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Summary

Scope of this Thesis is the design, the process integration and the simulation of various advanced
energy systems, the common feature of which is the absence or the minimization of GHG emissions. The
main issues that are attempted to be addressed in this Thesis are related to the terms and frames of proper
and feasible operation of innovative energy systems. Through the process modeling (Aspen Plus™),
numerous valuable conclusions are extracted related to the design and operation of the total systems and
each of the sub-process that compose them. Moreover, the basic economic indexes that determine their
economic feasibility of the under investigation concepts are estimated by means of the techno-economic
analysis on them.

In the first chapter, the methodology followed for the selection of the energy systems that are
investigated in this Thesis is explained. In first, a brief discussion is made concerning the prediction of the
worldwide energy consumption and CO, emissions derived from the fossil fuel combustion. At a second
level, the predominant strategic options for the drastic reduction of the anthropogenic GHG emissions are
defined and presented: a) Carbon Capture and Storage (CCS), b) Carbon Capture and Utilization (CCU)
and c) Biomass exploitation for advanced fuels and chemicals production. As far as the CCS is concerned,
the analysis is distinguished by the fuel type (natural gas or coal) whereas regarding to the CCU, more
attention is paid on the CO, conversion into alcohols (methanol and ethanol) through catalytic
hydrogenation. Concerning the biomass utilization route, the investigation was focused on the biomass
conversion into value added fuels and chemicals such higher alcohols and aviation biofuels.

The aim of the second chapter is to present a natural gas (NG) fired power plant where Pd membranes
are employed for the CO, capture leading to a near zero GHG emissions energy system. According to this
concept, natural gas is transformed into a H,-rich fuel through the consecutive processes of autothermal
reforming and water gas shift reaction. Pure hydrogen is recovered through Pd membranes and is led to be
combusted in GT. The methodology that is adopted for the selection of the best design of the process in
terms of system optimization is presented in detail for each section/unit. Next, a sensitivity analysis of
several operating parameters is performed in order to determine the key parameters that maximize the
plant efficiency and minimize the total required membrane area. Simulation results showed that the Pd
membranes employed with NGCC with 90% CO, capture efficiency can reach a net efficiency equal to
50.82%, revealing it as the most efficient option for CO, capture in a NG fired system, as far as the net
efficiency is concerned. From the economic analysis it is concluded that the investment cost, which is
strongly influenced by the membrane area requirement, plays the most important role on the total plant
cost. From this evaluation it is shown that the case with the optimum (i.e. minimum) membrane area can
achieve a CO, avoidance cost 7.4% lower than the MDEA base case.

In the third chapter, the most important post combustion carbon capture technologies i.e. the amines
scrubbing, and the Calcium looping, are investigated in order to compare their efficient application in
large scale fossil fired power plants in comparison with oxyfuel combustion. The post combustion capture
techniques differently affect the power plant: the amine system consumes steam for stripping (reboiler),
whilst calcium sorbents regeneration process consumes fuel. On the other hand, oxyfuel technology has to
suffer the power consumption penalties for the oxygen production from an Air Separation Unit. The



comparative tool used is the exergetic analysis of the most significant processes employed in these
schemes techniques. The carbonation/calcination process is the most energetically and exergetically
efficient with the lowest exergy penalty (-9.0%, whereas in the amine and oxyfuel case is -10.0% and -
9.5% respectively), even though a considerable amount of exergy (22.3% of total exergy in fuel) is lost in
the CaL unit. In the MEA case, 7.7% of the exergy input was calculated that is lost in the capture unit and
1.0% during CO, compression. In the oxy-combustion case, the ASU is the main unit where most of the
exergy losses for CO, capture are observed (5.1% of the total exergy input in the system).

