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Abstract — Due to the abundance of fossil fuel resources in study sustainable development including socialjrenmental

Russia, the development of the renewable energy niat there
was delayed. Recent technological advancement hadlto an
increasing interest in biofuel production. The aimof research was
to evaluate how biofuels are introduced into the awent energy
scheme of the country. The potential production of iefuels was
estimated based on sustainable approaches which pide
solution for carbon emission reduction and environrental
benefits. Russia still requires biofuel policy to rake biofuels
compatible with traditional fossil fuels.
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|.INTRODUCTION

Since the beginning of the XXI century, biofuel guation
and consumption is constantly growing. The desireetluce
greenhouse gas emissions and to be less depenudossil
fuel even further promotes biofuel development. Melaile,
different biomaterials suitable for biofuel prodoct make
biofuel production attractive worldwide. HoweverydRia, as
a main leader in fossil fuel export, had not beewetbping a
bioenergy sector. Nonetheless, the availabilitylasfd and
biomass resources creates favorable conditionsbiofuel
development.

The introduction of an innovative product is alwags
challenge for producers and the government. Bio&iel new
fuel for the Russian market and it is very impottanproperly
present it to consumers. Currently, Russia hadeaast task
to improve energy efficiency and find alternativeusces of
energy. Biofuel use is one possible way to redwssif fuel
consumption in Russia. The government has alretalied to
pay attention to biotechnology; however Russid dtks not
have a strong biofuel strategy. New biofuel faieit are
established each year but the legal framework efciuntry
creates barriers to local use.

I1.THEORETICAL FRAMEWORK

and economic frames.

A visual representation of the sustainable deveknof
the biofuel industry (Fig.1) shows the main aspetthe core
concepts of sustainability within the frameworksoistainable
development. Three equally weighted categoriesnpiict are
usually considered: social, environmental, and enua [2].
There are issues that arise on the edges of esetpocg, like
social-environmental, environmental-economic andisdo
economic which, connected together, create theaimadtle
development of the industry. Regarding biofuel sty
development, the main environmental-economic isdags
within the framework of energy efficiency, whichqreres
biofuel production to become environmentally-frigndin
order to sustain the main idea of biofuel as aeradttive fuel
which can replace fossil fuel and be competitivéhim market.
Moreover, environmental-economic issues promoteritices
to use natural resources involved in biofuel proiducin a
rational way to produce waste and pollution adelitas
possible. Economic-social issues reflect problergarding
the fair trade of biofuel with a transparent prdituet cycle
and business ethics. Social-environmental problesfer to
the concept of environmental justice and equalidistion of
environmental wellness, as well as local and glatstural
resource stewardship. Social-environmental probleans
connected to the biofuel production
compromise opportunities of people to
environment.

Proper consideration of all three aspects estasish
sustainable biofuel production which will be benif to
people and business and will be environmentalignftly for
nature. A structuring of responsibilities for suséble
production can be based on sustainable developdiagtam
(Fig. 1).

Based on the diagram, it is possible to conclude ho
sustainable approach may be implemented by governme

have

Sustainable development means meeting the neetiseof copperation with private companies (Fig. 2).

present without compromising the ability of futwenerations
to meet their own needs [1]. Many scales were i@aplio
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Fig. 1 Sustainable development diagram. Adopted from igodz, Roman, Sturhahn, and Terry (2002).

In order to provide environmental-economic security The national government creates a basis in regardnt
governmental institutions should provide conditiofier environmental strategy for the regional and murmikip
businesses to develop and create a legislativeefrmmk for authorities to locally implement biofuel incentivesnd
companies to work in. The figure below shows they keprograms to respond to the social and economic ddsna
responsible governmental institutions in Russia.ci&e

[II.CURRENT SITUATION IN THE BIOFUEL MARKET INRUSSIA

Biofuels have gained a lot of attention in recepfrng,

Governmental _ Governmental : global Biofuel production increased from 209 900réls per
regulation in responce  incentives to promote  Business responce on )
of Biofuel Technology ~biofuel accessibility Social Demands day in 2000 to 1,510 300 barrels per day nowad&js [
el noet o DTS Modern technology makes it possible to produce ugibin

every part of the world, and Russia is no longeexareption.
Naturally rich in fossil fuels, Russia is the seddargest oil
Research and exporter and the first largest natural gas expant¢he world
‘};‘r’g;’&“;‘;':lt [4]; moreover Russia is also a large consumer.tréng and
governmental) effective energy policy is a vital necessity forrampatible
economy and the sustainable development of thetgous
lot of attention is being paid recently to effeetienergy
management in Russia. The new “Russia’s Energyestyaup
untii  2030” establishes the goal of an efficient,
Biofuel environmentally-friendly and financially-effectiveenergy
Associations development strategy [5]. The reason behind thibition is
to renovate the out-of-date current energy systemctwis
inefficient due to the low prices for energy resms; cold
climate, energy intensive production, and outdapexver
technology equipment [6]. As a result, Russia nézd@dimes
more energy to produce one unit of GDP than théailo
pverage [6]. According to the “Russia’s energytsgy’, the

economical demands are ensured by public-priva - =7
artnerships, research and innovation programanéed by country can save up to 360-400 million tons ofemjlivalent
P ' é}oe), which is about 39-45% of the current annelaérgy

the government or private investments and biofu )
consumption [5].

associations, to establish a proper response onsok&l : . .
brop b One of the ways to achieve effective energy manageis

demands for biofuels. Finally, social-environmentsgues ;
. . . the development of renewable energy. Attentioneteewable
might be solved through the regional governmentctvhdan ) ; .
energy sources remained very low until recent tichesto the

respond to a social request faster and more attigie i " .
P q v availability of traditional energy sources. Russigrently uses
only 1% renewable energy from the total amount®&hergy

City planning

Fig. 2. Sustainable approach for the biofuel indudéevelopment.
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consumption [7]. The almost total abandonment aéveable
energy has changed with the reformation of thegnpolicy.
The target for 2020 is to increase the use of raidsvenergy

sources up to 4,5% from the total amount of energy e

consumption [5]. It is impossible to switch complgt to
renewable energy in a short period of time, but i
priorities for energy development are nuclear, bydower
and other sources of renewable energy. It is erpetd
produce over 30 million kWh of renewable energy pear
[5].

