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Abstract —The objective of the paper is to discuss the poteati which relies on the use of enzymes and other
of cellulosic ethanol production processes and corape them, to microorganisms, or chemicals to destroy structiirthe
find the most appropriate production method for Latvia's cellulosic chain and to obtain simple sugars, sash
situation, to perform theoretical calculations andto determine glucose. After hydrolysis, sugar fermentation and

the potential ethanol price. In addition, price forecasts for future
cellulosic and grain ethanol are compared. A feasility estimate
to determine the price of cellulosic ethanol in Latia, if

distillation processes follow.
B. In the thermochemical conversion process route,

production were started in 2010, was made. The grairand lignocellulosic feedstock is gasified and synthegis
cellulosic ethanol price comparison (future foreca$ was made (syngas), such as carbon monoxide (CO) and hydrogen
through to the year 2018. (H,) is obtained. These gases can further be conveted

Keywords — biofuel, cellulosic ethanol, woody biomass, ethanol through both fermentation and catalytic
economics. processes_

A. Biochemical conversion process

|. INTRODUCTION The conversion of lignocellulose to ethanol cossidtfive
In the long term, ethanol is one of the most primgis Main technological processes [2, 3, 4]: .
biofuels because it can be produced from a largeetyaof 1) Biomass pre-treatment — it is the destruction of

materials, if only they contain simple or complexgars. For lignocellulosic structure and simultaneous lignin

the industrial production of ethanol, mostly sugae or separation. Pre-treatment can occur in a physical,
starchy feedstock (like corn, potatoes etc.) aggluslowever, biological, chemical or physicochemical way.
a more promising feedstock — the lignocellulosionbass can 2) Hydrolysis — to break down the cellulosic chain
be used. Bioethanol which is produced from celiglos into simple sugars, in the presence of enzymes or
biomass is called cellulosic ethanol [1]. chemical substances.

Ethanol is extensively used in three ways — in wiaei 3) Fermentation — the process to convert sugars to
(both in drugs, and as a disinfectant), in spitisitiquids, and ethanol, most frequently with the aid of bacteria
as biofuel (as pure biofuel or blended in low pntjpos with or yeast strains;

fossil fuel gasoline) in motor vehicle internal doustion 4) Distillation and purification — ethanol separation
engines. and purification in order to meet the fuel

specifications (properties);

Il. ETHANOL CONVERSION METHODS 5) Wastewater treatment and co-product utilization.

There are two primary routes for the production oBjochemical conversation is shown in Figure 1.
cellulosic ethanol — biochemical and thermochemicates:

A. The biochemical conversion process consists of the
hydrolysis of pre-treated lignocellulosic feedstock
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Fig. 1. Schematic ethanol manufacturing from ligellndosic biomass, via fermentation process [1].
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biological depleting potential (how easy it is teak

B. Thermochemical conversation process. ° C en
down the lignocellulosic fibers).

This process can be carried out in two ways [5, 6]:

1) Through a complex thermochemical and biological
system. Gasification, where carbon based moleautes
broken apart to access the carbon and carbon naejoxi  The product (in this case - cellulosic ethanolg lifycle
carbon dioxide and hydrogen are produced. Thigonsists of several stages, starting with the prthoii of raw
follows by fermentation where the carbon oxides anthaterials and ending with the management of waste.life-
hydrogen are converted into ethanol using organisneycle analysis is an environmental impact analysisa
that consume carbon oxides and produce ethanol apebduct throughout its life cycle. Life cycle arsily is

IV. LIFE CYCLE ANALYSIS

byproducts.
2)
biomass is gasified to obtain carbon oxides, foldw
by catalysis, where gases are converted into etlzanb
other higher alcohols with the aid of a catalysheT
process ends with alcohol distillation and purifica.

