Die approbierte Originalversion dieser Diplom-/Masterarbeit ist an der
Hauptbibliothek der Technischen Universitat Wien aufgestellt
(http://www.ub.tuwien.ac.at). N

The approved original versioer%ﬁs @E%glg%mﬂaster thesis is available at the / CONTINUING
main library of the Vienna UtRer§ig\sfaiadrndiagergy in Central and Eastern Europe EDUCATION
(http://iwww.ub.tuwien.ac.at/englweb/). CENTER

Wood waste for Energy in Russia

A Master’s Thesis submitted for the degree of
“Master of Science”

supervised by

Dipl. Ing. Dr. Amela Ajanovic

Mag. Anna Stolbovaia

Student ID 9950662

10" April 2012, Vienna



Master Thesis
MSc Program
Renewable Energy in Central & Eastern Europe

Affidavit

I, Mag. Anna Stolbovaia, hereby declare

1. that | am the sole author of the present Master Thesis, "Wood Waste for Energy
in Russia", 74 pages, bound, and that | have not used any source or tool other

than those referenced or any other illicit aid or tool, and

2. that | have not prior to this date submitted this Master Thesis as an examination

paper in any form in Austria or abroad.

Vienna,

Date Signature



Master Thesis
MSc Program
Renewable Energy in Central & Eastern Europe

Abstract

The Russian government suggests recently introducing innovative “Technologies of
green development”. The initiative focuses on the complete utilization of waste
products. The Khanty-Mansi autonomous region (KMAR) is the main oil and gas-
mining area in the country and at the same time has forestry as a valuable part of its
economy. An estimated 50% to 60% of the total waste in Russia is caused by the
forestry sector (including losses in forest harvest and wood processing). To meet the
national “green development” target, forestry waste should be utilized, mainly for the
production of biofuel. However, due to cheap oil and gas, the use of biofuel is not
common in Russia as can be seen from the country fuel balance. Therefore, new
economic and political instruments should be found in order to push the utilization
process for the production of biofuel. KMAR region has financial resources and is

well positioned to become a pilot for this new development.
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1. Introduction

1.1. Motivation

The relationship between the climate and oil crises, corporate power, and new
technologies turns the world into a “Green Economy” (GE) (Herrmann 2012). The
energy basis for the latter expects being centered on exploiting biomass, which
refers to “the biodegradable fraction of products, wastes, and residues from
biological origin from agriculture (including vegetable and animal substances),
forestry, and related industries including fisheries and aquaculture, as well as
the biodegradable fraction of industrial and municipal waste” (Renewable energy
Directive, 2009/28/EC). This development is particularly important for Russia —
the country hosting nearly quarter of global forests. Clearly, implementation of
GE will stimulate new technologies - including synthetic biology - for
transforming biomass into high-value products. In turn, GE requires a complex
use of wood (whole cycle including forest growing, harvest and wood processing),
which is insufficiently effective in Russia at present. In fact, considerable amount of
the wood waste formed in the course of wood harvest is not fully utilized and
remains degrading in the forest causing unappreciated environmental effects such

as greenhouse gases (GHG) emissions, water pollution, etc.

The development of the Russian wood industries - by and large deep wood
processing - becomes the international concern. Russia has signed the Kyoto
protocol and is a part of the global climate change convention. Under this
circumstance the wood waste utilization in Russia should appear in the focus of
global attention. Operating with popular in Russia concepts, such as «quality
improvement of use the wood resources», «complex use of wood resourcesy,
«recycling of the wood waste», it is necessary to realize that the energy economy of

the country is an integral part of the world power market.

Russia occupies one of the leading positions in the world on the export of plants and
mineral oil, and also takes the first place in the world on interstate trade in network-

connected natural gas. As a whole, the outlook on the world power situation gives
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the basis to predict at least preservation or, most likely, the increase of the power
resources export from Russia. This is in particular true, taking into account an
intervention of the country on the power markets of the Atlantic-Pacific region.
Principal views of exported energy supplies (to all considered scenarios) - like oil
and natural gas and the Russian energy resources - are needed to meet the world

power needs.

According to the “Strategy of fuel-energy complex development” (in Russian “TEK”)
by the National Center of Strategic Development, with a view on the diversification
of the structure of fuel - energy balance, safety and stability of power supply, it is
essential to balance disproportions between the prices for various energy sources
and to bring them into account with consumer effectiveness from their use (including

ecological requirements) (Government of Russian Federation 2009).

1.2. Core question

The overall goal of the study is to review global and national trends in the
development of the fuel market, including the application of traditional and
renewable energy sources. The projection of these trends is of particular interest for
the regions in Russia (e.g. the Khanty—Mansi Autonomous region), which are rich in
fossil fuels, where the necessity to shift the fuel balance towards the involvement of
local bio resources such as wood biomass for energy is traditionally debated.
Besides resources accessibility the study revises new technologies and tools, which

make the exploitation of biofuel economically efficient and environmentally sound.

1.3. Major literature

The study stems from 72 published sources, including 34 sources in Russian.
National sources are used for various statistics: on timber harvest volume, biomass
characteristics, technology for biofuel processing and energy sectors. Selected
national Handbooks and Manuals on forest inventory and felling are exploited to
calculate wood residues and biofuel biomass. A regional analysis is supplemented

by worldwide comparisons.
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1.4. Structure
The study contains of 6 chapters including introduction and conclusion:

Introduction considers the motivation of the research, principle questions of the
study, basic sources of data used.

Chapter 2 focuses on the background observation of the renewable energy and
provides present-day role, which the latter plays globally, in the EU and Russia.
Special attention is paid to the energy system and the biomass resources in Russia.
Than the Khanty—Mansi Autonomous region is introduced.

Chapter 3 provides basic on the biomass as a source of energy.

Chapter 4 gives an economic assessment of the biomass application for energy.
Chapter 5 shows methods of wood waste utilization for energy and biofuel
production.

Chapter 6 draws conclusions of the research.

The report has seventy-four pages, sixteen figures and fourteen tables.

2. Worldwide experience in using biomass for biofuel

production

2.1. Background

Despite all the talk of GE, fossil fuels still supply the biggest share of world energy
(Fig. 1). Solid biomass includes wood fuel, plant fuels, animal dung, etc. Other
renewables include biogas, liquid biomass, geothermal, solar, wind, and wave

energy.

Following the IPCC Special Report on Renewable (IPCC 2012), biomass, as a
renewable energy source provided about 10.2% (50.3 EJ) of global total primary
energy supply (TPES) in 2008. The traditional use of wood, straws, charcoal, dung
and other manures for cooking, space heating and lighting by generally poorer
populations in developing countries accounts for about 30.7 EJ, and another 20 to

40% occurs in unaccounted informal sectors including charcoal production and
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distribution. The total primary energy supply from biomass for electricity, heat,
combined heat and power (CHP), and transport fuels were 11.3 EJ in 2008
compared to 9.6 EJ in 2005 and the share of modern bioenergy was 22%

compared to 20.6%.

7% THRT®
OFossil fuels

@ Solid biomass (wood fuels etc)
OMNuclear

OHydroelectric

B Other renewables

www.explainthatstuff.com
20%

Figure 1: Earth Trends "Energy 2005" (Source: Woodford 2011)

From the above-mentioned IPCC review, the potential deployment levels of
biomass for energy by 2050 could be in the range of 100 to 300 EJ. However, there
are large uncertainties in this potential such as market and policy conditions, and it
strongly depends on the rate of improvement in the production of food and fodder
as well as wood and pulp products. The upper bound of the technical potential of

biomass for energy may be as large as 500 EJ/year by 2050.

Reaching a substantial fraction of the technical potential will require sophisticated
land and water management, large worldwide plant productivity increases, land
optimization and other measures. Realizing this potential will be a major challenge,
but it could make a substantial contribution to the world’s primary energy supply in
2050. For comparison, the equivalent heat content of the total biomass harvested

worldwide for food, fodder and fibre is about 219 EJ/year today.

2.2. World experience on the use of biomass for biofuel

The electricity generation from incinerating biomass is increasing throughout the
world. Over the past five years, almost 800 power plants with a capacity of more
than 8,700 MW, went operational (Ecoprog 2012). As of 2010, about 16% of global

final energy consumption comes from renewables, with 10% coming from traditional
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biomass, which is mainly used for heating, and 3.4% from hydroelectricity (REN21
2011, p.18).