Besides having a sufficient amount of fossil fuedaurces,
Russia has a lot of land which is hard to reach wués
remote location (e.g. the Republic Yakutia) anddfee the
use of traditional energy sources in these locatieads to
significant energy losses. It is strategically mreble to use
available alternative energy sources, such as é®fn these
regions, as biofuel use can be a solution for tlwblpm of
fulfilling local energy demands. That is why lochiofuel
production is very important nowadays

IV.BIOFUEL INCENTIVES

The government started to pay attention for
biotechnological industry rather recently, until 080 there
were no attempts to develop or systematize a govental
strategy regarding biotechnology. In Russia theeltgment
of biotechnology and particularly the biofuel inthyshas a
bottom-up approach. The tendency of an increasitegast in
biofuel on a global scale made producers in Rubsgigin
biofuel research and development on a country levake
process of developing of legal framework was ftatidid by
the business biotechnological and biofuel assasiati In
January 2010, “A draft of the biotechnological istiy
development strategy until 2020” was presented usskan
parliamentary hearings which were the beginninglegfal
strategic policy planning for biotechnology. Thigasva joint
effort of governmental and non-governmental orgatinns to
establish a plan for the development of the biatetdgical
industry.

The aim of the Strategy is to implement industriainformational and

biotechnology to Russia using modern innovativerapghes
for the production of import-free domestic bioteclogy

energy and promotion of biofuels use for the industnd
private consumers. The laws are established tdl feéveral
functions [7]:
Stimulation of renewable sources of energy useeit h
and electricity production;

e Development of investment mechanisms;

e Governmental assistance to small-scale business;

e Establish equal competitive advantages in the nhaoke
biofuels;

e Legal promotion of bioenergy use;

e Raise awareness and facilitate information exchange

and accessibility;
e Stimulation mechanisms for bioenergy consumers.

The Federal Program “Increase of energy consumption

efficiency” was developed by the Ministry of Enerigyorder
to sustain energy efficiency and promote the usaltefnative
energy in general and bioenergy in particular. @fhethe
targets of the program is to create conditions fbe
innovation and use of alternative energy sourcedudéls for
boilers and transport which will open new opportiesi for
energy savings [8].

the B. International Collaboration

Russia actively participates in international caagtien in
the development of innovative technologies. Codaraand
partnerships are established with many internatipragrams
and organizations such as the International Endiggncy,
the International Council on Large Electric Systentise
International Partnership for Hydrogen and FuellCel the
Economy, the International Partnership for comnatrcise
unconventional methane resources, the Global Brggne
Partnership [7].

C. Investment program

In 2005 the Ministry of Economic Development andde,
together with World Bank, created a “Russian Fetitara

Renewable Energy Project” subsidized by the Russian

government and the Global Environmental FacilitheTaim
of the program is to solve the main barriers (fziah
institutional) for the developrhenf
renewable energy in Russia [9].

The program intends to provide technological agsist as

products. It is a complex strategy that involves ifmovative well as investment support. By technological aasist it is
development of production, network formation, pobje assumed to support the development of legislatiederal
development and financing mechanisms, including thgrograms for renewable energy and the creation mbéern
development of a legal, economic and organizationghtabase about technologies. The estimated tosl afothe
framework, as well as the improvement of access {froject is 80 million dollars and around 15% of iheject
information and a system of training and education. will be invested in bioenergy [10]. As a resulte throgram
expects to contribute to G@eduction, stimulate local energy
generation in remote areas in Russia, and promotegg
efficiency. The stimulation of industrial developmieby the
project, improvement of infrastructure and the tiogaof jobs
reinforces a positive social impact from the prajec

A. Governmental incentives

Biofuel production and technological developmerdgaed
while the legislation base is still at a stage ef/@opment.
Federal laws “About the use of alternative typesnuaitor
fuel” and “About heat supply” presented to the estassembly
in 2005, which would regulate stimulation measufes
biofuel use in transportation and heat production the
governmental level are still at the stage of redifion. It is a
complex program that involves all the types of realkle

D. Local and private incentives

The production of biofuel in Russia started by fhivate
incentives in response to the growing European denfar
biofuel. The first biofuel plans were small-scal®guctions
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on the experimental stage which created furtheeldgment
to local administration programs. Municipal and ioegl
governments develop complex programs for
development, for instance the Republic of Chuvaghi4 and
Republic of Tatarstan [12] adopted “A Strategy afginal
Bioenergy Development until
development strategy in Chuvashia, there is amfiae to
establish not only medical research centers fotebfmology
development, plants for bio-additives productiont blso to
construct several biofuel production centers ingehdo
produce biodiesel, bioethanol and wooden pellets.
Targeted strategies for biofuel production and usze
enacted on a regional level in order to promotéueiouse and

known leader for bioenergy use worldwide and edoanat
and research cooperation contributes to the deredap of

bioenergyew technologies and mutual benefits.

The established project is aimed at creating mashento
create sustainable forestry and to improve foremtagement

2020". According to theby a zero wastes plan, and to propose efficiertirnglogies

for the facilitation of waste wood use for pellabguction
[17].

F. Private incentives

The continuous rise of oil prices makes consumeesch
for cheaper alternatives. The fact that transpogires which
work on biofuels are not yet widespread in Russé&kenthe

production. For instance the Rostov region and y0\|tapromotion of biofuel use difficult; biofuels are thproperly

territories refine biodiesel production through argeted
regional program [13], the Leningrad regions praaroibfuel

introduced to private consumers that has made dioas
motor fuel hardly accepted by the general publicvefe

use through a targeted program of wood productio(f'PmpanieS are following the development of proaurct@nd

development in order to make wood
environmentally friendly by introducing a new pration

cycle which allows to produce pellets and bioettanom

waste wood [14].

Another type of biofuel incentive was adopted bydetmw-
city government. This local incentive aims at iufmoing
biofuels in city gasoline stations. The measure erasted to
reduce the level of harmful emissions from transporthe
city. According to the city administration aroun@ Ber cent
of total emissions in the city come from transpd®]. The
resolution provides a program for the promotiotbiofuel use
in public transport, as well as private. The deparit of
transport and communication of Moscow foresaw agragbe
of buses in the public transportation system - dvieuses
will use biofuels. As a pilot project attempt, a mipal
public transportation company will be equipped wBb0O
busses working on dimethyl ether. The main chabefog the
introduction of the new fuel to the general pubic the
creation of a convenient infrastructure for fuepply, this
obstacle is planned to be retrieved by the reguiati use at
least one alternative fuel in the newly planned otias
stations. Stimulation measures like tax exemptmmpfrivate
cars and compensation for vehicle upgrading weesl uder
alternative fuel in Moscow [15].