I1l. LIGNOCELLULOSIC FEEDSTOCK

Currently, the production of ethanol is based anubke of
raw materials containing starch or sugar — respelgti
different types of grains (mostly wheat and riceprn,
potatoes and sugarcane or sugar beet. Howeverkitidsof
materials can be used in food production, which maethat
the increasing demand for ethanol may cause amaserin
raw material prices, resulting in a simultaneousartl and
food price jump [7].

For these reasons scientists have carried outiassef
studies and come to discover the broken wood pulztsire,
and how to extract the wood sugars, which can bedeted
exactly the same way as starch or any simple sugdédrs
fermented ethanol, because of its properties,dstidal to the
one obtained from starch or sugar [7, 8, 9].

Raw materials can be divided into two broad catiegor

1. Raw materials that are specifically grown fog tieeds
of bioethanol production, or energy crops. Thissgaty may
include fast-growing crops like willows and energeajrasses
(fast-growing grasses with high vyields per hectafey,
example, Sweet Clover, Timothy, Lucerne, etc.) [8].

2. Wastes or industrial by-products from a variety
industrial or farm activities. There might be otheaterials
such as forestry products (branches, stumps, agrigultural
wastes (straw, green mass of different culturegy-, @otato
and beet tops) and the biodegradable portion oficipai
waste (paper, food waste, etc.) [8, 9].

described in the whole industrial system, whichaggs in

Thermochemical process — where, like in point onegroduction, use of the product and waste management

Cellulosic ethanol environmental impacts of alelfycle
may vary widely, depending on what materials aedlua the
production, plant geographical location, by-producesulting
in the production process and its utilization ploiisies, the
chosen production technologies, and, finally, hbesdbtained
biofuel is used (as a fuel to generate energy erfagl for car
engines) [11].

However, the cellulosic ethanol life cycle consisisfive
main stages, from biomass production /extractiord an
transport, followed by bioethanol production, bieifu
distribution (delivery to the consumer), and theiohof the
life cycle ends with ethanol consumption or usg.[11

Despite the many life cycle stages, bioethanol, pamed
with fossil fuels, has about 20-55% lower life @ycl
greenhouse gas emissions and it is a locally sdufael,
which is an important factor for national economic
development and energy independence. Furthermuoeeuge
of bioethanol can contribute to the diversificatiof the
agricultural sector, improve rural economic devebept,
encourage the development of underdeveloped aasasgll
as promote environmentally friendly transport, henc
improving the air quality in large cities and irhet sensitive
areas [12].

V. ECONOMICAL ANALYSIS

A. Plant modeling

Drawing from studies and estimates conducted impthoe
station and the first commercial cellulosic ethapaduction
facilities, cellulosic ethanol production plant eomic life
provides an average 15 years, but the plant teghhfetime
can actually reach up to 20-25 years [13].

The operating expenses of ethanol plants includb sast

Materials with a higher cellulose and hemicellulosg. s as the cost of the biomass and raw materifsr
content, and lower lignin content have higher ethangeaiment costs, the cost of hydrolysis, fermentatand

extraction potential. This is explained by the fauzt lignin is
a lignocellulosic fibrous part which cannot be ®oininto
ethanol.

Raw materials must be chosen by evaluating criteuizh as
[10]:

materials;
e raw materials or by-products used in
manufacturing sectors - with a higher added value;
e alarge amount of available raw materials;
e non-food use;
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ethanol purification process, the cost of variousergy
resources and water, the additional costs involmedthanol
storage, plant maintenance, insurance, taxes, oipees
recruitment, loan interest payments, and the oduglitional
costs. Relevant cost items per liter of ethanolsamamarized

a high level of theoretical ethanol yield from raw, Table 1 [13].