According to the Renewables Global Status Report, the United States continued to
lead the world for total biomass power generation in 2010. Other significant
producers included the EU, led by Germany, Sweden, and the United Kingdom, and
Brazil, China, and Japan. Less than 0.3 GW of biomass power capacity was added
in the United States during 2010, bringing the total to 10.4 GW (excluding municipal
organic waste), and it generated about 48 TWh during 2010. Most U.S. biomass
electricity is derived from wood and agricultural residues and black liquor burned as
fuel for cogeneration in the industrial sector. An increasing amount is derived from
landfill gas, which accounted for 8 TWh in 2010; as of mid-April 2011, more than
550 plants were fueled with landfill gas, totaling 1.7 GW capacity (up from 1.4 GW
in 2008).

Biomass is commonly used to produce power and/or heat, and some is transformed
into liquid biofuel for transportation. Significant increases in biomass use for power
production were seen during 2010 in a number of European countries, the United
States, and in China, India, and several other developing countries. Globally, an
estimated 62 GW of biomass power capacity was in estimated 62 GW of biomass

power capacity was in place by the end of 2010 (REN21 2011).

37%

8%

7%

24%

S O solar 1%
ZE L W Hydro 34%
W Petroleum [ Natural gas [JCoal O Geothermal 5%
@ Renewable B Nuclear M Bomass 52%

www.explainthatstuff.com
e B Wind 7%

Figure 2: Percentage of total US energy supplied by different fossil fuels and renewables in
2008 (Source: Energy Information Administration 2011)
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In the United States, the breakdown looks like the pie chart below. As can be seen
from the chart, about 84 — 85% percent of US energy comes from fossil fuels, while
the remainder comes from renewables and nuclear. Looking at the renewables
alone, in the bar chart on the right, one can see that hydroelectric and biomass
provide the biggest share, while wind and solar provide very little at all. Solar

provides just 1 percent of US renewable energy.

Brazil's biomass power capacity, nearly all cogeneration, and has also been
increasing steadily. Capacity reached 7.8 GW by the end of 2010, generating a total
28 TWh of electricity. Most generation is from CHP plants at sugar mills using
sugarcane bagasse as feedstock. During the 2010 sugar-harvesting season,
sugarcane bagasse generated 18.5 TWh of electricity, including 8.8 TWh of excess
electricity that was exported into the grid. Biomass power has also grown
significantly in several other Latin American countries, including Costa Rica,
Mexico, and Uruguay. Japan generated an estimated 10 TWh with biomass in
2010, excluding co-firing with coal. Elsewhere in Asia, China’s capacity rose about
25% in 2010 to 4 GW of capacity using a combination of sugarcane bagasse, solid
biomass, organic waste, and biogas (including from livestock wastes). In India,
biomass resources are used for power generation through three general
applications, including grid-connected biomass power plants, off-grid distributed
biomass power applications, and cogeneration via sugar mills and other industries.
India added about 0.3 GW of biomass power capacity in 2010 for a total of 3 GW at
year-end. Thailand added only 0.003 GW of solid biomass capacity in 2010, ending
the year with a total of 1.3 GW, but it nearly doubled its biogas capacity in 2009 to
0.05 GW and increased it a further 37% in 2010 to 0.07 GW. Malaysia also is
seeing significant biogas power expansion. There is increasing interest in Africa
and the Middle East as well, where several countries — including Cameroon, Kenya,
Tanzania, and Uganda — have existing biomass power capacity or plans for future

development.

The construction of biogas projects (particularly landfill gas) in South Africa, Egypt,
Tunisia, and Jordan, among others, has been driven in part by the Kyoto Protocol’s
Clean Development Mechanism. In addition to facilities that operate on 100%
biomass, many existing coal- and gas-fired power plants are undergoing conversion

to “co-firing” biomass with fossil fuels. In 2010, the United States had about 40 such
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plants and Australia had around 10. Japan had several coal plants that ere

demonstrating co-firing with biomass.

Japan generated an estimated 10 TWh with biomass in 2010, excluding co-firing
with coal. Elsewhere in Asia, China’s capacity rose about 25% in 2010 to 4 GW of
capacity using a combination of sugarcane bagasse, solid biomass, organic waste
and biogas (including from livestock waste). In India, biomass resource is used for
power generation through three general applications, including grid-connected
biomass power plants, off-grid distributed biomass power applications and
cogeneration via sugar mills and other industries. India added about 0.3 GW of
biomass power capacity in 2010 to a total of 3 GW at year-end. Thailand added only
0.003 GW of solid biomass capacity in 2010, ending the year with a total of 1.3 GW,
but it nearly doubled its biogas capacity in 2009 to 0.05 GW and increased it a
further 37% in 2010 to 0.07 GW. Malaysia also is seeing significant biogas power
expansion. There is increasing interest in Africa and the Middle East as well, where
several countries — including Cameroon, Kenya, Tanzania, and Uganda — have
existing biomass power capacity or plans for future development. Construction of
biogas projects (particularly landfill gas) in South Africa, Egypt, Tunisia, and Jordan,
among others, has been driven in part by the Kyoto Protocol’'s Clean Development

Mechanism.

In addition to facilities that operate on 100% biomass, many existing coal- and gas-
fired power plants are undergoing conversion to “co-firing” biomass with fossil fuels.
In 2010, the United States had about 40 such plants and Australia had around 10.
Japan had several coal plants that were demonstrating co-firing with biomass.
Germany and the United Kingdom also generate increasing amounts of electricity
with solid biomass through co-firing, and an estimated 100 co-firing plants operated
throughout Europe in 2010.

A new national 10-year plan from Brazil shows that the country will triple its use of
renewable energy by 2020 and that a lot of that energy will be wind energy Going
from 9 GW of wind, biomass and small hydropower in 2010, the country intends to hit
27 GW by 2020. It wants to have 16% of its electricity supply coming from renewables
in 10 years (Shahan 2011).
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At the time of the rapid decrease of the use of ethanol as fuel in Brazilthe interest in
fuel considerably grew in the USA, which is the second world leader of ethanol
production for the motor transport. In 1994 the USA manufacture was estimated at
5.3bln | (1.4 bin gallons USA) and in addition new enterprises for ethanol production
with a volume of 908 million in | (240 million gallons) were under construction. Ethanol
belongs to the «octane» fuels and as "pure" fuel is now produced in 21 States;
ethanol-petrol is a special mixture (gasohol) which accounts for 10% of the US market
share and is used in more than 100 million engines. The U.S. Department of Energy
planned/plans to produce ethanol from biohydrolizates (fermental splitting of cellulose)
wood at the cost of 0.79 dollars per gallon (0.2 dollars for 1 1) in 2005 and 0.56 dollars
per gallon (0.14 dollars for 1 1) in 2030, and also to have increased its manufacture by
the method of fermentation hydrolysis to 9 bin by 2005 to increase its | and 85 bin | by
2030.

Biodiesel belongs to the other group of liquid biofuels causing commercial interest in
the USA, Canada and EU. In accordance to the mentioned facts above four main

technical alternatives are used:
* Creation of mixes of vegetable oils with diesel fuel for heating;
* Clearing of vegetable oils for special diesel engines;
* Transetherification of vegetable oils for normal diesel engines;

* Transetherification of vegetable oils mixed with diesel fuel for normal diesel

engines.

The specially created “National Biodiesel Council” deals with the commercialization
and industrialization of biodiesel fuel in the USA. It is planned to replace 20% of the
usual diesel with biodiesel on ships, city buses and in small industry. Despite
increasing interest for biodiesel, its market is currently limited because of the high
prices and requirements for vegetation food oils. But this kind of fuel can play an

important role in rural areas of developed countries.

Biogas plays the most important roleamong the applied biotechnologies to produce
fuel and energy. The intensive introduction of the latter in developed and developing
countries caused by increase in efficiency and profitability have led to considerable

change of technologies from the power to the ecological and agrochemical (production
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of fertilizers) especially in the production of various organic waste types. Obviously, it

is a solving alternative for biogas production.

In India, as well as in China, the focus lays on family and communal biogas plants.
The capacity of their facilities was about 1850 tsd in 1993. However, these plants
initially need high investments and consequently are not always accessible to the
Indian peasants. Biogas becomes an important energy source where no other

sources of biomass are available.

Conceptual issues of the national program on the development of biogas technologies
in India include: the supply of clean energy for cooking; production of organic
fertilizers enriched with elements of chemical fertilizers; increase of the living standard
of peasants; improvement of sanitary-and-hygienic life and work conditions. The

political tendency is to support the building of high productivity biogas stations.