Biofuel promotion measures are important to inczetie

prOductio,i,mprovement of infrastructure facilities. Some camies

started trials to check the compatibility and qtyali
performance of biofuels.

During 2006-2007 the Russian
organized trials for biodiesel from rapeseed. Tedgsmance
of the locomotives was tested using 5, 10 and 2G%%ds of
biodiesel [18]. The outcomes of testing proved thiatiesel
has equal characteristics with fossil diesel andame factors
shows even better results. Russian Railways isyréadise
biodiesel as a fuel for the trains. The interedtiofuels by the
major railway company increased attention to biselie
production in the region, and the oll
Masloproduct Company decided to build a biodieaetdry to
supply Russian Railways with biodiesel [18]. Thubkge
amount of biofuel produced correlates with the dednftom
consumers. The local consumption of biofuels midptet
increased by proper promotion measures throughnihes
media and governmental support.

Railways company

manufacturer

Another incentive was made by a car manufacturing

company AutoVaz to promote biobutanol use and anceu
research on butanol engines. In September 2008aimpany
organized a long-distance autocross using a biabutalend.
Nevertheless, the large-scale car production whiohld be
suitable to use biobutanol as a fuel needs, isyettfully
completed [19]. According to the interview with tlpeess-

public acceptance of biofuels. The Novgorod regioné?emer’ further work on engine modification will batiated

government is preparing a program for subsidiziatiep use
in private housing. Locally-produced, pellet-fuelédilers
bought for local heating supply will be subsidiaga to 50%
from the regional budget [16].

E. Local educational partnership

Educational collaboration is the main way to crette
sustainable production of biofuel, to establish a@kp
cooperation and to create a basis for the excharfge
experience. The Northwest federal district and Sweedish
governmental program for Environmentally Adapteceigy
System established cooperation and research fofudbio
energy innovations which would result in the sustble
growth of biofuel production in Russia [17]. Swedsra well-

only after sufficient level of biobutanol produgtiin Russia is
reached and necessary infrastructure is developebidfuel
use such as gasoline stations network.

Hence, this lack of attention to biofuels represeat
common attitude of car manufactories and demomstritat
the complex approach for production development
necessary. Private companies are ready to useelsofut
investment in the development of new technolog®use
biofuels requires confidence that this technologiés be in
demand.

G. Tendencies on Biofuel market

The survey of regional biofuel development shovetrang
tendency for export oriented production, becaudegi$lation
barriers that prevent the local use of bioethahMxreover,
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only few regions (Novgorod and Leningrad regionsjated
local programs for biofuel use.

and ethanol production in Russia has been esteblighreuse
wastes from forestry, the paper industry and agiticel This

The examples of biofuel development in the regionis a sustainable approach, however nowadays tlsetittlé
provided above are not complete due to limited tgula demand for biofuels, while there is a supply. Gaweental
information and lack of information about small lgca incentives can change this situation and promaitibi use in

production.
bioethanol and biobutanol are
companies with a big investment -capital.
production is considered unreliable and unproféatle to
export orientation of production and the low depatent of a
local market. Moreover, the payback period is lontdpan in
large scale production.

Pellet production is the most developed in Rudségause
of the possibility for local use and export. Lopallet use is
now in the development stage and many power plstils
need upgrading but pellet producers are tryingntooduce
pellet fuel boilers in the local market.

Regarding the sources of biofuel,
possibilities for Russian producers. Russian ethpramucers
are oriented on second generation biofuel fromdagtiuloses
biofuel from wood and agricultural

The majority of the companies producinghe local market in Russia. On the other hand #raahd for
large scale prodaoctiduel is much higher than the sustainable biofudusiry can
Small ecalproduce, which means that producers, trying tosBatihe

needs of the customers, might use other resouocesmply
with the demand. A well-balanced, resource effitien
governmental strategy is required in order to rawul
sustainable production.

Land use for growing crops and forests for biofugiposes
is under big debate nowadays. The location of &ublo
manufacturing plant depends on many factors, like
accessibility, availability of labor and resourdesproduction
distance to consumer. Growth of demand for biofleds to

there are sevelacrease of demand in resources, available landbeansed

for biofuel crops that causes land use change aral r@sult
increase of total carbon emissions.

waste to produce Another problem for biofuel production is envirornmie

bioethanol and biobutanol. Wheat and corn are tlestm risks. Biofuel production based on agricultural qurots is

energy containing crops which can be grown in Russr
bioethanol production. And, finally rapeseed is timost
suitable oil crop for the Russian climate for bex#l
production.

highly dependent on natural factors, especiallyRimssia’s
changeable weather conditions. Recoupment timebibfael
plant, according to the experts, is about two ye@@],
however this time can be increased sufficiently nfro

Rather mild climate in the central part of Russiad a environmental cause such as lean year (for exarapkeseed)

possibility to use all type of locally availableohiel crops
made this region the most attractive region for fusb
production. Majority of biofuel plants are locatéd that
region. Europe is the main biofuel consumer for dRars
biofuel and close location is another factor forofbél
development in that region.

V.PROBLEMS RELATED WITH BIOFUEL PRODUCTION AND USE

or emergency weather conditions. These factors can
sufficiently decrease production performance, algio risks
are part of any production so companies shouldviere of
such risks and take appropriate measures to sajgsilpe
problems.

The fact that agricultural waste, such as wheatnsty was
earlier used a lot in Russia as a natural fertili2d]. Now
these wastes are used for biofuel production wbarhlead to

An analysis of the potential problems for biofuefMpPoverishment of lands. On the other hand, thelypeton of

consumption and use presented below reflects atnpial
difficulties in biofuel production. Sustainable hiel
production is a goal of current global agenda. frhmework
(see Fig.1) of this research reflects all aspettsustainable
development such as social-environmental, environahe
economic and  social-economic.  However
sustainability issues there are other problemstaglavith
biofuel production. Technological constraints camn factors
which limit the production and use of biofuels dadthermore
political obstacles can even prevent biofuel dgwedent in
the region.