In the fourth chapter, various design and operating aspects are investigated for the valorization of
industrially captured CO, towards methanol production and the circumstances under of which this
concept can be economically viable. Cost breakdown in various Power-to-Fuel concepts confirm that
hydrogen cost is the most crucial factor. Several power delivery options for hydrogen production through
electrolysis are compared for their economics. The use of cheap electricity in conjunction with adequate
time coverage throughout the annum is of high importance for lowering the overall H, production costs.
Also, a Power-to-Fuel system integrated with a coal fired power plant can be an interesting option for
excess power transformation when the electricity sell is not profitable. The economic analysis on the H,
production scheme revealed that each of the three main parameters for the determination of the H, cost
(electrolyzer capital cost, electricity cost and storage cost) can play the key role in the feasibility of the
plant depending on the concept each time. A considerable effort is needed in order the CO, derived fuels
to reach a competitive level in the global market.

The fifth chapter is dedicated to the investigation of various design aspects for the valorization of
industrially captured CO, towards methanol and/or ethanol. In the framework of the CO, conversion unit,
two novel concepts are examined aiming to the improvement of the process performance, one for
methanol and another for ethanol production. For the methanol case (CO,+3H,—CH;OH+H,0), a new
scheme of employing a membrane reactor with high selectivity either in methanol permeation
(organophilic) or in water permeation (hydrophilic) is explored via process simulation. The methanol
extraction has a beneficial effect on the methanol yield and requires a more compact sized reactor. In
ethanol case (2CO,+6H,—C,Hs;OH+3H,0), a new process configuration through the intermediate DME
(di-methyl ether) synthesis is presented and compared to the conventional method based on CO,
conversion to CO in a reverse water gas shift (rWGS) reactor followed by the mixed alcohol synthesis
reactor. The novel synthesis route via DME has a higher efficiency (total energy efficiency: 70.3% on
LHYV basis whereas the corresponding efficiency of the conventional scheme is 63.2%) because of lower
heat and power demands for its effective operation. From the economic analysis, it is shown that the
novel ethanol plant results to lower ethanol production cost than the conventional one through the rWwGS
by 18% but the high cost for H, production through water electrolysis keeps it far for competitive levels.

In the framework of the biomass utilization, the sixth chapter is related with the synthesis of Higher
Alcohols (i.e. ethanol, plus C;-C,) from biomass gasification. These compounds could be used directly as
fuel or fuel additives or as important intermediates for the chemical industry. A comparison is performed
between the different process configurations. All steps and important unit operations are modeled and
presented with the aim to correctly evaluate the peripheral energy requirements and conclude with the
overall thermodynamic limitations of the processes. The differentiation between black liquor and solid
biomass gasification, the type of catalyst employed, and the effect of the recycling scheme adopted for the
reutilization of unconverted syngas are evaluated. The design has to cope with the limited yields and poor
selectivity of catalysts developed so far. The gas cleaning is different depending on the different



requirements of the catalysts as far as H,S purity. The process simulation results reveal that the CO
hydrogenation to higher alcohols is favoured by high pressure, temperature around 325 °C and high
reactor residence times. A biorefinery using modified Fisher — Tropsch (FT) catalysts (MoS,) prevail over
modified MeOH catalyst (Cu-Zn based) for HA production. The efficiency of HA production in HHV
terms can reach up to 25%.

In the seventh chapter, the conceptual process design for the production of branched paraffins with
high carbon number is presented, based on the upgrading of alcohols synthesized from biomass-derived
syngas and the economic evaluation and comparison with the Fischer-Tropsch (FT) process and
biochemical pathways. Two routes, one based on n-butanol and another on isobutanol upgrading, are
described and modeled. The flow sheeting results reveal high performance for both process
configurations, resulting in an aviation fuel yield 0.172kg/Kgrecqsock @and a thermal efficiency of 40.5% in
the case of employing a modified Methanol catalyst for the mixed alcohols synthesis (MAS). Such
alternative pathways offer higher efficiencies compared to FT synthesis because specific products such as
Cy,+ branched paraffins for jet fuel applications are achieved with higher selectivity in the conversion
processes. The water balance at the whole process reveals that the annual demands for fresh water from a
190MW,, biorefinery plant are 641000m’, emerging the water management as an important issue with
considerable environmental impacts. Simulations of the overall process show a rather high biomass
carbon to product utilization ratio (up to 30%) leading to relative low CO, emissions. The economic
evaluation reveals that the minimum jet fuel selling price in a FT plant (1.24 €/1 jet fuel) is lower than the
corresponding price in a MAS plant (1.49 €/1 and 1.28 €/1 for cases with different catalysts). The
biochemical route based on Acetone-Butanol-Ethanol fermentation is considered as the most
economically desirable option (0.82 €/1). Moreover, the option of selling organic compounds, which are
produced intermediately (i.e. light and heavy olefins, C4 alcohol isomers) via the alcohols’ upgrading
processes was proved promising enough for the feasibility of such biorefineries plants.