In conclusions it is important to notice that different countries get their energy from
different fuels. In the Middle East, there's more reliance on oil, as one could expect,

while in Asia, coal is more important.

2.3. The EU experience on the use of biomass for biofuel

The European Commission (EC), and many other public and private organizations,
believe that biomass for power and heat production can play an important role in
meeting Europe’s “2020” targets: by the year 2020, GHG emissions should be
reduced by 20 percent, renewable energy sources should represent 20 percent of
Europe’s final energy consumption and energy efficiency should increase by 20
percent. In the scenarios published by the EC for how Europe could meet its targets,
annual biomass heat and power consumption is predicted to grow by a full 850
terawatt hours (TWh) by 2020 to a total of 1,650 TWh, i.e., a doubling of today’s
level and a growth equal to the combined growth of all other renewable energy

sources (European Climate Foundation 2010).
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The EC sees multiple benefits from doubling the share of biomass energy:

* The shares of fossil fuels in the EU’s energy mix would decrease from 80%
to 75% and 8% less crude oil would have to be imported. This would also
have a beneficial effect on oil prices;

*  GHG emissions would be 209 million tons CO,-equivalent lower per year;

* 250,000 to 300,000 jobs could be created in the agriculture and forestry

sector.

There are more than 1,000 active biomass power plants in the EU at present (Ecoprog
2012). According to the European Climate Foundation the current European
biomass supply is around 1,000 TWh of primary energy annually. In an aggressive
supply mobilization scenario, this could be increased to approximately 2,000 TWh
annually by 2020 — an energy supply similar in size to the total supply of diesel to
the European market. This volume takes into account that for biodiversity and other
environmental reasons, not all the technically available biomass can be removed
from forests and fields. This growth would imply a reduction of fossil carbon dioxide
emissions of 300 to 600 million tons annually compared to today. The majorities of
the growth potential lies in making use of agricultural and forest residues and in

energy crops planted on idle or released cropland.

Present day trends suggest biomass energy is not on track to play the role
envisioned by the EC. Between 2000 and 2007, biomass energy consumption grew
by roughly 25 TWh per year. Some 10 TWh of this came from direct use — i.e.,
companies operating their own plants, or households using biomass for domestic
heating, and 15 TWh from commercial electricity and heat generation. If growth
continues at this rate, the annual consumption of biomass energy will rise with a
total of 300 TWh to around 1,100 TWh by 2020. This is a significant growth, which is
approximately equivalent, for instance, to the combined electricity consumption of
Sweden, Norway, and Finland. It will, however, still leave a major gap of some 550

TWh towards the EC’s scenarios.

As follows from the Renewables Global Status Report, the European Union’s gross
electricity production from biomass increased nearly 10.2% between 2008 and
2009, from 79.3 TWh to 87.4 TWh. Solid biomass accounted for 62.2 TWh — about

71% — and biogas accounted for the remainder. About half of Europe’s biomass
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power production came from electric-only facilities and half came from combined
heat and power (CHP) plants, but the breakdown varies by countries. Although
biogas experienced the most significant increase in the EU (up almost 18%),
generation from all biomass sources has increased rapidly in the region. For
example, EU electricity production from solid biomass tripled between 2001 and
2009, and by early 2010 some 800 solid biomass power plants (an estimated 7.1
GW) were operating in Europe. Growth of biomass for power and heat in the EU
has been driven greatly by supportive policies, which in many countries are coupled
with taxes on fossil fuels or carbon dioxide emissions, as well as EU regulations

that require reductions in land filling of organic waste.

The top three countries in Europe — Germany, Sweden, and the United Kingdom —
accounted for nearly 50% of the region’s electricity production from biomass in
2009; Germany alone accounted for about 50% of the EU’s biogas generation and
almost 30% of total EU electricity generation from biomass. Other significant
biomass power producers included Finland, Poland, Italy, and the Netherlands;
future high growth, particularly in biogas use, is expected in lItaly, France, Spain,
and the U.K., and new markets are emerging in the Czech Republic, Hungary, and
Slovakia. Although Denmark is not one of the top producers, its share of
generation from biomass has increased rapidly, from 3.1% of total electricity
generation in 2000 to 8.1% in 2009.

Germany’s total power output from biomass increased by an annual average of
more than 22% during the past decade, to an estimated 28.7 TWh with a total of 4.9
GW capacities in 2010. By the end of 2010, bioenergy accounted for 5.5% of
Germany’s total electricity consumption, making it the country’s second largest
renewable generating source after wind power. Most biomass power in Germany
comes from biogas, with capacity increasing more than 20% during 2010, and

generating enough electricity for 4.3 million households.

The available potential for the further use of bioenergy is offered by the agricultural
and forestry sectors, with a portion of Germany’s 17 million hectares of farmland
(approx. 12 million ha arable land and approx. 5 million ha grassland) and a portion of
its 11 million ha forest land. According to the results of the Federal Forestry Inventory

in 2002, wood reserves of 3.4 billion m® have accumulated because annual timber
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growth exceeded annual cuts. In 2006, between 20 and 25 million m?* of forest timber
was used for energy production in Germany. This represents somewhere in the

region of 1.0 to 1.5 percent of Germany’s primary energy demand.

Model calculations produced by the “Johann Heinrich von Thinen Institute” have
identified reserves to allow greater timber use without jeopardizing sustainable forest
management practices. Timber reserves for use in energy production (mostly
deciduous wood and forest waste wood) are estimated at between 12 and 19 million
m?3/year (between 65 and 11 PJ, or between 0.5 and 0.8 percent of primary energy
demand in 2007). The lower figure involves a projection of current forest management
rules into the future, while the higher figure assumes a specific reduction in timber
reserves and in felling age over a period of 20 years. Given the many efforts to
promote use of timber in Germany and in the rest of Europe, use of forest waste wood
for energy production will play an increasingly important role (German Bundesministry
2009).

As indicated by the Renewables Global Status Report, Germany generated about
13.8 TWh with biogas in 2010,

France has one of the highest levels of energy consumption in the EU. In 2009
France’s total consumption per capita was 4 toe, which is 20 percent above the
European average. Over the period 2000-2008 the total energy consumption
increased by 0.5 percent/year. However, in 2009 it decreased by 5 percent, to just
below its 2000 level.

France has adopted a National Energy Efficiency Action Plan 2008-2016 (NEEAP),
which sets an energy savings target of at least 9 percent between 2008 and 2016,
i.,e. 139 TWh (12 Mtoe) in buildings, transport and small industries (excluding
sectors under ETS).

The 2005 energy law aims to reduce final energy intensity by 2 percent/year by
2015 and implements energy saving obligations for energy utilities, known as the
energy savings certificate scheme. This scheme set the volume of energy savings
for energy companies over a first period from July 2006 until July 2009 at 54 TWh
(lifetime cumulative savings), split according to energy source. At the end of the first

period the volume of certificates exceeded the target and amounted to 65 TWh.
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Most of the certificates were obtained in residential buildings (above 85 percent). A
second period of white certificates was approved in December 2010 and extended
to the transport sector. The target is to reach 345 TWh (lifetime cumulated) over
2010-2013.

In the framework of the Finance Law 2005, the government reinforced the tax credit
system, which can go up to 50 percent, to support the diffusion of energy efficiency

materials.

In 2009, 4,468 GWh of electricity were produced by biomass (6% of the production

of renewable electricity in France) (Foucault 2011).

The large-scale commercial manufacture of biodiesel fuel from a rape has already
begun: in Austria it currently accounts for 3% of the common market for diesel fuel
with capacities up to 30 tsd t/year; in France these capacities make up to 20 tsd
t/year; in Italy in the next years the capacity development for themanufacture of

biodiesel is planned reaching up to 60 tsd t/year.

In recent years these technologies have been used e.g. in Denmark, that became the
first country having successfully introduced commercial biogas factories of waste
processing of animal industries and other agricultural waste for the production of

thermal and electric energy.

The total potential of biogas plants ranges from 145,000 - 62,000 min m® biogases
(45% from animal manures, 5% from night soil and 50% from straw and stalks)
(Marchaim 1992). This would be an equivalent to the total energy demand of rural
households for cooking and lighting. About 9 min digesters are actually producing only
2.5% of the potential today. Gas production ranges from 0.20 - 0.25 m*kg TS, or 0.1 -
0.15 m®/day. In rural areas, where water is scarce, or where people are used to
handling dry manure, the dry-fermentation technique is popular. Preparation of
feedstock differs slightly. The gas production is above 0.2 m%kg TS added and
0.2m%/day.