A. Environmental-Economic

Biofuel was introduced to the general public as
alternative to traditional fuel. Fossil fuel prodioo is not
environmentally friendly and is associated withksidor the
environment. Biofuels in its turn was seen as emvirentally
friendly and a safe option to replace fossils.

Using biofuel production as a tool for waste mamaget
provides the economy with a suitable and efficiamty to
solve issues related to waste utilization and réaoycPellets

68
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fertilizers requires sufficient energy input andsaerces,
therefore proper waste management and agriculplaaining
must ensure the security of sustainable agriculand the
preservation from environmental impacts.

Bioethanol production for local use is not profigakin

besigddussia due to the federal law “About state regoitatof

production and marketing of ethyl alcohol, alcoand alcohol
containing products”. As was mentioned before, ibeninal

price of 1 | of ethanol including ethanol tax isoab0,8 Euros
(30,5 rubles), while 1liter of gasoline is about 2®les (0,6
Euros) [22]. Therefore bioethanol production isvrariented
towards the European market. Current biofuel prtdncis

mainly export oriented due to several reasons:

Local legislation constraints

o Low development of infrastructure for biofuel use

e Low public awareness.

Local bioenergy programs propose bioenergy cluster
development. With this approach it is possible noréase
energy efficiency and reduce waste formation in pient.
Nevertheless energy efficiency in the factoriea isubject of
concern, renewable energy should be used for ptindiic
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moreover up-to-date technology and innovative agpgines
can reduce energy consumption for biofuel produactim

reality, when biofuel production of the local maaciures is
not the main but one of the side products (for edanm the
regions in the Urals), it is unrealistic to upgrade equipment
frequently. In this case a closed cycle for biofpedduction
and local use can be a sustainable option to irereaergy
efficiency.

Local biofuel use can be developed through promatio
measures, governmental assistance and legislateasures.
On a company-level biofuel use as a part of the paoy's
energy strategy improves environmental as wellcas@mical
performance and efficiency.

B. Social-Environmental
Biomass is a resource accessible to everyone; theless

decrease the consumption of fuel by managing public
transportation, city planning and personal attitudewards
transportation needs.

It takes some time to restore biomass to produeeséime
amount of it. Growth of consumption will lead toogrth in
biofuel supply and as a result to biomass degradataused
by overproduction so it will be difficult to resebiomass.

Biofuel production should not compromise access to
environmental benefits so that biofuel productionl e
distant from natural reserves and use environmgritaéndly
technology.

C. Social-Economic

Biofuel was introduced to the general public in Stasonly
recently and still bioethanol and biobutanol aré pablicly
accessible due to the unprofitability of local netekand even

the amount of biomass on the planet is not infinitebiodiesel is not yet very popular. Only pellets atlically

Sophisticated management of biofuel productionesessary
to maintain the balance of biomass and ensure\®csity.

The development of bioenergy industry moves adticel
towards using monoculture crops, which
productivity. Specialization in one type of biofugiop will
lead to soil degradation; instead several typesraps can be
used to avoid soil degradation and erosion. InKhesnodar
region, as the main food producer in Russia, whieeefield
occupies a large territory, it is possible to progluapeseed in
a soil preserving way by changing the area for sepd
planting. Other regions in Russia may also face ghoblem
and should develop measures for soil preservation.

available.
The delay of biofuel supply created by the legistat
barrier can be used to establish an infrastructoirecrease

influenceil soaccessibility, because it always takes time to niakevative

products available and convenient to use. Thisofaatould
increase the attractiveness of biofuels for conssraad they
would more likely accept biofuels.

On the other hand not only biofuel producers bab aar
manufacturers and infrastructure developers aerdnted to
find out whether existing users are enough to mtie
decision to switch from conventional fuels to bl before
investing. Customers, in turn expect a varietyhaf flexible-

Biodiesel is considered to be biodegradable [2BE t fuel vehicles in the market and accessible fillstgtions for

eventual toxic effects of ethanol are also considens
minimal to the environment [24]. Butanol is moreitothan
ethanol but still biodegradable. Nevertheless, agter and
transportation of biofuel has risks and requireoppr
assessment to minimize environmental and socik.ridny
impact on the environment has harmful consequenatenly
to nature but also to people.

biofuels [25].

This fact creates a delay for biofuel introductioto the
market on a large scale, but pilot projects inagegl cities like
Irkutsk and Krasnodar could increase public awaerend
would make the process of biofuel integration istuciety
milder.

Nowadays the majority of the biofuels produced irsfta is

Land use change due to agricultural expansion lg¢ads exported. The delay in the local market developnpeatvides

biodiversity loss, fragmentation and increased mnease gas
emissions.
production is to use biofuel production as a taml Wwaste
recycling; as a result it will decrease the need rfiew
agricultural lands. The efficient use of availallgricultural
lands in Russia allows utilizing abandoned and gniptm
lands. According to the Russian Minister of Agricué
(2009), around 30 million ha of agricultural larate currently
not in use in Russia. These lands can potentialyded for
biofuel production. In this case, there is no ne&d
compromise food to fuel and agricultural productiremains
at the same level.

In order to be fossil independent, biofuel produttshould

the chance to avoid the problem of a lack of infteture and

One of the aims of sustainable bioenergye establishment of a high level of demand.

Another major problem related with biofuel is fowdrsus
fuel dilemma. Russian biofuel producers see thereatir
situation as a chance to develop the agricultetios, enlarge
the sown areas and attract investments [26]. Honvélvéhe
management of the biofuel production will not bstainable
in terms of resources, for example if biofuel proehs will
switch to food crops from what is traditional forussia
(rapeseed), then this may lead to a growth in foacks. The
company strategy should be transparent to the gepablic
so that they can influence and reflect about tlenghs.

Regional programs for bioenergy development estabd

be part of the renewable energy strategy, becaudg oby several regions promote competitiveness in theket and

biofuels cannot solve the growing demand on fuel dars,
which constantly expects growth of the fuel supflkis fuel
dependence subordinated the shapes of the citieb
transportation habits. The replacement of fossilsfuby
biofuels will not change this fact. The only sotutiis to

advance research and development in the industhychw
should lead to better quality and services.

an Social interests in biofuel production are very artpnt to
establish sustainable development, because sasiétg final
consumer of the biofuels.
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D. Political

Besides intentions for sustainable developmentptiical
strategy of the country is always a priority. Qildagas export
is one of the main concerns in the current politegenda.
Fuel and energy complex provides over 50% incom¢hef
state budget, which is why biofuels has not gotugho
attention.