Xovoyn

O okondg avtg ™G dTpiPng etvar M avamtuén Kot 1 PEATIOTONOINGCT TPONYUEVAOV EVEPYELOKDV
CUGTIUAT®V TOL £XOVV MG KOWO YUPUKTNPIOTIKO TIC EANYICTOTOUNUEVEG —av OYL UNOEVIKEC- EKTTOUTEG
dro&ediov Tov avBpaka (CO,). Ta Packd (ntipato mov TiBevTal TPog dlEPEHVNON APOPOVV TO TANICLO
KO TIG GUVONKEG Y10, TNV COGTN KoL ATOSOTIKT] AELITOVPYIO VEMV EVEPYELNKDY CLUGTILATMY OV OEV EXOVV
¢wc Topo peretndet. IToAAE Ko ¥pOIUN CLUTEPACUATO TPOKVTTOVV OO TNV LOVIEAOTOINGT OLTMV TOV
cvotpdtov oe Aspen Plus™ kafdg kot omd TNV OKOVOHOTEXVIKY avdAivoy. Avtd oyetilovtol pe To
oxedlOo O, TN AtTovpyia O)L HOVO TV CLUGTNUATMOV GUVOALKE OAAG KOl TOV ETUEPOVS OLEPYUCIOV TOV
TOL OTOTEAOVV KO LLE TNV OIKOVOUKT PLOGILOTNTO GVTDV.

210 TPp®TO KEPAAOo eEnyeitan To TANIG1IO Kol 01 OepoTIKEG TTEPLOYEG TTOV EVTAOCOVTAL TO EVEPYELOKE
GLOTNLO TOV HEAETOVTAL OTNV €V AOY® StatpiPr). Apyikd yivetal pio GOVIOUN TOPOVGINoT) CYETIKA LE TIG
EVEPYEINKEG KOTOVOADOELS TayKoouing Kot T ekmopnég CO, mov mpogpyovTal amd TNV EKUETOAAELON
OPLKTOV KOVGTU®V. Ze dVTEPO EMIMEDO TTaPATIOEVTAL 01 KVUPIOPYEG OTPATNYIKES Yo TN SPACTIKY| Ueimon
TOV EKTOUTOV ovtdVv: o) Aéopevon CO, katl amoBnkevon, B) Aéopevon CO, kot enava&lomoinomn Kot y)
a&lomoinon Propdalag yio TV Topoy®yn TPONYUEVOV KOLGIH®V Kol DAKOV. ZYETIKO HE TNV TPOTN
EMAOYN, M oviAvon yiveton Yoo Oeppikods otabuovg pe d1opopeTikd THTO KAVGiHoL (PLOIKO aEPLo M
o1epedc GvOpaKkag), VA GYETIKA LE TN OeVTEPT EMAOYN TEPIGGOTEPT ELPACT] SIVETOL GTY| UETATPOTI TOL
CO, oe aAikodrec (peBavorn war alBavoln) pécw kaTOALTIKNG VOpoyovmone. Ocov agopd Tnv
nepintwon g adlomoinon g Popdlog avt) EMKEVIPOONKE OTN LETATPOMY OULTHG CE OVATEPNG
TO10TNTOC KADGLO KO YN MKES EVDGELS, OTMG AVATEPEG AAKOOLES KOl AEPOTOPIKA PLOKAVGIULAL.