The cellulosic ethanol price as it could be inviat if

othegthanol production would commence in the year 2810

shown in Table 1.
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TABLE |
ADJUSTED COSTS FOR BIOETHANOL PRODUCTION FROM CELLULOSICEHESTOCK INLATVIA?[13]
Costs per liter of ethanol in
Ne Cost category % of total costs Latvian Lats in 2010
(LVL) Ls 201dlet

1. Biomass 31,96% 0,290
2. Enzymes 9,31% 0,085
3. ;)Ihhct-:(‘)rszv:urjrgﬁéirtis)ls (sulfuric acid, lime, 4.57% 0,041
4. Waste management 0,46% 0,004
5. Electricity -3,86% - 0,035
6. Water 0,19% 0,002
7. Labor/supervision 1,86% 0,017
8. Maintenance 6,13% 0,056
9. Direct overhead 1,11% 0,010
10. General overhead 5,57% 0,051
11. Insurance and property taxes 3,06% 0,028

Total cash costs 60,33% 0,55
12. Annualized capital charge 39,67% 0,36

Total production cost 100,00% 0,91

@Cellulosic ethanol costs have been updated froh(B@oman et al. 2007) and recalculated using-tresumer price index.

®The cost category of electricity is negative, beesitiis produced in the ethanol station by usmlaustion by-products (such as lignin, etc.) armkex energy
is fed to the network, thereby gaining revenue.

°Annualized capital charge consists of 20 % of el tcapital investment, and assuming a 10 % &dterate of return on capital.

Further, a cellulose ethanol and grain ethanol epric 40% range during the years 2010. — 2020. Thezefiam
comparison and future forecasts, using the prelyaalstained this forecast three possible scenarios for a deer@a prices
results and the forecasts for cellulosic ethanatepiof the will be considered — 33%, 40% and 60% from the joesly
Netherlands Ministry of Economic Affairs and theaigr calculated price in the next ten years [14].
ethanol price forecasts of the Organisation forrieroic Co- Combining the cellulosic ethanol price drop scermand
operation and Development (OECD) was conducted [15]  the OECD forecasts for grain ethanol prices a grapbwn in

The Netherlands Ministry of Economic Affairs expect Figure 2, was generated.
that the cellulosic ethanol price in Europe wilbgrin the 33%
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Fig.2. Cellulosic ethanol and grain price scenadmparison - forecasts for the future through 2043 15].
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As shown in Figure 2, at Scenario A the cellulcsicanol
price around the year 2018 may already have acthi¢tive
expected price of grain ethanol. Thus, after Séenargrain
and cellulosic ethanol prices in 2018 could beha $ame
level. According to Scenario B, around the year2bie price
of cellulosic ethanol could reach the price levél grain
ethanol and in 2018 it could even be lower by apipnately
11%. Scenario B is more optimistic than Scenariavhich is
probably the most realistic in forecasting the dasing price
trend. But, according to the most optimistic scenar
Scenario C, grain and cellulose ethanol pricesccoeéch the
same level already in the year 2011, but by the 2648, the
cellulosic ethanol price might be lower than thejected
grain ethanol price by about 40%. It may be conetuthat
Scenario C is too optimistic, because in that ¢aghe next
two years, a very rapid development of cellulosi@aol must
begin, and substantial resources in research avelagenent,
as well as a change in legislation and in the pledisupport
rates for biofuel to promote cellulosic ethanol gurction
should take place. Reality indicates that all thissstors are
time-intensive and therefore this scenario is dhigoretical
possible. However in general, Figure 2 shows thatré
projections are promising, and the cellulosic etthgmice may
quite soon be competitive with grain ethanol prigbereby
creating a positive push to the development of ieogy and
the reduction of fossil fuel consumption and theoasted
greenhouse gas emissions.

B. Measures to achieve price reduction

In the calculations performed previously, the debic
ethanol price was established at Ls 0,91 (Tabl&Vhjle price
changes were anticipated, the price of grain ethforothe

year 2010 was set at Ls 0,59. Consequently, thee pri

difference draws up to about 35%. This means that t
cellulosic ethanol price needs to decrease by 35840(32),
for its production to become economically compesiti
compared to grain ethanol. The grain and celluletianol
price comparison in Latvia in 2019shown in Figure 3.
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Fig.3. Grain and cellulosic ethanol price comparisoLatvia in 2010.