The number of vehicles and fuel consumption isngsi
while oil discoveries have been declining [27]. Medile, the
technological development of biofuel has reachéibh level
nationally and internationally and Russia is resayprovide
alternatives to fossil fuel. Biofuel companies haygpeared in
the Russian market mainly due to the high demarafuels
in the international market. Nowadays about 90%r rofiuced
pellets and 100% bioethanol is being exported [28].

Why is the local Russian market not developing?ré laee
several legislation barriers that prevent biofuelarket
development. One of them already mentioned, theréddaw
“About state regulation of production and marketofgethyl
alcohol, alcohol and alcohol containing productsiakes
bioethanol production unprofitable in the local Bas
market. Another one is the lack of promotion measuihe
draft of the law “About the use of alternative notioels” has
already been developed and presented at parlian@amings
but was not been supported by the oil companig¢bpagh
Gazprom (main gas company in Russia) is interestethis
law but still does not actively lobby it, says RBXily. The
following law is designed to make 50% tax exempticom
the vehicle tax for alternative fuel cars [29]. TBevernment
does not have a complex biofuel strategy which dallow
performing complex policy and solving these issues.

Nevertheless standardization processes have beesdwgl
started and the state standard “Unconventionalntgohies.

biobutanol production requires technological enleament to
increase the yield. Both processes require beiag émergy
demanding which, in turn; will make biofuels more
economically attractive.

Regarding the use of bioethanol, there are concaiposit
increase of fuel consumption in the blends as a&100% of
ethanol fueled cars [31]. Older cars are not slétab use
even 10% blends [31]. This technological disadvgetaakes
bioethanol less attractive to the customers. Orggested
solution is to further improvement of motor engines
increase fuel consumption efficiency. This strategy
performance improvement is being constantly used
traditional petroleum engines.

Another technological problem is vaporization. Aiots
have a low boiling point and high vapor pressurgjrd) hot
summer day it may cause vapor lock [32]. And atlige, in
winters fuel must be vaporized before burning ia &mgines
but in the cold weather it may cause problems \eitigine
starting [32]. Butanol has a lower vapor pressund &as
better characteristics in engine performance.

Biodiesel use in Russia might be obstructed bybibdiesel
performance in the cold weather. Biodiesel requireheating
before pumping when the outside temperature is low.
Nevertheless use of the blend of 20% of biodiesgd 80% of
traditional diesel illuminates this disadvantageon€umers
complain about the reduction of power of the engind more
frequent maintenance of cars.

Biodiesel transportation requires special manageniipe
transportation is complicated due to the incredseiszosity
in low temperatures and has difficulties with st@an colder
climates. For the Russian climate, this featuresignificantly
decrease compatibility of biodiesel. Furthermor¢harol
cannot be transported through oil-pipeline. Thdapelmes are

Bio-waste energy. Concepts and definitions” has nbedot waterproof which means they will allow water dome

commissioned [30]. Bioethanol producers try to ke
amendment to the federal law “About state regutatif
production and marketing of ethyl alcohol, alcoapdt alcohol
containing products” and include the notion of t@chl
ethanol and exempt it from the alcohol taxation soea [28].
Until this measure is done, the bioethanol mamkdRussia has
a very low chance for development.

A unified governmental policy is required to redaldhe
biofuel market and assist in biofuel promotion. &thise the
current legislation framework will prevent the usebiofuel
on a local level.

E. Technological

Resources for biofuel production can be found atmoand

everywhere, however proper infrastructure and alkdity of
land and water resources, and proper climate apgrements
for the establishment of a successful productiartecy
Besides environmental constraints,
technological disadvantages of biofuel productisnweell as
use. The main problem now in second generationtdomel
production is the conversion of cellulose and ligm a way
so that the waste products from the chemical psoaesild be
environmentally friendly. Moreover, as was mentibtefore,

70

inside. Ethanol is susceptible to water and wililgamix with
it which will decrease the quality of ethanol andll vbe
damaging for the vehicles that will use it [32].0Biesel and
bioethanol can be transported by trucks and ratl this
increases the cost. Biobutanol in turn is less epifie to
water and less corrosive than ethanol and thusait e
transported through the existing gasoline pipelirid8].
Moreover, alcohols can be corrosive to certain mate[32]
and equipment that stores or uses alcohol as fust he
checked regularly.

Despite some technological disadvantages, bioftaatsstill
be used and produced in an efficient way and moseience
can find solutions for the improvement of biofuerfprmance
compatibility. The next section evaluates
environmental-economic performance of biofuel imeorto
reveal positive and negative sides of biofuel patidem and
use.

the

there are some

VI. ANALYSIS OF BIOFUEL POTENTIAL DEVELOPMENT IN
RussiA
The lack of institutional support, as was discussadier
creates barriers for local market development. Tdaisses
financial obstacles due to a lack of investmentseimewable
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energy. The low interest in biofuel keeps equipmerntes
high, due to low demand. The unstable economit¢aggon
prevents the development of long-term loans atrdéble
rates [9].

The development of the local biofuel market is euntly
not a priority for the government. Ethanol prodantwill be
cost efficient, as soon as bioethanol tax exemptisn
introduced to state legislation.

While political and legislation problems are siifi the
negotiation process on the state level, the devedop
process of the regional biofuel industry moves famdv This
fact seems to be controversial but local produeenst to be
ready to provide biofuel when all regulation isswafi be
solved.

Many regions are already working on bioenergy ptgje
Biodiesel production for the Russian local marlehot yet
cost efficient because European countries sucheamény,
where biodiesel production is being subsidized e t
government, are ready to buy rapeseed oil at evgheh
prices than biodiesel [28]. This is another linmaat for
biofuel production for local purposes.

Meanwhile, in the bio-clustered regions like Tatans
Irkutsk and Chuvashia, programs for biofuel promthave

affirms the production capacity to be up to 117lioml ton of
bioethanol, 95 million ton of biobutanol per yead].