O okomdg Tov dEVTEPOV KEPUAAIOV tvar 1 SlEPEVVIOT TG EPUPUOYNG TG TEXVOAOYING HEUPpovaV
moAradiov (Pd) yia ™ déopevon CO, amd cuvovacHEVO KOKAO QUGIKOD aeplov 6€ [ Asttovpyio pe
ELOYIOTOTOMUEVEG EKTTOUTEG Oepimv Tov Beppoknmiov. Zouewva pe v vad e&étaon diepyacio, To
(PLOIKO AEPLO LETOTPEMETAL GE £VOL AEPLO KADGHLO TAOVGLO GE VIPOYOVO HECH SLOSOYIKMY OEPLOYN UKDV
dtepyooidv. To vopoydvo avtd draywpiletar amd to CO, oTig HeUPpaves Kot 0dNyEiTOL TPOG KAVGT| GTOV
0eplooTpOPiro. Meta&d TV oTdymv givat 0 TPosdlopicdg TOV PEATIOTOV GYESIAGHOD Kol 0 KaBopiopdg
TOV  TOPOUETPOV  AElTovpylag Yoo UEYIGTN  OmmOd00Y], GE GUVOVACUO HE  YOUNAO  KOOTOG
nAextpomopaynyns. Ta amoteléopato TV Tpocopoidoeswv €doei&ov 0Tt M ddtaén mov TpoTeiveTon
pmopel va @tdcst to 50.82% xabapn anddoon pe Tovtdypovn omddoon décpevong CO, ion pe 90%,
kafotoviag v vrd e€étaon teyvohloyio ®G TNV MO omodotTikn emAoyn Yo déopevon CO, amod
EVEPYEIONKA GLOTNUATO PLCIKOD 0EPIOV. ATO TNV OKOVOLIKY OVOAVGY] TPOKLTTEL OTL T0 KOGTOC TMV
pepBpavav, mov eEaptdral Kotd moAD amd TNV EMPAVEL TOLG, Toilel onNuAvTIKO pOlo otV OAn
EMEVOLOTN. TNV OKOVOIKA BEATIOTN TepinTtwon, to KOoTog amopuyng CO, pmopei dvvntikd vo yivel
7.4% pkpotepo and avtod g mepintwong apvov pe MDEA.

Y10 1pito KePdAao e&eTdlovTal Ol o ONUOVTIKEG TeYvoAoYieg déapevong CO, dniadn EkmAvon pe
apivec, Kok og acfeotiov kot kavon pe kabapd o&uydvo, vId To TPicU TNG ATOSOTIKOTNTAG TOVG KOl T
duvatotnto PeATimoNg Tovg KaTd TNV £Qapoyn Tovg og MBavOpakikd Bepponiektpikd otabpd. Ot petd
Kavong Ofopevonsg Te(VOAOYieg EMOPOLV  JAPOPETIKA OTr Agltovpyic. TOLv OTAOUOV: Ol CpiveG



KOTOVOADVOLV OTHO Yol TNV aVOyEVVNGCT] TOV SLOAVTI), EVO Y10 TV OVAYEVVIIOT TOV GTEPEDY 0OPECTION
KOTOVOADVETAL KOOSO, ATO TNV AN LepLd, M TeXVOAOYid KaBapod o&uydvov €xel vo KAVEL e VYNALG
KOTOVOADGELS OTN HOVASQ SLa®PLGHOD TOV AP YL TV TAPAY®YN ToL Kabapov o&uyovov. Q¢ epyoleio
OUYKPIONG OLTAOV TOV TEYVOAOYIDV eMAEXONKE M e€epyelokn] aviilvuon. XtV TEPINTIOON TOV OUIVOV
(MEA), 7.7% ™G cuVOAIKNIG EEPYELNG TTOV EIGEPYETOL GTO GTAOLO KOTAGTPEPETOAL GT LOVADH OEGHEVOTG
kat 1.0% xatd ) cvpmieon tov do&ediov Tov avOpaka. Av kot Eva onpavtikd Tocd e&épyetag (22.3%
TNG GLVOAIKNG GTO KAVGILO) YAVETAL 6T LOVAda KOKAOL TOL 0oPeaTiov, 1) v AdY® dlepyacia glval 1) o
OTOS0TIKY TOGO OO EVEPYELOKNG OGO KOl EEEPYELIOKNG TAEVPAS LE TN pikpdTepn Towvn e&épyetag (-9.0%).
Yy mepintwon g kabapng Kovong pe o&uyovo, n mapoaywyn o&uyovov oTn HovAda SLo®PIGLOD TOV
aépa givar 1 diepyacio pe TIC TepLocoTePEG e€epyelarés andieieg (647.8 kl/kgcon)-

