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The transition to sustainable biomethane production is gaining momentum as a viable alternative for
decarbonizing the transportation industry in particular long-distance road-freight and maritime
transportation. The European Union HYFUELUP project aims to demonstrate an innovative pathway
for biomethane production via the integration of sorption-enhanced gasification (SEG), fluidized bed
methanation and electrolysis. The National Laboratory of Energy and Geology (LNEG) in Portugal,
where this thesis was completed, is responsible for the life-cycle assessment (LCA) and techno-
economic analysis (TEA) of the HYFUELUP project. This thesis aims to provide a comprehensive
review of biomethane production and gasification technologies, emphasizing the need to shift from
the conventional anaerobic digestion process to gasification. Moreover, to support this analysis,
existing LCA and TEA data using similar technologies were reviewed aiming to provide a basis for
comparison and guide data collection for the HY FUELUP project. The use of biomethane as a
sustainable energy alternative can enhance energy security, significantly reduce emissions in the
transport sector and reduce dependence on external providers. Gasification technologies such as SEG
and methanation holds great potential for future biomethane production however substantial support
from governments and companies will be needed for scaling up these processes and making them

economically feasible.

Three studies from the literature were chosen for TEA analysis and three studies for LCA analysis.
The TEA data examined in this thesis revealed various factors influencing capital and operating costs
where study A — which closely resembled the HYFUELUP project — showed the highest overall costs.
Electrolysis was identified as a major cost driver, and the overall costs were expected to increase with
larger functional units. The LCA data was converted via normalization factors to allow for a more
accurate comparison between studies, where study A had the higher global warming potential
possibly due to the fact that the system boundaries were larger than the other studies investigated.
Experimental data in the literature is still lacking, where further research is needed for a more
comprehensive analysis of TEA and LCA of this integrated biomethane production process. A
preliminary life cycle inventory and techno-economic cost estimation are also presented based on the
existing literature. By considering the findings from this thesis, and the ongoing work of the
HYFUELUP project, it is evident that biomethane has potential for decarbonizing the transport sector
and emissions reduction. Future efforts should focus on the need for implementing regulations and

policies to drive the widespread adoption of biomethane technologies.



Summary (in Estonian)

Title of Thesis: Biometaani tootmise kirjandusiilevaade koos elutsiikli eelhinnangu ja uuendusliku

biometaani tootmisprotsessi tehno-majandusliku analiiiisiga (Euroopa Liit — HY FUELUP projekt)

Uleminek si#stvale biometaani tootmisele kogub hoogu kui elujduline alternatiiv transporditddstuse,
eelkdige pikamaa-kauba- ja meretranspordi siisinikdioksiidiheite vahendamiseks. Euroopa Liidu
projekti HYFUELUP eesmirk on demonstreerida uuenduslikku teed biometaani tootmiseks
sorptsiooniga suurendatud gaasistamise (SEG), keevkihi metaneerimise ja elektroliiiisi integreerimise
kaudu. Portugali riiklik energeetika ja geoloogia labor (LNEG), kus kdesolev 16put66 valmis, vastutab
projekti HYFUELUP elutsiikli hindamise (LCA) ja tehno-majandusliku analiiiisi (TEA) eest. Selle
16putd6 eesmirk on anda pohjalik lilevaade biometaani tootmise ja gaasistamise tehnoloogiatest,
rohutades vajadust minna iile tavapéraselt anaeroobselt kdéritusprotsessilt gaasistamisele. Veelgi
enam, selle analiilisi toetamiseks vaadati iile olemasolevad LCA ja TEA andmed, kasutades sarnaseid
tehnoloogiaid, eesmérgiga luua vordlusalus ja anda HY FUELUP projekti jaoks andmete kogumine.
Biometaani kasutamine sidstva energiaalternatiivina voib suurendada energiajulgeolekut, vihendada
oluliselt heitkoguseid transpordisektoris ja vahendada sdltuvust vélistest tarnijatest.
Gaasistamistehnoloogiatel, nagu SEG ja metaneerimine, on suur potentsiaal tulevaseks biometaani
tootmiseks, kuid nende protsesside suurendamiseks ja majanduslikult teostatavaks muutmiseks on

vaja valitsuste ja ettevOtete olulist toetust.

TEA analiiiisiks valiti kolm uuringut kirjandusest ja kolm uuringut LCA analiiiisiks. Kéesolevas t60s
vaadeldud TEA andmetest selgusid erinevad kapitali- ja tegevuskulusid mdjutavad tegurid, kus
uuringu A — mis sarnanes viga HYFUELUP projektiga — kogukulud olid kdige kdrgemad.
Elektroliiiis peeti peamiseks kulutekitajaks ja suuremate funktsionaalsete iiksuste puhul eeldati, et
iildised kulud suurenevad. LCA andmed teisendati normaliseerimistegurite abil, et véimaldada
tépsemat vOrdlust uuringute vahel, kus uuringul A oli suurem globaalse soojenemise potentsiaal, mis
voib olla tingitud asjaolust, et siisteemi piirid olid suuremad kui teistes uuritud uuringutes. Endiselt
puuduvad kirjanduses eksperimentaalsed andmed, kus on vaja tdiendavaid uuringuid selle
integreeritud biometaani tootmisprotsessi TEA ja LCA pohjalikumaks analiilisiks. Esitatakse ka
esialgne olelusringi inventuur ja tehnilis-majanduslike kulude hinnang olemasoleva kirjanduse pohjal.
Arvestades selle 16putd6 tulemusi ja HYFUELUP projekti kdimasolevat t66d, on ilmne, et
biometaanil on potentsiaali transpordisektori dekarboniseerimiseks ja heitkoguste vihendamiseks.
Tulevased joupingutused peaksid keskenduma vajadusele rakendada eeskirju ja poliitikat, et

soodustada biometaanitehnoloogiate laialdast kasutuselevottu.