Denmark is considered the world leader in industrial biogas production. About 8% of

modern energy consumption in this country is fed by renewable energy sources. The
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share of the letter in the energy supply is expected increasing up to 35% by 2035.
Along with other renewable energy sources the government of Denmark introduces
tax privileges for biogas producers, i.e. about 20% of capital investments for the
centralized biogas and municipalities guarantee loans — up to 60% of investment

costs (Frandsen 2011).

Within the last 10 years the greatest attention in this country was given to the
construction of big centralized biogas factories. They are engaged in processing
waste from animal industries and the poultry farming creating serious environmental
problems in some areas. In 1996 18 centralized biogas factories were in operation
and capable to process 1.2 min ton of a biomass annually (75% of a waste from
animal industries and 25% of other organic waste) delivering 40 to 45 min m® biogas
which is the equivalent to 24 min m® natural gas (on the average 37.5 m® biogas on 1
ton of waste). The total annual power capacity of biogas in Denmark received from all
sources makes now 2 x 10" J; in 2006, biogas production: 117.5 x 10° m?; total

energy production: 2.59 PJ (Birkmose and Foged 2007).

It is remarkable that the biofuel application occurs in those areas where the
countries greatest consumption of energy is necessary. It is important to notice that
looking at the current average consumption per capita, Sweden holds the forth
place in the world (after Norway, Iceland and Canada), thus the share of electric

power generated by means of fossil fuels is rather low compared to other countries.

The total energy consumption generated from biomass in Sweden grew from 88 to
115 TWh between 2000 and 2009. Biomass generates 32% of all energy in
Sweden. In the city of Norrkoeping in Sweden the boiler-house works with the
capacity of 375 MW from which 250 MW are produced by wood fuel (Renewable
Energy World 2010).

The most important energy source for heat and electrical supply of big cities is solid
municipal waste. The experience of developed countries testifies to the essential
contribution of the solid municipal waste to covering the fuel and energy balance of
cities. Thus rubbish-burning boiler-houses and thermal power stations are in some
cases located in central areas of the cities, without worsening the condition of the

air environment (for example, in Vienna, the Danish city of Horsense, etc.).
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2.4. Russia’s experience on the use of biomass for biofuel

In general, the role of biomass for energy production in Russia is rather insignificant.
Biomass fuel takes less than 1% in the power generation and less than 5% in the
heat generation for more than 5 min households using firewood. In total, nearly

50min m® of wood are used for firewood in the country (Source: Rakitova O.).

In the beginning of 2009 the “Basic directions of the State policy towards raising the
effectiveness of the power energy on the basis of renewable sources of energy for the
period of 2020” have been introduced in Russia (Source: Government decree 2009).
The document provides the following levels, which are necessary to approach the
production and consumption of energy generated from renewable sources

(hydropower stations more than 25 MGW are excluded):
*in 2010 — 1.5 percent;
*in 2015 — 2.5 percent;
*in 2020 — 4.5 percent.

The “Ministry of Energy of Russia” differentiates the levels of renewable energy
sources and accounts additional indicators, such as the developed capacity, energy

production, etc.

Nearly 90% of biofuel produced in the country (some 1 min t of pellets in 2009) are

exported.

2.4.1. The energy system in Russia

Gas, as a cheap and ecologically sound product, takes the leading role in the
energy structure of Russia. Oil plays the second role, followed by coal. Hydropower
and nuclear power have minor significance. Renewable energy occupies less than

1% and is not shown in the figure.
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Figure 3: Distribution of energy resources in Russia in 2007
(Source: Ovodenko and Fomina, 2006)
The energy strategy in Russia targets the development of power generation without
the use of organic fuel. In spite of this declaration, the main volume of the remains is
generated by heat based electric power stations, which will produce about 60% of
the power until 2020, including stations located in the European part of the Russia.
The fuel structure of the stations will shift towards the reduced application of gas at
the cost of coal. It is expected that the proportion between the use of gas and oils

will be guided by the prices of both.

The application of coal will double by 2020 and is expected to reach nearly 165 min t
conditional fuel (289 min t). The increase of gas consumption in the stations will be
insignificant, increasing from 180 min t conditional fuel in 2001 (159 bin m°) to
185min t conditional fuel (165 bln m3) in 2020 (Ovodenko and Fomina 2006).

According to the development strategy of the fuel - energy complex of Russia until

2015 (starting with rapid rise of the price of organic fuel), solid fuel should increase
in price by 2.6 times, natural gas by 7.4 times, leading to an approach of the
Russian prices for fuel to European and world prices. On this basis, the Russian
open society "United Power Systems" (in Russian: PAO “ESC Poccuun”) assumes
the considerable reorganization of the fuel balance through various measures:
additional loading of CHP (combined heat and power plant) by burning coal;
modernization of gas-coal CHP by burning coal; modernization of gas-black oil CHP
on highly effective schemes, such as CCGTP (combined cycle gas turbine plant)

and GTP (gas turbine plant); additional input of capacities on coal CHP etc.
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Based on the facts mentioned above, it is possible to draw the conclusion that the
period of cheap natural gas comes to an end in Russia. It is time for power planners
to switch again to the burning of solid fuel - as it is cheaper - and to build a long-term
policy accordingly. It is also necessary to consider the threat of natural gas reduction
allocated by Gazprom for power stations and boiler-houses for the coming years.
The importance of gas for receiving hard currency for the country will rise in the
future and the share of gas for internal consumption will decrease accordingly. It will
require the development of a series of measures on the most rational use of gas,
taking into account its high consumer properties (such as fuel), conceding only to
the electric power. It is also important to notice that natural gas is a valuable raw
material from which numerous products for various branches of a national economy
can be made. Therefore, the direct burning of gas in boiler installations will be

limited.

The restriction of the direct burning of natural gas in fire chambers, coppers of
boiler-houses and steam-power plants should be compensated by the expansion of
the use of local fuels (e.g. milling peat, brown coal, combustible slates) and also
non-conventional renewable energy like biofuel (in particular, wood waste). The
expansion of local fuels consumption including biofuel will allow the enhancement of
power safety in the country. In addition the processing of local fuel will promote the
increase of employment and support the expansion of gas import potentials. These
practices are already intensively conducted in a number of Russian regions, having

large stocks of local kinds of fuel.

Below figure shows that the principle balance of the fuels remains stable. Some
increase of the nuclear and hydropower energies is foreseen by 2020. The use of

biomass for the fuel production is not projected to increase.
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Figure 4: Dynamic of fuel-energy balance in Russia for 1990-2020
(Source: Ovodenko and Fomina, 2006)

The proportion of coal — gas - black oil at the country’s domestic market and by
recalculation of conditional fuel (one ton of conditional fuel = 7,000 Kcal) 2006 was
1- 1.2 — 1.5 in 2000, and in 2006 changed to 1 - 1.6 — 1.7. This observation
illustrates the considerable enhanced application of gas and black oil in the energy
balance, which is continued these days. Therefore, there will be a further increase of
prices for energy, fuel, and petroleum products. Following this forecast, a further
increase of industrial expenses and expenses for services, especially in the

transport sector, is expected (Grigoryev and Strakhov 2011).

2.4.2.Biomass resources sector of Russia (focus on potentials and biofuel

production)

In Russia, the total timber stock is estimated about 82 bin m® which is more than a
quarter of the global amount. The potential allowable timber harvest is nearly 550 -600
millionm3. Today the total harvested timber is less than 1/3 of the allowable cut and

comprises some 190 millionm?® (Pisarenko and Strakhov 2004).

Currently the timber production statistics lack data on forest residues in Russia. By the
expert’s estimates, the potential amount of wood biomass, which can be utilized for
energy annually, is about 800 million tons in the country (Bioenergy 2006). However,
this amount is based on the allowable cut data and is unrealistic. There are some
models to estimate wood residues. For example, one of the empirical formulas cited

below:
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M=VxPxK

M is the amount of wood residues;
V is volume of the harvested timber in m>;

P is the share of the unused woody removals (brunches, leaves, efc.) in the
standing wood volume, t/m>;

K is the specific index residues output in the course of felling.

The input parameters come from timber harvest statistics, national multiplying tables
for round timber materials account (Tokarev 1974), the forest taxation reference book
(Groshev 1973), and the handbook of specific indices for waste generation caused by
production and consumption (SRCCPRSW 2003).