O okomdc ToL TETAPTOL KEPAAAIOL €ivar 1 dlepeuVNOT SPOP®YV GTOLYEIMV KoLl TOPOUETPOV Y0 TV
emavaélonoinon tov decpevdpevon CO, mpog mapaymyn LeBavoing oe peyaing kiipokog spappoyés. Tao
otoyeio avtd oyetiCovior pe v TNy TOPUYWYNS EVEPYELNG OV OTOLTEITOL KLUPIWS Y10 TNV TOPAYOYN
vopoydvov, TV TEYVOAOYin décpevonc O10&ediov Tov AvOpoko kal T JSayeipion (HETOPOPE Kot
amodnkevon) tov oéplov avidpoviov (H, kat CO,). H avdlvorn k66Tovg 68 S1AQOPES MEPIMTMOCELS
CUCTNUATOV TOPAY®YNS KOVGIH®mY oo evépyelo emPBePatdvovy OTL TO0 KOGTOC VOPOYOVOL €ival O TO
KPIGIOC TapAyovToc. AlGQopeg EMAOYEG Y10 T LETAPOPA NAEKTPIKNG EVEPYELNG YO TNV TOPAYMYN TOV
VOPOYOVOL LEAETMVTOL KOl GUYKPIVOVTIOL OGOV 0pOPa TIV O1KOVOLULKT| Tovg frwcipotnta. H yprion ¢nvig
NAEKTPIKNG EVEPYELNG GE GUVOVLOGHO LLE TO PEYOAO CUVTEAESTN YPTOLLOTOINONG Evo amapaitnTa Yo TNV
peimon Tov KOGTOVG Toapay®YNG Tov vopoyovov. Emiong, m obvvdeon Tétowwv cvotnudTOV e
MBavOpokikd otafud mopaywyng evépyslog sival pio evOLOQEPOVGA 1OE0 YIOL TNV EKUETAAAELOT TNG
TEPIGGELNG NMAEKTPIKNG EVEPYELAG OTOV 1) TOANGCT TNG 6T0 dikTvo dev Kabiotatol cvpeépovoa. Kabde o
ond TG TOPAUETPOLS YL TOV KAOOPIOUO TOV KOGTOLG TOL VOPOYOVOL (KOGTOG KEPOAOIOL TOV
NAEKTPOAVTI, KOOGTOC MAEKTPIGHOD KOL KOOTOG OOOKELONG TOL VOPOYOVOV) pmopel vo moiet
kaBoploTikd poro otn Prociudmra kibe oyediov avoldymg o oxédlo kdbe gopd. Ilavtwg, peydin
wpoondBela Oo mpémel va katafinbel £tol dote Ta KOOSO TOV TPOEPYOVTAL amd TNV enovaslonoinon
0V CO; va TAGOoVV £Va, OVTAYOVIGTIKO ETIMESO GTNV Oryopd.