However, this estimation does not provide informati
about the sustainability of production and makesaitder to
understand if this amount of biofuel will contrileuto the
well being of the environment. Chasing the prgfitpducers
sometimes does not pay attention to sustainableoappes.
Especially if the waste wood industry and agricedtoan be
the source of biofuels, it can be a sustainable twaecycle
the waste, which is very vital for Russia, becawswycling is
not developed in Russia on a large scale.

B. Evaluation criteria

The potential capacity of sustainable biofuel prtthn
has been calculated. Results are very approxintegteause
many assumptions were made during calculations caryl
two scenarios of biofuel development were takeno int
account. Nevertheless, the outcomes represent derien
and show the approximate amount of biofuel whictkesait
possible to make a comparison with total consunmptisom
waste products it is possible to produce bioethanol
biobutanol, biogas and pellets. Beside the wasteces for
biofuels, rapeseed was chosen as a source for esieldi

already started by increasing awareness and actessProduction due to the availability in current agitaral

information about the benefits and means of biofisal.
Wood pellets are already available for the localaie
and industrial use. The energy performance of Rinshieat
and electricity producers is highly inefficient dtethe use
of outdated equipment. The introduction of biofuets

scheme of the country and the possibility to grovinithe
majority of regions. Moreover rapseed will not compise
food needs of the Russian people as rapeseeduskis only
for technical purposes in Russia. Sunflower oil was
considered in this calculation due to its essemte&ahand on

Russian industry will not only improve environmenta food market. Biogas production is hard to estamzased

performance, but also increase the energy effigient
manufactures. Loss of electricity and heat in thege of
consumption and transportation in 2007 was 36,1 bhd
million of equivalent fuel, it is about 10% from t&d
production [22].

only on statistical data available for calculatamd will not
be presented in this research. Biobutanol prodadsicstill in
the development stage and data regarding yieldesredgy
balance is currently unavailable, thus biobutanchsw
eliminated from the calculation as well.

Bioenergy as one of the instruments of the federal C. Evaluation analysis and results

Program “Increase of energy consumption efficiencgh
promote the use of new technologies or upgradingxadting
equipment and improve energy efficiency on a regjiicas
well as state level.

A. Potential biofuels production capacity

Bioenergy use can solve several problems in Russieh
as increase accessibility of energy and electri@ityremote
locations and low-populated areas. It might alsadeful for
heating of the country houses and villages whicmadhave
access to central heating.

A Centralized heating and electricity system is thest
common type of heating supply, which supply largeaa
with electricity and heat. Centralized heating syst make
consumers more vulnerable; in case of emergencyets
many people will be cut off the heating supply. Bis like
pellets allows decentralizing heating supply.

Scientists have difficulties
estimation of biofuel production. Available calctiten data

Based on statistical data from the Federal stedbti
service about waste generation from the wood amakmpa
industry and agricultural activity two scenarios lbfuel
production have been proposed. According to Scerfarill
unutilized wastes from the wood industry are used for pellet
production, wastes from the paper industry and wh&aws
as waste from agricultural industry are used fdnambl
production and all rapeseed goes to biodiesel géinar In
Scenario B all selected wastes (wood waste forepell
production, wheat residues and paper waste forthaoel
production) were used for biofuel production, bkl
production remains constant, as agricultural charges not
been taken into account.

to prowde an accurate By unutilized waste considered all the waste treat not been recycles or

neutralized
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TABLE 1 VII.RECOMMENDATIONS
POTENTIAL BIOFUELS PRODUCTION CAPACITY Biofuel was introduced to the Russian market rdgeartd

has not been favored yet. Political and legislatieasons

Ei‘;?j;?'e ZTAI/EIS‘ E;r;ae?f’l’ \I,Evtr?:;m (D;l\:evshel, ;%AL' prevent rapid growth of local markets, while thejonity of
production, GWh straw, biofuels produced in Russia goes to export, mailurope
year GWh [28]. A long-term practice of fossil fuel use, cwm@nce and
Scenario A reliance of the customers to petroleum makes biofue
2005 3699,32| 2297,83[ 1861,060 108841 8946,62 promotion difficult in Russia.

2006 4027,96| 2068,05| 2134,75 1868,92 1009968 However global practice demonstrates significaranges
2007 4314,60| 2757,39| 4050,54 225917 13381170 n hiofuel promotion. Sweden, the biggest playethia biofuel
2008 3164,04| 0 268759 2692,39 3273283 market, has a goal to be vehicle fossil fuel indelemt by
Scenario B 2030 [35]. Sweden was among the few countries that
2005 12513,6| 15625,23 7827,4011088,41| 37054,64 Comp”ed with the EU goa| of rep|acing 2% of a||t|'m
2006 15357,6| 1493589 9469513 18682 4163192((jesel and gasoline) with biofuels by the end 602 [36].
2007 17064,0| 1286784 1456006 2259.17 46751,07Thjs example demonstrates that proper managemetit an
2008 136512 1585507 3716647 269289 6936508g0yernmental support can assist in developing theall

market and sustainable production.

Results of estimation presented in the tablevaballow As was mentioned earlier, a p|anning strategy must
comparing possible sustainable biofuel productiath wotal  compliment the bioenergy strategy. Biofuel inceatas an
energy consumption in Russia. Of course real blofugjternative fuel should go hand in hand with atetgg for the
production capacity is higher than the estimatedwadue 0 o ction of car use and the promotion of munictpahsport.
the fact that blofgels can be produced from otlerees of pginfiel itself cannot completely reduce greenhouges
waste, crops or biomass. However, the obtainedtsesiveady
confirm the idea that biofuels can generate aaefit amount

of energy. It is unrealistic to state that biofueds replace all Environmental advantages of all types of biofueigro

energy sources although it can have a sufficieatesin the . : L
public energy consumption. Figure 3 demonstrateat thfossn fuels are established, however as was mestidiofuel

biofuels can nearly cover energy needs of geneubliq production is not as cost efficient as fossil fpebduction. .
reminding that there are other sources for biofireduction. Europt—_:‘an countries, such as Germar_Iy and S.weQ(ar.elacU
It means that proper measures for biofuel energglopment subsidize biofuel production [28], while Russiarcantives

and promotion measures can sufficiently decreassilftuel Still lack governmental support. o
dependency and in turn decrease carbon footprint. Hence, based on the argument provided in the paper,
promote biofuel use and development of local apfibt; ona

national levelthe following measures are necessary:
— ; Apart from strategy for biotechnology development,
1;22 ) FEP—— develop a well-structured biofuel policy which feees legal

_ framework, financial mechanisms and promotional snees
1 B Envagy S Hipfiels for biofuel production.
- - | -m B -~

emissions. Only complex measures for fuel conswmpti
reduction can lead to sustainable biofuel use.