However, this formula can hardly be applied to the huge forest area of the country
exclusively, which covers about 800 million of hectares. Therefore for the first
approximation, the countrywide average values for forest residues can be applied.
As reported by Pisarenko and Strakhov (2011) the residues output varies within 10 -
30% of the harvested timber volume. These thresholds depend on the forest
characteristics such as wood species, bonitets, etc. Applying these values to the
above-mentioned volume of the harvested timber, we can calculate the volume of
the potential forest residues in Russia, which is about 20-60 million m>. To come up
to the actual amount of forest residues, the potential amount should be reduced by
30% to reduce negative impact on soil fertility (Forestry code of Russian Federation
2006).

Thus, the actual forest residues in Russia, which can be used as a biomass for

energy, are estimated at the volume of 15 - 40 million m®.

In general wood mills produce some 60% of the plates from round wood. The rest
goes to sawdust (12%), terminal cutting (6%) and slab (22%) (Pisarenko and
Strakhov 2011).

According to U.S. and Canadian experts, wood processing does produce about 60% of

the residues. In the course of the wood processing, the best fraction of timber goes to
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the residues. The latter includes about 34%: bark (11%), cutter shavings (10%), and
sawdust (13%). About 26 % are presented by long size residues (e.g. slab, terminal
cutting, etc.), which can be utilized for pulp, paper or wood slabs production (Pisarenko
and Strakhov 2004).

The amount of wood residues depends on the timber quality, sort and size of the
output products, the power and technical capabilities of the factory, etc. and comprises

nearly 45 — 63 % of raw wood materials (saw-timber).

Table1: Forest harvest and residues production in Russia
(Source: Ministry of Industry and Agriculture 2008 (own calculation))

Production 1990 1998 2000 2005 2007

1. Harvested timber, min m3| 303,8 130,2 167,9 185,0 207,0

2. Potential forest residues,

N 30-90 13-39 17-51 19-57 21-63
min m

3. Available forest residues,
min m3

20-63 10-30 12-34 13-39 14-42

Due to insufficient application of chemical and machine-chemical technologies in wood
processing, some 60.3 % of the wood is processed mechanically in Russia. In
comparison, the share of deep wood processing, such as chemical and machine-
chemical technologies, varies around 65 — 70 % in other developed countries. The
production of wood waste in Russian wood processing factories is about 40 %, which

are non-used at present (Pisarenko and Strakhov 2004).

The potential forest residues caused by timber harvest in KMAR, which can be used
for the biofuel processing in the period from 2000 to 2009, are shown in table 2. As
shown by the table, the volume of harvested timber has decreasing in the region
since 2002. This tendency is caused by the implementation of new government
regulations, which limit access to the forest resources in the country. Further, the
harvest reduction in 2008 - 2009 was initiated by the global economic crises
(Kislukhin 2010).

The data on harvested timber was taken from regional statistics. Data on the

potential forest residues production was computed based on the above-mentioned
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assumptions, e.g. the deviation of the residues output is within 10 — 30 % of the

harvested timber volume.

Table 2: Forest residues production in KMAR during 2000- 2009 (Source: Kislukhin 2010)

Year
Production

2000 2001 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009
1. Harvested
timber, tsd m? 1837* | 1920* | 2064 | 2043 | 1901 | 1794 | 1847 | 1989 | 1940 | 1555
2. Potential 180- 190- 220- | 210- | 200- 180- | 160- 170- 160- 140-
forest residues, 540 600 660 630 600 540 480 510 480 420
tsd m?
3. Available 120- 120- 150- | 150- 150- 120- | 110- 120- 110- 100-
forest residues, 360 400 440 410 400 360 360 340 320 300
tsd m?

* Data stand for transported timber due to lack of data on harvested timber for these years.

Based on the forest reproduction reasons, which exploit the maintenance of the
forest soil fertility, and applying an ecologically sound optimal level of the utilization
of the forest residues in KMAR for the biofuel, the index 0.7 should be introduced.
Applying the index, the available forest residues can be calculated. Due to the
approximate approach based on 10 — 30 % deviation of the result, the computation
of the available forest residues is rough. Despite of this fact, the observation of the
result allows for the conclusion that KMAR has considerable forest residues

available for biofuel production.

2.5. Khanty—Mansi Autonomous Region

Also known as Yugra, it is one of the federal subjects of Russia (an autonomous
region of Tyumen Oblast). The total amount of the federal subjects is 83, including
two cities — Moscow and St. Petersburg. The Khanty—Mansi Autonomous Region
(further referred to as KMAR) spreads over an area of 523,100 km?, which in size is
close to the area of France (643,801 km?) - the largest country of the European

Union (Source: National Investment Agency).
The major part of Russian oil comes from KMAR, giving the region great economic

importance. The exploitation of natural gas in KMAR has attracted immigrants from

all over the former Soviet Union. The 2010 Census counted twenty-five ethnic

21




Master Thesis
MSc Program
Renewable Energy in Central & Eastern Europe

groups of more than two thousand persons each. The total population of KMAR is
about 80,000 people.

This region is rich on different soils, such as podzolic, gley, peat and alluvial. More
than one-third of the region is covered by boreal forests (taiga), which contain timber
reserves of 2.5 billion m®. Coniferous trees, including pine, spruce, and cedar, make
up 85 % of the taiga. In the far north the taiga gives way to forest-tundra with sparse

forests of spruce and larch.

Figure 5: Khanty-Mansi autonomous region (Source: Wikipedia 2012)

3. Basic on biomass as potential source of biofuel

Biomass including wood materials and logging residuesproduced by the wood
processing industry, agricultural organic by-products including straw, food and fiber
crops, plant oils, algae, grasses, waste from animals and food processing
industries, is considered as one of the most "noble" kinds of fuel and is alsoviewed

as a potential source for energy in the near future for many countries.

The advantages of biomass use for energy are not settled by the business factors

exclusively.
Biofuel allows:

* to lower the intensity of the fuel balance of the country by reduction of power

deficiency;
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* to keep not renewable resources by their replacement with the renewable
ones;

* to raise the export potential of the country through the economy of the
energy sources focused on export (gas, oil refining products);

* to stimulate an increase of wood harvest along the occurrence of demand for
low quality and fuel wood;

* to create jobs (wood production and fuel manufactory);

* to fill up regional and local budgets;

* to improve the country-wide greenhouse gases (GHG) balance.

Any application of biomass saves natural resources. Biomass heating systems,
unlike other renewable energy sources, do emit carbon dioxide (CO,). However, it
is CO, taken from the atmosphere by trees for photosynthesis that is released
during burning. This closed CO; cycle means that biomass heating is considered a

renewable energy source.

Wood is never removed faster than it is added by new growth, therefore the CO,
released when the wood fuel is burned never exceeds the CO, absorbed by new
tree growth through operations including harvesting, transport, processing and the
construction and commissioning of the boiler. Wood fuel emits 25 grams of CO, per
kilowatt-hour (g/kWh); wind energy emits 8 g/kWh; gas 194 g/kWh; oil 265 g/kWh
and coal 291 g/kWh (Wood Fuel South West Advice Service 2008, p.3).

As indicated above, biomass does not omit excess carbon dioxide (CO;) unlike
fossil fuels. Using biomass instead of fossil fuels prevents further addition of CO, in
the atmosphere. Therefore the application of biomass is the most fundamental way
of solving the problem of CO,-emissions at fuel combustion plants. The ecological
improvement by using biomass energy deals with the reduction of residuals burning
on agricultural fields. Besides, the burning process of fossil fuels results in the
emission of harmful substances (SO,, NOy, ashes) at power plants. In addition, the
economic advantages of using biomass, in general, are a reduction of the price of

the produced energy and lower dependency on external fuel deliveries.