To méumto KePAAOO aPopa TNV depedvon SPOPOV GTOLYEIWV GYESNAGLOD Y10l TNV OTOO0TIKOTEPT
petatponmy tov dwo&ewiov tov AdvBpaxka o VyYnAng aflag kovoluo. Avo Kovotoueg dlepyucieg
mopovotdlovtot yia T PEATioon TG Topay®YNS AAKOOA®Y, £va yio HeBavorn Kot Eva yio alfoavorn. Znv
nepintoon g pebovoing (CO,+3H, — CH;OH+H,0) mapovoidleton éva véo oyniuo Pociopévo oe
KATOAVTIKOVS avTOpaoTnpeg Le pepPpdvec pe vynin dwamepotdtnta gite amd peboavorn (opyavopires) N
amd vepo (VOPOPILeC). H amopdkpuvon pebavoing otny TpmdTn TEPITTOOT EYEL EVEPYETIKT EMIOPACT| GTIV
TOPOYOYIKOTNTA TNG UEBOVOANG, UEIDVOVTOC TOV OMALTOVUEVO OYKO TOV OVIIOPACTHP. XTNV Se0TEPN
nepintwon (2CO,+6H, — C,HsOH+3H,0), mapovoidletal yio npdtn @opd o véa didtaén yio v
mopaymyn g afavorng pécm evdlapeong mopaywyng DME. Xvykpwopevo pe tov copfotikd tpomo
mopayoyns péowm g avtiotpoens avtidpacng petatémong (CO,+H, — CO+H,O0 — C,HsOH)
TPOKVITEL OTL TO TPOTEWOUEVO GYNHO £xEL VYNAOTEPT ATAd00T AOY® TV YAUNAOTEP®V BEPUKDY KO
evepyelokmVv arortioemv. H ouwovopukn avélvon odnyel 610 cupmépaciio 0Tt T0 KOGTOG TOPAY®OYNG GTO
TPOTOTLO GYNUa glvar yapniotepo kotd 18% amd avtd mov Pocileton oty aviictpoen avtidpoon
LETOTOTIONG,.

210 MAaiclo g depevvnong Tpodmwv aglomoinong g Propdlog, To £KTo KEQAANO GYETICETOL UE TNV
ovvleon avaTEP®OV 0AK0OA®V (oBavOLY|, TPOTOVOAN KTA) HEG® BEPLOYNIK®V dlEpYacI®V (0EpLoToinom



Bopalag). Avtég ol evdoelg Pmopobv va ypnoytomombovv gite amevbeiog g kavoa 1 TpocbeTicd
Kavoipov N oav fdon yo v ocbvleon GAAwV UKoV ovotdv. TTapovoidloviar Kat cuykpivovtal 6vo
SlopopeTIKEG dloTAEELg dlepyaoidv, kabmg Kol kdbe vrocvotnuo kol diepyacio mov Tig cvvhétovy. H
LLOVTELOTOINON aVT®Y £YEL GKOTO VO, TPOCIOPIGTOVV OAEG Ol BEPUIKEC KOl EVEPYELNKEG ATALTIOES EVOC
TETOLOV GUGTHKOTOC, KABMS Kot va KaBoptoTohy ta Opla Tov Tibevion amd Beploduvapukng TAELPAg ot
Aewrovpyia kdBe depyaciog. E&etdleton m emidpaocm tov TOMOL TNg TPAOTNS VANG Propdalag mov
YPNOULOTOLEITOL GTO GYESIAGHO KOl TN AELTOVPYIC OAOV TOL GLGTANATOS, KAOME Kot 1 AVOKLVKAOPOpPio Kot
EMOVAYPTCILOTOINCT TOV 0EPI®Y TOV JgV OVIESPUCOV OTOV avTIdpaoThpa ovvleong Ot yapniég
EMAOGELS TOV GUYYPOVOV KATUAVTAV TETO0V TOOV (YapmAn petatponty CO Kot PIKPT EMAEKTIKOTNTA GE
OVAOTEPEG OAKOOAEC) OPOLYV GOV OVOCTUATIKOG TAPAYOVIOC OTN AELTOLPYiC TOL OTABUOV Kol GVTO
Aappéavetor vroOYN 610 TYXESICUO Kol aToV KaBoplopd TV Tupapuétpmv Asttovpyiag. To aéplo cuvbeong
Kol TO 0€PLoL OV TPEMEL VO OmOpokpuvOovv amd avtd (kuplog micoeg, copotiow, H,S wxor CO,)
kaBopiletor omd ToV TOTO TG TPAOTNS VANG KOl 0LTO e TN GE1pd Tov Kabopilel To choma Kabapiopod
nov o emdeyBel. O1 mpocopoldoelg £6eEav OTL 1 LOPOYOVMSN TOL HovoLeLdiov Tov dvBpaka gvvoeitat
oe vynkn mieomn, Beppokpacio yopm otovg 325 °C kar o UEYAAOVG YPOVOLE TOPUUOVIG OTOV
avTIOpacTAPa. AVTO EMTPEMEL TN UEl®ON TNG TAPOYNG TOV OVOKVKAOQPOPOLVIWOV OEPI®V, YEYOVOS TOV
00Nyl TN ONUAVTIKY LEIMON TOV EVEPYEINKDY KATUVOADCE®MY TOGO Y1 T CUUTIEST] AVTM®V OGO KoL Yo
™ Agwrovpyio Tov ovapope®TNPO. To PlodtwAeTHPlo TOV YPNGLUOTOIEL TPOTOTOMUEVO KATOADTN
Fischer-Tropsch vmepéyel évavtt ovtov He TPOTOTOMMUEVO KOTOADTN Yoo ovvBeon peBavoing oty
TOPAYOYN] AVOTEP®V OAKOOA®DV. H amddoon oty mapaymyn avtdv TV evidoewy o€ fdon Avotepng
O¢gppoyovov Ikavomrag pmopet va ptacet £0¢ 10 25%.