TWh

il | e  Develop additional regional biofuel strategy ancalo
400 policies based on the situation in the region.
2007 = Total energy consungption e  Develop complimentary action plans for popularizing

0~ ) ' biofuels and corresponding policies of waste mamege and

2005 2006 2007 2008 :
agricultural changes.
e e  Create standardization and certification measuves t

1200 Scenario B establish competitiveness of biofuels in the market

1000 - The biofuel strategy should define a role biofueknergy
300 ¥ ey B schemes of the country, mention resources availdbie
SRLERR biofuel production, elaborate measures for finansigport

- - a | -

Energy for public needs

TWh

ik | and stimulation of demand in biofuels. Financigbsort may
have different ways to be established: direct grainbm

® Total energy consumption federal or regional budget for the regional proihrct

o Joml development, biofuel manufacturing projects or aplgng
2005 2006 2007 2008 projects for biofuel use which are investment attve and

year contributes for the local biofuel use. The feedairiff policy,

which is common in Europe, supports renewable gnerg

generation which provides guaranteed grid accedsl@m-

term contracts favorable purchase prices [37], i useful

financial key factor for biofuel promotion. Forstiance, the

100 ¥ Energy forpublicneeds

200

Fig. 3. Biofuel share in energy balance for ScenArand B.
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industrial Yekaterinburg region, which has a depelb wood
industry and consumes about 5% of total
consumption of Russia [22], has the capacity teelip a

pellets and bioethanol industry. Upgrading distteat and
power plants will allow increasing energy efficignand

decreasing air emissions in the region.

The main legal barrier for bioethanol access toltioduel
market is the federal law “About state regulatidpmduction
and marketing of ethyl alcohol, alcohol and alcotmrhtaining
products”, which puts high taxes on bioethanols Itequired
to create a tax exemption policy for bioethanordéduce the
price on it and make it accessible for the gengualic.

A regional bioenergy strategy, mentioned previousigs
already started to function. A federal biofuel &gy should
reflect the needs and create opportunities forareseand
development of regional programs.

Complementary programs for agricultural efficienapd
land use, waste management and recycling policks
stimulate production and reduce bureaucratic batridn
agricultural biofuel policy should be aimed at efishing
lands available for biofuel production; preservigstainable
farming and put in use unutilized and empty lands.

A waste management policy is also a complex inséntm
and has difficulties for the implementation on aimoy level,
especially if recycling programs are not applied aarge
scale in Russia. However, waste management poleirsbe
put into practice on local and regional scales.hSpalicies
can increase the quantity of wastes suitable fafubl

and an option for “not-today” discussed on varitmrsims of

electricitgar owners [39]. Biofuel producers should work dre t

popularization of biofuel use. A good practice vga®wn by
the Corporation of biotechnology that organized npoton
race from Irkutsk to Tolyatti on biofuel filled car[40].
However, these measures seem to be insufficient bextid
governmental authorities and private companies lshaork
on promotion measures.

State promotion measures can include a tax exemptio
policy for biofuel use. The main economical instents used
currently for fuel taxation mechanisms are theofelhg [41]:
Vehicle tax;
Environmental
differentiation;
Excise duty on fuel,

Taxation of company cars and free motor fuel.

The proposed exemption policy is to be applied ba t
cenvironmental classification of vehicles and tax
differentiation, which is part of the vehicle taand excise
duty on fuel. Thus biofuel and biofuel cars will ppomoted
and will be profitable to buy and use.

Another financial measure can be “biofuel for hegttax
exemption” as a public-private partnership betwette
government and biofuel consumers, organizationspaivaite
people that chose to produce heat and/or power
environmentally friendly way would have subsidies a
promotion measures.

Besides financial assistance it is important toréase

. classification of vehicles and tax

in

production. The Swedish town Vesterds uses houdehaccessibility of fuels. A blending mandate, whicheady

wastes for biogas production for public transpopt®viding
educational programs for the local population asigation
for waste separation.

functioning in Europe [36], can be suitable for Basas well,
it will promote infrastructural development and imope
environmental situation in general.

Biogas from sewage and waste program may be ébfaiita The success of policy implementation is defined thy

alternative on a local level. Eskilstuna (Swedemhmune is a
good example of successful sewage management;idbgash
program was implemented there for the local wasstemw
treatment plant and uses obtained biogas as ddiutie local
busses. This program is difficult to apply withguoper waste
management; another problem is financial aspects
upgrading old sewage treatment plants. The fedqaaram
of reformation of housing and communal servicestetiain

level of commitment and willingness to make changes
Despite political and economical instability ane thpparent
fossil privileges that Russia has, there is roomafternative
sources of energy. It is time to diversify the gyebalance
and accept environmentally friendly renewable tedbmies.
fohe Minister of Energy of the Russian Federationcamced
recently that in five years Russia will start usibmpfuels.
Only a couple of years ago Russia was an outsitddhe

2003 can be another tool for regional and municipaglobal biofuel scheme, now the interest to biofueds grown

governments to introduce new waste handling teduies
[38].
community and can reduce fossil fuel consumptioradacal
level.