Biomass qualities are dramatically differing fromthat of traditional fossil fuel (for

example coal). The average characteristics of biomass in comparison to the data of
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coal and peat are resulted in Table 3. In contrast to coal, biomass has the following

features:

* More considerable fluctuations of basic characteristics, which are possible
within one batch of biomass. Some characteristics of biomass from different
origin can differ so dramatically, that the application of special devices and
modes for their use is required;

* Extremely high moisture content, which amounts to 40 — 55% for raw wood and
can reach up to 60%for freshly felled willow tree. The moisture of waste from
agricultural crops (straw, pod) makes up to 5 — 15 %. However, the latter can
be considerably higher in case of open-air storage. By using damp biomass,
the drying step schemes and warehouse-dryers with less of heat (for example,
circulation circuits of the air-cooling tower) are applied, which are not common
for coal;

¢ Low ash content, which for wood biomass is 0.5 — 7.2%, biomass of an annual
cycle (Alterra energy 2010), to which first of all belongs plant growing waste, A°
=2 — 7.5 %. Biomass with low ash content possesses increased polluting and
slogging characteristics and biomass of an annual cycle, in addition high
decomposition rate. It is caused by the large content of the basic chemical
components in their mineral part, especially potassium and chlorine. In
recalculation of the ashes weight, average content K;O in straw and in
vegetation waste makes 16.7 — 25 % (in separate batches 8 — 49 %), CI*" =
0.3 -0.10 % and in certain cases can reach 32 %. Thus, by burning the coal in
a fire chamber about 1 % of inorganic substance does evaporate, on the other
hand, this share can reach 30 — 75 % for straw at a burning temperature of 8 =
1,200 °C;

* Higher output of volatiles: value V**' of biomass equals 80 - 82%. This causes
anextremely high fire - explosive hazard and a good inflammability in the fire
chamber in aggregate with low ash content. On Explosion Hazard Evaluation
classificaton EHE', fuel has very high explosion hazards, at criteria of
explosibility KT> 1.5. For explosive birch coal this equals 3.4 and for biomass —

approximately 8.0;

' Present-day rank of a wide range of combustible materials. For details read:
http://apps.aiche.org
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* Worsen loose and dry characteristics, low density, high fibration and sometimes
heterogeneity in size. In aggregate it leads to problems in transportation and
grinding that doesn't allow the use of existing dust preparative equipment;

* Low maintenance of sulfur, which provides an essential ecological gain.
There are facts, which interfere with the wide introduction of biomass:

* Inaccessibility of a certain share of vegetation resources for profitable use;
distribution of the latter in rather small batch quantities, difficulties of
gathering (concentration) and transportation;

* Seasonal prevalence of the biomass market, especially the annual cycle;
impossibility of long storage;

* Developed stereotype and absence of legislative and economic stimulus of

its application in Russia.
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Table 3: Characteristics of fuel and biomass (Source: Altenenergetics 2011)

Coal Biomass
Indicator Iéucz ?gﬁls(y CherBasbinsk Bere;;vsky Peat | Wood ¥vv:sotg Straw :Lasr:;
Moisture W', % 9,5 15,5 33 50 | 35 | 253 1277 11.26
Ash-content A%, % | 18,75 43 7 125 | 1,15 | 472 | 586 | 4,66
\\jﬁ’,'?,/t:'e content 16,86 25,65 4464 | 6125|8003 | 76,79 | 77.48 | 78.71
g?r‘(;:)’” residue 64,39 31,35 4836 | 2625|1882 185 | 1667 16,63
&?thi/'f content 20,75 45 48 70 | 80,96 | 80,59 | 82,3 | 82.56
fj}:fg”ﬁc value Q' | 55 450 12600 15650 | 8120 | 11600 | 13350 | 15200 | 15580
Ultimate
composition, %:
clf 86,75 71 71 56,5 | 50,96 | 53,36 | 48,21 | 50,11
Heef 4,45 5,1 49 6 6,08 | 6,27 | 6,04 | 5.95
s 0,55 1,7 03 03 | 003 | 005 | 012 | 0,12
Neef 2,2 2,0 0,7 25 | 033 | 048 | 067 | 1,21
o% 6,7 20,2 23,1 34,7 | 42,6 | 39,85 | 44,82 | 42,55
%d;;f')‘igher — — — 0,04 | 0,04 | 005 | 032 | 0,17
Ash content, %:
Sio, 55,86 56,31 30 3582 | 6,06 | 453 |58,36| 59,6
A1203 27,8 25,02 11 8,7 | 1,76 | 1015 | 2,56 | 2,18
TiO, 0,9 0,9 — 041 | — — | 005 | 0111
Fez0s 7,79 8<58 9 16,38 | 1,38 | 454 | 08 | 153
CaO 3,72 2,93 42 32,45 | 54,34 | 24,3 | 9,61 | 15,0
MgO 1,21 2,72 6 3,58 [ 10,05 | 385 | 2,63 | 4,33
K20 1,71 2<42 1,2 1,23 | 2452 | 911 | 250 | 16,67
Na,O 1,06 1,11 0,8 1,43 | 1,75 | 2,22 | 1,04 | 0,69
I(Ylw?g%eﬂoo%) 0,1 03 — 036 | 1,58 | 219 | — —
féggoghigher 0,45 0,5 — 235 | 10,78 | 3,12 | 2,98 | 9,59
?&%‘igher — — — — | 519 | — | 427 | 221
ClI (higher 100%) — — — — o035 | — | 439 359
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3.1. Conversion of biomass into biofuel

There are two principle technologies of fuel production (solid, liquid or gaseous)
from various kinds of biomass:
* Thermochemical technologies include: direct burning; pyrolysis; gasification;
liquification; fast pyrolysis; synthesis.
* Biotechnological technologies cover: biogas technologies; ethanol
manufacture; biodiesel production, fat acids, vegetation hydrocarbons;

thermal energy production.

Direct burning is the most ancient and least effective process. The efficiency of
thermal energy is - 15 - 18%. However, there are some kinds of biomass, which are
more efficient to be burned. Examples are:
* Some kinds of wood and wood waste;
» Straw of cereal crops, sunflower and corn stalks from which you can prepare
fuel granules;
* Solid waste of agricultural production;
* Municipal solid waste (refers to solid waste from houses, streets and public
places, shops, offices, and hospitals);
* Production waste of sugar from sugar cane — bagasse, which by direct
burning is used for steam manufacture and manufactory of electricity, pulp,

paper, cardboard and forage for animals.

Pyrolysis is a thermochemical decomposition of organic material at elevated
temperatures (450 - 550°C) without air access. The pyrolysis of 1 ton of dry wood
allows the production of 140 -180 kg of charcoal, which is free of sulfurs and
phosphorus and is best for steel production, 280 - 400 kg of liquid products e.g.
methanol, acetic acid, acetone, phenols; 80 kg of combustible gases — methane,

carbon monoxide, hydrogen.
Gasification is a process that converts biomass into carbon monoxide, hydrogen,

carbon dioxide and methane. This is achieved by reacting the material at high

temperatures (>700°C), without combustion, with a controlled amount of
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oxygen and/or steam. Gasification is the more progressive and economic way of
biomass use for thermal energy, compared to pyrolysis. Synthesis gas has high-

energy efficiency of thermal conversion; it can be used for methanol production.

Liquification is a process of liquid fuel production from biomass by thermal
conversion: thermal pyrolysis or gasification in the presence of catalysts. Reactions
occur in the way that the basic product is obtained as liquid fuel, and, thus, it is

possible to produce coal and gas.

Fast pyrolysis is a process during which biomass is shortly affected by extremely
high temperatures (700 - 1400°C), which results in a fast decomposition of the
initial wood and the formation of new compounds: ethanol, propylene and
hydrocarbons close to gasoline. The gas, which is released through fast pyrolysis,
contains hydrogen, methane, ethylene and propylene. The use of fast pyrolysis of
biomass is more favorable than coal pyrolysis, as biomass contains less ash, and it
is possible to affect it by lower temperatures. Fast pyrolysis is believed belonging to

the future.

Synthesis is a catalytic synthesis of methanol from the gases, which are formed
through the thermal conversion of biomass. Changing temperature and pressure
and applying of unique catalysts except methanol may result in a variety of other
compounds. Intermediate compounds are formed from lignin. From one ton of wood
410 - 540 | of methanol can be synthesized. If the synthesis is produced in the
presence of hydrogen, which is obtained through electrolysis waters, the methanol

output increases to 1400 I.

Biogas is a mixture of methane and carbonic gas and is a product of methane
fermentation of organic substances coming from vegetation and animals. The
process is carried out with the help of specific natural biocenosis anaerobic
bacteria, originated from various physiological groups. Methane fermentation
proceeds at temperatures from 10 to 55°C and strictly follows the ranges: 10 - 25°C
— psychrophilic; 25 - 40°C — hemophilic; 52 - 55°C — thermophile; moisture

content varies from 8 to 99% with the optimum of 92 - 93%.
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The methane content in biogas deviates depending on the chemical composition of
the raw materials and can be from 50 to 90%. Depending on the nature of the initial
raw material the biogas output also changes: from 200 to 600 | from 1 ton of dry

matter substance.

A set of technologies of biogas production including different temperature regimes,
moisture content, concentration of bacterial mass, duration of bio reactions are

available at present.