To achieve a reduction in the cellulosic ethanadqyrit is
necessary to implement complex price reduction reffo
which would include the following:

developing a standardized factory model concept and
the mass production of equipment, which would reduc
investments in buildings, infrastructure and faieii.
Development of enzyme production technologies,
because now enzymes are relatively expensive
materials, but with the trend of price reduction.

It should be considered what type of biomass wéll b
used in production technology, because raw maserial
can be grown specifically for ethanol productiothe
energy crops or waste products can be used.
Lignocellulosic ethanol industrial by-products waul
need to be used for energy recovery in order to
maximize revenue from by-products and thereby reduc
the ethanol price.

It is necessary to develop a variety of production
technologies in order to diversify the production
methods and hence both the equipment and material
suppliers, to avoid dependence on any particular
country or supplier.

VI. CONCLUSIONS

It is clear, that in the near future one needsintd fa
substitute or alternative-renewable fuel for fosseitergy,
which would be possible to produce in large quiatit
Bioethanol is already one of the most common typés
biofuels. However, currently it is made from maaésithat can
be used for food production (cereals, potatoesarsimget,
etc.), so it has initiated extensive studies toambtthanol
from cellulose-containing materials. The biggesteirfor the
cellulosic ethanol development is the opportunityuse it as
fuel for car engines.

The world's most serious research in the fieldedfutosic
ethanol production has only recently begun and atvia
research in this area is quite negligible. Curseritie greatest
barriers for the production of cellulosic ethanal a large
scale are significant financial contributions to tthothe
production unit and also the production processek&fvith,
ethanol production, compared to the grain ethanodyction,
currently is more expensive, and substantial chipit@stment
for construction of a new ethanol plant is needed.the
Latvian situation, political interests which aret poone to the
production of alternative resources come up in tamdito
financial issues.

Regarding the provision of cellulosic ethanol faedk,
the Latvian renewable energy policy currently tetmsards
supplies from energy crop growing by utilizing firtaal aid
provided by EU funds. But the renewable energyaqiedi in
other developed countries are more focused on
simultaneous processes of waste or by-productatitin and
energy production, thereby obtaining the maximursitpe
benefit to the environment, economy and society.

Summarizing the proposed price forecasts, it can
concluded that by initiating cellulosic ethanol guation in
Latvia already in the year 2010, a relatively ptofd decline
in cellulosic ethanol prices in the next 3-5 yeamild be
expected. Already around the year 2018, cellulethanol
production may become economically viable compated