Nevertheless, production of biofuel is only oneesaf the

coin. Biofuels should have a demand among consumers

(general public and private companies). State ptimmo
should not be limited only to financial aid, itimportant on
the current stage of development to popularize ueist
Information about biofuels is limited and
improvement, information about the variety of regib
programs; achievements in innovative approach shdd
accessible publicly. Information about advantagebiafuels
is limited and compatibility as a fuel to enginssnot spread
among car owners. Biofuel is viewed to be a fuellie future

requireé'

significantly therefore policy measures and governtal

Biogas from sewage is beneficial for the whol support should assist further developments.
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Natalja Likova, Jan-Erik Gustafsson. Apskats par biodegielas razoSanas potenglu Krievij a

Lai gan fosif kurinama parpilnibas @| Krievija ka\€jas atjaunojamo engijas avotu tirgus, nesernehnolaiju attistiba ir palielirijusi interesi par biodegvielas
razoSanu, kamm atbilstoSas likumdoSanasikums patnina biodegvielas patnu. Tirgus interese par biodegvielas izmantoSaniekustirgjusi politikas
veido$anas un likumdo$anas pilnveides procesup#talinas biodegvielas konketspeju. S petijuma nerkis bija nowrtst, ka biodegviela ieak pasreizja
enegijas sistma valst. Sitlacijas anake ir balstta uz ilgtsgjigas afistibas teoriju. Biodegvielas raZzoSanai potelscir apekinats, balstoties uz ilgtgfigas
lauksaimnietbas un atkritumu apsaimniekoSanas principiem, maapdt @artikas razoSanu un meibt dzvotsgEjigus risimjumus attietha uz ogleka emisiju
samaziaSanu un ieguvumiem videi. Piéroti apsikli biodegvielas raZzoSanai un tehngjo pieejamba rada labus priek3noteikumus razoSanasthdti.
ligtspejiga pieeja biodegvielas raZzoSanai ga¥apietiekama daudzuma edgas raZzoSanu, lai apmiefitu sabiedibas vajadibas. Valdbas pagkumus
biodegvielas veiciiSanai papildina pasvatili un priita sektora iciba, tongr Krievijai ir nepiecieSama labi struk@ia biodegvielas politika un veicianas
mekanismi, lai pamktu biodegvielas sadiéu ar fosilo kuriamo un ieviestu So jauno degvielu firgPapildus nepiecieSami pismi biodegvielas
popularizSanai, atbilstoSas programmas atkritumu izmantodandauksaimnieitbas reformSanai, lai stim@tu biodegvielas raZzoSanas nozaress@iti un
veicinatu biodegvielas ieitkSanu Krievijas enggtikas nozag.

Hataubs JIbikoBa, SIn-Opuk I'ycradecon. OneHka npon3BoACTBEHHOI0 NOTeHIMAla GuoTonauBa B Poccun

brnaromapst 60nbIIMM 3amacaM HCKONAEMbIX HCTOYHHKOB 3HEpruu B Poccun, pa3BuTHE OHOTOIIMBHOM OTPACIIH HECKONIBKO 3ano371an0. OHaKo, pa3sBHTHE HOBBIX
TEXHOJIOTHII 110 NPOW3BOACTBY OWOTOIUIMBA MPHBICKIO MHTEPEC K TeMe MpPOM3BOACTBA OHoTOIUMMBAa. OTCYTCTBHE HEOOXOAMMOH 3aKOHOJATENBHOH 0a3bl
CYIIECTBEHHO 3aMEUIMII0 TEMIIBI €ro IPOH3BOACTBA. I[IpWHINI BHEApeHHs OHOTOIUIMBA HOCHT XapaKTep «CHU3Y-BBEPX», UTO CIHOCOOCTBOBATO IIPOLECCY
pa3BUTUS TOCYJApCTBEHHOIO PETyIHPOBAaHHSA B cdepe OHOTOIUIMBA U YBEIUYCHUIO KOHKYPEHTOCIIOCOOHOCTH OHMOTOIIMB Ha pbIHKe. llens manHOTO
UCCIICZIOBAHMS — OLICHUTh CUTYAIMIO Ha PhIHKE OMOTOILIMBA U ONMPEJEIUTh HX MECTO B SHEPreTuuecKoi cxeme Poccun. AHanu3 TeKyIero MojaoXeHus aei Obl1
BBINIOJIHEH, OCHOBBIBASICh HA TEOPUH YCTOMYMBOTO pa3BUTHA. boiee Toro, ObUI MPOU3BEAEH pacdeT MOTEHIHAILHOIO KOJIMYECTBA OHMOTOILIMBA MPH yCIOBHU
IIPUMEHEHUSI IPUHIIUIIOB YCTOHYUBOTO Pa3BUTHUS B CEBCKOM XO3SHCTBE M OOpaIIeHUH ¢ OTXOAaMH, He IOBeprasi pUCKy IIPOU3BOICTBO IPOLYKTOB MUTAHUS U
CroCcOOCTBYs YIy4IICHUIO OKDY)KAIOMIEH CPelbl 3a CYeT CHIDKCHHs BBIOPOCOB MAapHHMKOBBHIX ra3oB. Iloxxoxsdmas cpexa JUis MPoOM3BOACTBA OMOTOILIMBA M
HalW4pe HEOOXOIMMBIX TEXHOJIOTWIl co3famd ONarompHsATHBIC YCIOBHS UL HpoM3BOACTBa OmorommmBa B Poccuu. IlpemnoxeHHsli B pabore MeToxn
IIPOU3BOJCTBA OMOTOIUIMBA C TOYKH 3PEHUS YCTOMYMBOTO Pa3BUTHSA OOECIIEUMBACT KOJIHYECTBO DHEPTHU, KOTOPOE CIIOCOOHO YAOBJICTBOPUTH IOTPEOHOCTH
HACeNeHUs B SHEPrUM. VHUIMATUBBI MPaBHUTENBCTBA JONONHAIOTCA MECTHBIMH M YaCTHBIMH IPEIUIOKEHHSMHU, HO, TeM He MeHee, Poccum HeoOxomuma
LieICHANPaBIICHHAs NPOrpaMMa MO Pa3BUTHIO OMOTOIUIMBA M MEXaHW3MBI TOANEPHKKHM JUIS 00OECIeYEHUs KOHKYPEHTOCHOCOOHOCTH C TpaIUIHOHHBIMH
HCTOYHHKAMU JHEPTUM H BHEIPEHUS HOBHIX BHIOB TOIUIMBA Ha PHIHOK. HeoOXOmMMBI TakKe MOMONHUTENBHBIC MEphHl IO MHOIYJIIpU3alud OHOTOILIMBA,
COOTBETCTBYIOIIME TPOrPaMMbl MO yTHIIM3ALUH OTXOAOB M pe)OPMUPOBAHHE CEIBCKOTO XO3SiCTBA, YTO MOANEPKHT Pa3BUTHE OHOTOILIMBHOW OTpaciu M
HIOMOXKET BHEJIPEHHIO OMOTOIUINB B 3HepreTuky Poccun.
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