Ethanol, like other low quality spirits (e.g. aldehydes and ketones) is the product of
spirit fermentation from various sugar and starch containing substrates. However, the
most widespread kinds of raw materials for ethanol manufacture is the waste of the
sugar production: bagasse or molasses (a sugar beet), and also corn starch, copro,
potato, wheat and fig. Recently, ethanol was produced through fermentation of

hydrolytic cellulose in Russia.

The most considerable worldwide interest in liquid biofuel for transport purpose,
especially to ethanol, has appeared during the period from 1970 to 1990.This is
explained due to high prices for oil. However, nowadays this tendency remains owing

to environmental problems in developing countries.

In some countries ethanol in the pure state or in a mixture with gasoline (gasohol) was

widely applied in the 70-ies for the usage in engines with internal combustion.

Biodiesel fuel has the same characteristics, as usual diesel oils, which can be used
by diesel engines. Biodiesel fuel is produced from any oil containing plants e.g.
rapeseeds, soya, cactuses etc. The biodiesel production is based on the widely
known technologies of manufacture of vegetable oils with their further methylation and

vegetation hydrocarbons.

The interest in vegetation hydrocarbons was increased in the 80-ies. Generally,
effective producers of hydrocarbons and oils are representatives of the tropical and
subtropical flora. There are some plants in moderate climates which seeds contain

significant amounts of oil such as sunflower, hemp, flax, rape, etc.
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Thermal energy production by active composting (microbe oxidation):

The use of this method for recycling solid biomass and, first of all, solid organic waste,
can also bring an essential contribution to the energy generation, in particular, in
thermal energy production. The method is based on the process of bacterial oxidation
of solid organic substances with the formation of thermal energy, which raises the
temperature of transit air to 80 - 90°C. Through the compression process, the
temperature of elevated gases can be increased up to 110°C. In some countries, for
example in Japan, pilot-plant equipment is developed for energy efficiency reaching
95%.

4. Economics of the renewable energy production

Securing the economic competitiveness for non-conventional renewable energy sources
(NRES) versus traditional energy sources and increasing demand for this energy source

depends on the volume of the involved investments.

Table 4: Market price dynamics for fuel in the main energy zones — Rub/toe (excl. VAT)
(Source: Ovodenko and Fomina 2006)

000 00 00 00 00 00 006 00 008 009 010 |

Siberia
264 427 601 768 633 1010 | 1170- 1190 | 1440 - 1600 | 1495- 1680 | 1550 - 1785 | 1590 - 1865 | 1890 - 2365
0 1321 1659 1707 2089 2135 2130 | 2275-2330 | 2390 - 2485 | 2475-2610 | 2550 - 2740 | 2635 - 2869 | 3200 - 3510
254 402 403 514 590 580 640 - 680 720-770 790 - 855 855-940 | 905-1025 | 1050 - 1325
Far East
305 389 499 582 651 850 970-1000 |1085-1155 | 1200- 1355 | 1305 - 1500 | 1400 - 1650 | 1800 - 2200
0 1791 2159 2445 3031 2945 303 3155 - 3220 | 3280 - 3400 | 3315-3520 | 3375 - 3640 | 3430 - 3750 | 3680 - 4100
532 748 906 1060 1090 905 935-990 | 1000-1070| 1050-1145 | 1080 - 1215 | 1110 - 1280 | 1240 - 1490

The Russian energy market in general, as well as the market of renewed resources, has a
number of characteristics. One of the basic characteristics is the huge dimension of the
country and the big geographical variety of the territory. This dimension of the country
makes the expenses on fuel transportation very essential, while a geographical variety
defines the distribution of manpower resources, distribution of the industry and
requirement in energy resources. Thus, it is obvious that the energy consumption in the
regions of the boreal belt really differs from that of the regions of a subtropical climate.
Another important characteristic is the geographical distribution of fossil fuel. In Russia,
the most part of fossil fuel is located in Siberia and in the north. All together, it creates an

extremely difficult picture of price allocation for fuel. Basically, the internal prices vary to a
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great extent. The table above shows the variety of prices in Siberia and the Far East.
Consequently, it makes sense to consider the price dynamics for only one region, but not
for the whole country. Therefore, in this paper we cover prices of only certain regions, but

not the price dynamics of the whole country.

In order to successfully overcome the financial and economic issues of spreading the
usage of non-conventional renewable energy sources, the application of the following
measures is necessary: research, development, technological improvements and the
introduction of the state regulations, reducing the cost differences between heat - and

electric power, produced by installations on NRES and traditional fuel.

Looking at the global experience on the application of NRES it can be noticed that in the
developed countries with well-established markets and economy, the legislative
regulations are basically connected with the following requirements:

* Development of economic conditions which provide higher involvement of NRES
in the power balance in order to replace fossil fuel;

* Decrease of the dependency on imported power resources and to increase the
level of power independence;

* Increase of NRES export potential; developing the necessary equipment for the
installation of NRES which demand increases yearly thanks to the developing
countries which do not have traditional energy sources;

* Decrease of the environmental pollution through usage of renewable fuel;

* Creation of new working laceswith a wide spectrum of low qualified to highly

intellectual jobs.

The project «Power strategy of Russia» considers actions and options for the
overcoming the barriers in the development of NRES. Among these are: introduction of
the latter on the market of electric energy at comprehensible prices, modification of the
construction standards for buildings and constructions, creation of a corresponding

machine-building base, service organization, etc.
The following measures are recommended:

* to inform consumers about the quality of the goods and the organization's

services by using these energy sources;
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working out standards on international level,
a wide spread of the best practices;
organization of regional services and distribution of the published information;

working out special privileges.

Some aspects demand legislative regulations, for example:

establishment of the financial resources to support installation of NRES;

creation of state funds NRES;

developing so called tax "vacations" (tax exemptions);

to have in remote areas with seasonal delivery of the fuel a right to use a certain
part of the budget (budget for fuel delivery) for the construction of NRES
installations;

the right of free usage of NRES installations in systems with centralized power
supply;

financial stimulation of consumers for equipment purchase;

a legal regulation of licensing on the energy production with use of NRES for

commercial purpose.

Experts recommend the following measures of the State regulation towards the

stimulation of the private sector to invest in NRES:

introduction of new and the reasonable increase of already existing
ecological taxes;

introduction of special consumer taxes for electric power, spent for covering
the difference between the cost of the energy made by the NRES and by
fossil fuel;

establishment of tax privileges within the sums invested in NRES;

granting of soft loans for the realization of projects in NRES;

presenting of the obligations on the large power supply companies to
produce a part (at least a small one) of the electric power with use of NRES;
including the costs of the production of electric power through organic fuel,
the cost of the ecological damage through the production - transportation -

fuel burning process in the structure.

The analysis of global experience shows that besides establishing of numerous
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taxes, which unreasoned application can lead to budgetary losses (soft loans, tax
privileges), a certain positive effect gives introduction of the obliging measures: the

power supplying companies produce a part of the NRES.

Thus, in Great Britain (Northern Ireland), according to a government decision,
electric power companies are obliged to produce a part of the electric power from
NRES. However, due to difference of the environment in various regionsthe
development, for example, of wind or solar power stations is not always possible
and this can affect the company’s competitiveness in the open market for electric

power.

A more efficient measure is granting legislatively fixed State guarantees of sale
made on NRES energy in an electric network. The use of this measure by the

government allows reaching simultaneously two important targets:

* Sales guarantees of the non-competitive production (the energy produced
from NRES) essentially broaden the group of potential investors. It can be
explained by the attraction of the companies which, on the one hand, wish to
be engaged in the business such as production or sales of heat and the
electric power but, on the other hand, have no sufficient investment
resources for building of the big capacity plants and creation of a
corresponding infrastructure;

* Influencing the attraction of the investors in the sector of NRES and
expanding the area of their use. The State promotes growth of
competitiveness. The economic competitiveness of NRES in comparison with
traditional energy production depends on the technology level; experienced
and approved technologies and equipment decrease the expenses of the

production.

There is a simple basic principle, which is already accepted in countries such as
Great Britain, Greece, Norway, Netherlands and Italy. In a region having favorable
environment for the development of NRES (there is also a power deficiency against
low self-sufficiency primary power resources and high power tariffs), the

administration tendersthe projects onbuilding the plants of certain capacity.
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We are able to admit that the production cost of electric power from the tender
winning company is several times higher, than the cost from already operating
power stations which are still working on traditional fuel. Thus according to the newly
accepted obligation, the regional power supply system (the overhaul capacity,
generally, not less than 2 times above the capacity of the introduced plant) should
receive during the stipulated period (10 - 15 years) all volume of the electric power
produced on the new installations at the inflated price which is guaranteed by the
State (which also allows their owners to compensate the costs suffered at their
building) and that, naturally, leads to financial losses. In order to compensate the
last power supply system it is generally allowed to increase the tariffs for the energy

delivered to the customers.