the

be

1. Capital investment reduction, by involving the co-grain ethanol production since the cellulosic etthgmice will

financing of European Union's financial instrumeig
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Zane Aunina, Gatis BaZbauers, Kirlis Valters. Bioetanola razoSanas iesgjas Latvija no lignocelulozi saturoSas biomasas
Etanols ir viena no daudzscid&jam biodegvieim, jo princif to var ied@it no jebkura matedla, kas satur vierik3os vai saliktos cukurus. Indugtai etanola
razoSanai liekoties izmanto cukurniedres vai cieti saturoSawielas (lahbu, kartup&us u.c.). Tordr, ka viena no daudzsolagajam izejviebm tiek Esta tieSi
lignocelulozi saturoSa biomasa. Bioetanolu, kastgego celulozes biomasas, sauc par celulozes atanol
Loti plaSi etanols tiek izmantotdgrsektoros — mediaa (gan zlés, gan & dezinfekcijasidzeklis), alkoholiskajos @rienos, un & biodegviela (ra biodegviela
vai maisjuma ar fosilo degvielu) automatu iekSdedzes dzjos.
Celulozes etanola i&@§anu var iedat divas lielas kategorijs:
1. Celulozes EelSanas process, kas &ssho iepriekSapsidatu lignocelulozes izejmatetiu hidrolizes, izmantojot fermentus, lai izjauktu celulozes
strukiiru un iegditu vienkarSos cukurus, pieénam, glikozi, kam seko fermeatijas un destilcijas procesi.
2. Gazifikacija — aj procesg lignocelulozi saturoSie izejmataiiitiek gazificeti un ieditas tidas gzes k oglela oksds (CO) unideyradis (H). Talak &is
divas iegitas gizes var tikt prvérstas etanal izmantojot fermentiju vai kimisko kataizi.
Darha apskaita celulozes etanola razoSana, izmantdjetSanas procesugdi procesu kombiitija: lignocelulozi saturoSu izejvielu priekSajaste ar ataiditu
skabi, kam seko hidr@te enmmu klatbatng, visbeidzot norit iegto koksnes cukuru fermeatijas process un etanolaiaana.
Petijuma nerkis bija iz\ertét iesggjamos celulozes etanola razoSanas procesus umgaNdos saidzinat, ka af veikt teogtiskus apekinus un noteikt iesffamo
celulozes etanola cenu. Tika veikts celulozes andy etanola cenu sdinajums, prognogot to cenas #kotre laika period lidz 2018. gadam. Tika izatiats
af tehniski ekonomiskais pamatojums, lai noteikfidekvagtu bit celulozes etanola cena, ja raZzoSana tiktakias2010. gaal
Apkopojot cenu prognoZu rezatitis, seciats, ka, uzakot celulozes etanola razoSanu Latyjau 2010. gaal tuvako 3-5 gadu laik batu verojams celulozes
etanola cenas strauj$ kritums. Jau ap 2018. gddiozes etanola razoSana vaiitkckonomiski pamatota, $drinot ar graudu etanola razoSanu, jo ap So laiku
celulozes etanola cena #ar sasniegt graudu etanola cenu vai patzeneka par to.

3ane Aynuns, I'atuc Ba:x6ayspc, Kapiauc Baarepe. Bo3zMoxkHOCTH IPOH3BOACTBA 0HOITOHOIA H3 GMOMACCHI, COleP:KALIii JUTHOLe110103Y B JIaTBHU
OtaHoIN SBIAETCS OJHUM U3 NEPCHEKTUBHBIX BUJOB TOIUIMBA, TaK KaK B NPUHIHIE €r0 MOXHO IOIYYHTh M3 JIFOOOr0 MaTepHana, B COCTaB KOTOPOTO BXOAUT
MIPOCTOM MM CIOKEHHBIN caxap. B mpoMBIIIIeHHOM IPOU3BOJCTBE 3TAHONA B OCHOBHOM HCIIOJB3YIOT CaXapHyIO CBEKIIy MIIM UCXOJHbIE BELIECTBA COAEPKALINE
caxap (3epHOBble, KapTodenab U T.1.). OJHAKO OJHHM M3 MEPCHEKTHBHCHIINX CHIPhEM CUMTAETCs OMOMacca COAepiKallasi JIMTHOLEILIIoN03y. broasraHo,
TOJTYCHHBIHA U3 LEJUTI0I03bI OMOMACChI, HA3bIBAIOT LIEIUTIOJIO3HBIM STAHOJIOM.
OdeHp MIMPOKO 3TAHOJ HCMONB3YETCSI B TPEX CEKTOpax — MeauiunHa (KaKk B JIEKapCTBaX, TaK M KaK CPEACTBO JE3HH(EKIHN), B AIKOTOJIbHBIX HAUTKaX U Kak
OUOTOILIMBO B aBTOMOOHIIBHBIX JBUIATENISIX BHYTPEHHETO Cropanus (B BUAE YMCTOr0 GHOTOIIIMBA HIIH B CMECH € (POCCHIIBHBIM TOIIHBOM).
IToy4yeHune LeTI0N03HOTO 3TaHOIa MOXKHO Pa3/eIuTh Ha JBE OOJIbIINE KATErOPHH:

1. MPOLIECC PACILEMICHHS LEIUTI0I03bl, KOTOPBIM COCTOMT M3 HPEABApUTENBLHOIO TMAPONN3a ChIPbS JIMTHOLEIUIIONO3bI, A Pa3spyIIEHUS CTPYKTYpbI

LEJUTIOJIO3bI M TTOJYYEHHS IPOCTOTO caxapa, HalpuMep, TIFOKO3bI, OC/Ie KOTOPOTo ClIeAyeT MpoLecchl GepMEHTALNH U JICCTHIIALIH.
2. Tasuduxanus — B JaHHOM MPOLIECCE CHIPbE, COJAEPIKAIIIEe JTUTHOLEILTION03Y, ra3udHILUPyeTcst U MOJIy4YaroTCs Takke rasbl, kak okcun yriaepoxa (CO) u
Bogopox (Hy).

B pabote ObUIO paccMOTPEHO NPOM3BOACTBO IEIUIIOJIO3HOTO 3TAaHONA MCIONB3YI MPOLECC PACIICIUICHHs, TPH CIeIyrollell KOMOWHALMU HPOLECCOB!
HpeaBapuTebHas 00paboTKa ChIPbS COAEPIKAILETO JIMTHOLCILIION03Y Pa30aBICHHONW KHCIOTOH, MOCie KOTOPOH MIAET THAPOIU3 B NPUCYTCTBHU 3H3UMOB, H,
HaKOHeIl, IPOMCXOIUT Hpolece (pepMeHTaIH IOTyIeHHOTO APEBECHOTO caxapa M OYHCTKA dTaHOMA.
Llenpto nccnenoBaHus OblIa OLEHKA BO3MOXHBIX IPOLECCOB IPOU3BOJCTBA LEJUTIOJIO3HOTO 3TAaHOJA, a TaK JKe MX CPaBHEHHE MEXIy co0Oi, B TOM 4Hcie
HPOM3BEACHUE TEOPETUUECKUX PACUCTOB M ONPEICICHHE BO3MOKHOI LICHBI Ha LEUTIONIO3HBIA OMo3TaHON. BBUIO Mpon3sBeneHO cpaBHeHHE OyaymMX LEH Ha
3epHOBOH M LEJUIIONO3HBIH dTaHo! B nepuof Bpemenu 10 2018rona. Tak xe ObII0 pa3paboTaHO TEXHUYECKH-DKOHOMHYECKOEe 0OOCHOBAHHE IS ONpPEASICHHS
LICHBI Ha IEJUTFOJIO3HBII 3TaHOJI, B CITydae ecii Obl MPOM3BOACTBO OblIo HayaTo B 2018romy.
O060061IHMB pe3yIbTaThl IPOTHO30B LIEH, OBLIN CIENaHbl BBIBOJIBI, YTO HauaB MPOM3BOCTBO LIEIUTF0I03HOro 3TaHoia B Jlateun B 2010roxy B Gmmkaiiime 3-5roxa
HaOII0Janoch OBl CYIIECTBEHHOE CHIDKCHHE LICH LEIUIIOIO3HOrO 3TaHoNa. Yxke okoino 2018roma mpoM3BOACTBO LEJITIONO3HOTO JTaHONIA MOTIIO OBl CTAaTh
SKOHOMHYECKH 0OOCHOBAHHBIM, €CIIH €0 CPAaBHUBATH C MPOU3BOICTBOM 3€PHOBOIO 3TAaHONA., TAK KAaK K 3TOMY MEPHOJY BPEMEHH LICHa LIEJUTI0NI03HOIO STaHONa
JlocTHIIIa OB LIEHY 3€PHOBOTO 3TaHOJIA M OblIa ObI HIDKE ee.
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