Télog, oto €Bdopo KeEAlato, Tapovcslalovial VO TPOTOTLTOL TPOTOL TOPAYMYNG SUKAUSIGUEVDV
TopaPVOV Paciopévol oty avaPaOion aAKooAmv, TOL TPOEPYOVTIOL OO TO EVEPYEINKO GUGTNHO TOV
TOPOVCIAGTIKE GTO TPONYOUHEVO Ke@AAato. H avdivorn meprapfavel v owcovopiky a&loldynon Kot
OUYKPION OUTOV TOV OgploynuUKdY ocvoTnuatov pHe oviioyo ovotipoto  Fischer-Tropsch 1
Brodwiiotipla mov Paciloviar oe Proynpkég depyaciec. O €vag Tpdémog mopaywyng Pacileton otnv
avafadiion N-BovtavoAng evd o dArloc oty 16ofovtavorns. To amoTeEAEoUATO TMV TPOCOLUOUDGEMV
£0e1&ov VYMAEG eMOOCELS KOl 6TA VO CLGTIHHOTO, VTOAOYILOVTOG TAPAYOYIKOTNTO KAvcipov T(eT £mg
kot 0.172kg/Kggecdsiock Kot 40.5% Beppukd Babpod amddoong oty mepintmon mov epapuoletal n devTePN
Beppoymukn dwdpoun mapoywyns. To 16olvylo vepod o 6Ao to Prodwiiotiplo duvapkdétntag 190
MWy, £de1Ee THOIEC OVAYKeC PPEcKOL VdaTog 641000 m’, avadetvbovag T doyeipton Tov vepol mg
éva peilov mepiforroviikd Qo yio tétown mponypéva cvotipata. H a&lomoinon tov dvBpoka mov
eumepiEyeTor oty apykn Popdla sivor oxetikd vynin (30%), odnydvrag oe younAiég exmoumég CO,.
AT6 TNV OIKOVOLUKY] a&LOAOYNOT TPOEKVYE OTL 1 ELAYLOTN T TOANGONS KOLGiOL TLET G€ £va GUGTNHO
Fischer-Tropsch (1.24 €/1 jet fuel) sivor eho@pdg YOUNAOTEPT OTO TO TPOTEWOUEVA OEPLOYMNUIKA
ovotiuata (1.49 €/1 kol 1.28 €/1 yio T1c dvo TEPUTTOOELS e TOVS SLOUPOPETIKOVG KATUAVTES), AL TO
ovotnuo mov PacileTor otn Proynpiky depyacio tng {Opuwong Aketdovng-Bovtavoing-ABoavorng eivor n
owovopka mo embounty emioyn (0.82 €/1). EmmAéov,  mepintwon Tov va TOAOVVIOL Ol OPYOVIKEG
EVOGELS TOV TOPAYOVTOL EVOLAUESH OTI] GUVOAIKY dtepyocia (EAappéc Kot Papeic orlepiveg Kol 1GOUEPT
C4 alkool®dV) amodekvOETOL MG TOAAG VITOGYOUEVN Yid TN Plocipudtnta €To1wv otadudy aglomoinong
Bopalag.



