - skabbariba'*'Skabbaribas saturs')

Paatrinosais koeficients = DELAYINF('Indikativais paatrinosSais koeficients';6;1;1)

Pieskirto atlauju korekcija, [MW/gads] = ('"Vélamas pieskirtas atlaujas'-'Pieskirtas
atlaujas')/'Pieskirto atlauju korekcijas laiks'

Razotnu ekspluatacijas beigas CHP, [MWe/gads] = MIN(INIT('Biogazes
CHP'")/'Atbalsta periods biogazes CHP saraZotajai elektribai';'Biogazes CHP')

Resursu pieejamibas ietekme uz vélmi iznemt atlaujas = GRAPH('SaraZzota
biometana dala no maksimali iesp&jama';0;0,1;{1;1;0,95;0,9;0,85;0,78;0,65;
0,5;0,3;0/Min:0;Max:1//})

Sarazotais biometana apjoms gada, [m3/gads] = 'Biogaze attiriSanai'*'Metana
iznakums'

165

(8.61.)

(8.62.)

(8.63.)

(8.64.)

(8.65.)

(8.66.)

(8.67.)

(8.68.)

(8.69.)

(8.70.)

(8.71.)

(8.72.)

(8.73.)

(8.74.)

(8.75.)



Sarazotais biometans, [MWh/gads] = 'Sarazotais biometana apjoms gada'/
1000<<m3/km3>>*'Biometana zemakais sadegSanas siltums'

SaraZota biometana dala no maksimali iesp&jama = 'Kopg€jais saraZotais biometana
tilpuma apjoms'/'Maksimali ieglistamais biometana energijas apjoms'

Vidgja VAA vertiba, [ EUR/MWh] = 'Atbalsta maksajumi biometana razosanai'
*1000000<<EUR/MEUR>>/MAX(0,0001<<MWh/gads>>;'Ar atbalstu sarazotais
biometans'*1000<<MWh/GWh>>)

Velamais ar atbalstu sarazotais biometans, [MWh/gads] ="' Atbalsta maksimalais
apjoms biometanam'*1000000<<EUR/MEUR>>*'Paatrinosais koeficients'/'VAA
biometanam'

Veélama atlauju pieskirSana, [MW/gads] = MAX(0<<MW/gads>>;'Velamas jaudas -

biivniecibas uzsakSana'+'Pieskirto atlauju korekcija')

Vélama jaudu nodoSana ekspluatacija, [MW/gads] = MAX(0<<MW/gads>>;
'Darbiba esoso jaudu korekcija'+'Jaudas - atbalsta partraukSana')

Velamas biivnieciba esosas jaudas, [MW] ='Vélama jaudu nodosana ekspluatacija’
*'Biivniecibas laiks'

Velamas darbiba esosas jaudas ar atbalstu, [MW] = 'VE&lamais ar atbalstu sarazotais
biometans'/'Uzstaditas jaudas izmantosanas stundu skaits'

Velamas ikgadgjas atlaujas ar investicijam, [MW/gads] = 'Vélamas jaudas -
buvniecibas uzsaksana'

Velamas jaudas - buvniecibas uzsaksana, [MW/gads] = MAX(0<<MW/gads>>;
'Vélama jaudu nodosana ekspluatacija'+'Buivnieciba esoso jaudu korekcija')

Velamas pieskirtas atlaujas, [MW] = 'Velamas ikgadgjas atlaujas ar
investicijam'*'Atlauju pieskirSanas ilgums'/'Vélme investét'

Zemakais sadegSanas siltums = ('Metana iznakums'*'Metana zemakais sadegSanas
siltums')/kJ
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