Due to the legislation of the countries listed above such possibility is given to the
power supply systems. The experience testifies that such increase, of course under
permission and control of governmental regulations, almost imperceptibly increases
the financial burden of energy payment by the customers. It can be explained by
the fact that the capacity of the introduced NRES installations is much lower than
the generated capacity from the already existing power supply system. This system
has the possibility to cover all additional expenses caused through the production of
electric power from NRES to the total volume of the electric power sold to the

consumers.

Similar practice has proved it lifetime since the power companies have carried out
programs on the management of the consumer energy demand. Thus the
considerable assets were spent on actions for power saving and later compensated

by the insignificant increase of the power tariffs.

4.1. Economic data of biofuel production in Russia

President Dmitry Medvedev announced in May 2010 that the government would
strongly consider purchasing electricity generated from renewable energy sources
in an attempt to encourage the development of renewable energy. The government
has plans for 4.5 percent of Russia’s energy output to come from non-hydroelectric

renewable energy sources.
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At the moment, the development is slowed down by low investment, low public
demand and low tariffs on heat and electricity. Subsidies for natural gas are another

obstacle for the development of renewable energy.

Biomass is already used in some parts of Russia to provide a total of 1 percent, or 9
TWh/year, of Russia’s total energy. However, due to Russia’s vast forest and peat
reserves, it has a total biomass technical potential of 431 TWh/year, of which 285

TWhlyear is economically feasible.

In 1929 over 40 percent of the Soviet Union’s electric energy came from peat. The
use of peat as power plant fuel in Russia peaked in 1965 (28 million tons), and since

then went down to 1 percent in 1980.

Nowadays, Russia still has two of the largest peat power stations in the world. One
is the Shatura Power Station in the Moscow region; the other one is the Kirov Power
Station in Kirov Region, located in the northeast part of Russia. An old electric

energy producing technology is still in use in both plants.

Currently, Russia is responsible for 17 percent of the world’s peat production, and
20 percent of the peat that it produces, 1.5 million tons, is used for energy purposes

(Russian Geographical Society 2010).

Roughly 16 percent of Russia’s electricity is generated from hydropower, and less
than 1 percent is generated from all other renewable energy sources combined.
Roughly 68 percent of Russia’s electricity is generated from thermal power and 16

percent from nuclear power (Russia Briefing 2011).

If we assume that the average moisture of forest residues equals W = 55 % then the
energy potential of this biomass is 0.45 min Gcall/year (of available forest residues,
see Table 3). For comparison, it is to notice thatthe total capacity of the 365 boiler-
houses operating in 2000 in KMAR were 3.391 Gcal/h. This means that a
considerable portion of heat in this district can be produced by the use of the
additional forest harvest residues. Without a detailed analysis of the KMAR fuel
consumption, the fuel balance can be met (even partly) by the use of local wood
fuels such as timber harvesting residues. The possibilities of using biofuel directly in
the KMAR with growing wood should be estimated by taking into account all

varieties of ecological and economic aspects.
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Under the conditions of KMAR the question of export of biomass should be
considered, in particular, the use of wood waste for the production and export of
high-calorific kinds of biofuel. However it always has to be kept in mind that the
application of wood as biofuel nowadays is the least qualified matter of its use.
Wood, first of all, is a valuable material for construction. Consequently, wood should
primarily be used in various wooden building, etc. Then the part of the wood, which
cannot be used as a constructional material, should be used as raw material for the
pulp and paper industry - through, for example, technological wood chipping. And
finally only the part of the wood, which cannot be used as constructional material
and raw materials for pulp and paper industry, should be processed for the

production of biofuel.

Considering the conditions of the Kyoto protocol, starting from the global carbon
dioxide balance, and the prevention of GHG effect, the most efficient export from
Russia is deeply processed wood, which is located very close to the place of its
origin. In this case, expenses and energy consumption for wood transportation are
low. This leads to the ecologically sound wood export from Russia, supports
development of the Russian pulp and paper industry and the facilities for deep
wood processing. Accordingly, the amount of wood residues from wood processing,

which can be applied for energy production, will increase.

The wood utilization priorities in KMAR should take into account the prospects of
the extended use of biofuel. The wide introduction of biofuel opens new horizons for
international cooperation, which is essential for the further development of the
region. The Russian wood complex can effectively support the EU program on the
expansion of use of renewable energy. It is necessary, first of all, to talk about the
reconstruction and expansion of factories for chemical and mechanical wood
processing on the territory of KMAR and, simultaneously, the production of different

kinds of biofuel for export.
The increase of the Russian internal prices for gas essentially changes the
competitiveness of biofuel. Clearly, wood expects beinga competitive basis for fuel

production in the near future in the forested regions of Russia.

Apparently, the comparison of the various scenarios including regional use of
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biofuel or export of the latter should be done based on various measures such as
volume or weight units, Gcal of a transported biomass or products from the place of
processing. Besides, it is necessary to consider the expenses for the prevention of

the GHG emissionscaused by transportation.

For all options, technical and economic estimate of the expenses for the biomass
production together with the transportation costs should be done first. Second is an
analysis of the actual expenses of biofuel production and transportation. Third is an
analysis of the expenses for the expansion of export volumes and the definition of

the future prices for biofuel.

One of the Kyoto Protocol opportunities, which are strongly supported by Russian
government, is a substitution of coal with biofuel. There is an option to develop a
complex government program at the country and regional levels. This program
should be based on the Russian scientific potential, existing experience in Russia,
and cooperation with industrial plants in Scandinavia and Netherlands. It is believed
that this cooperation allows establishing projects having experimental technological
schemes of production, processing, transportation and utilization of biofuel. Thanks
to the existing elements of available technological schemes, the financial expenses
will be essentially lower. The operational expenses, including expenses for the
scientific support of the project, will also be much lower, than financial expenses for
the development of new technologies. Besides, such a solution of the problems
would minimize the risks, which arise, when new plants are created and
constructed. Considering the international importance of the Program, as it supports
preventing the global climate change, it is important to apply for financial support,
such as public funds, from the interested countries and countries of the European

Union.

With the support of the KMAR management, it is necessary to contact the Ministry of
Industry, Science and Technologies of Russia with the request to include the project
“Complex use of wood raw materials» in the Federal Scientific and Technical
program “Research and developing on the basis of priority directions of scientific

and technical civil”.

For the Program realization, concerning the modernization of the boiler-houses, it is
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necessary to lump together all investments — from the own enterprises assets, for
example - 50 % of the project budget — the assets from the regional or Federal
budgets - 25 %; - and loans from domestic or foreign banks. The credit terms
should be preferential: 10 years with the possibility to prolong this term for other two
2 years. The annual interest rate should be no more than 7 - 10 %. In case of
higher interest rates, caused by the Central Bank of Russia, the regional
administration should guarantee to compensate this higher paymentby re-financing
it. Without such cooperation, neither the State structures, nor private concerns, can
realize similar programs. For the realization of such a program, the concept for

biofuel export could render considerable aid.

Tax privileges can be an additional source of financing for the companies and firms
of any pattern of ownership using biofuel (from wood waste) for the production of
thermal and electric energy. For this purpose, it is necessary, to develop a legal
basis - amendments to corresponding laws - and to get them through the regional

parliaments (or even through the State Duma of the Russian Federation).

It is also necessary to prepare the regional program for the formation of climate
projects (according to the Kyoto Protocol for the Framework Convention of the
United Nations on Climate Change) and by giving KMAR the status of the pilot

region for the early trade of quotas.

5. Methods of wood waste utilization for energy and biofuel

production

5.1. Production of wood pellets

From the position of sustainable forest management, the timber harvesting of
merchantable wood and felling of pulpwood should be accompanied by fire wood
production and the utilization of logging residues. All this will considerably expand
the volume of raw materials for biofuel production - its use directly in the region and
for the export. For the export, however, the most transportable kinds of biofuel

should be used - fuel briquettes, wood pellets and charcoal.
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Wood pellet is a wood product compressed from milled wood. The main source of
wood for pellet production is the forest residues: logging residues, sawdust and
other raw waste lumber. The pellets are cylindrical in shape, have a diameter of 6-
10 mm, and a length of 10-30 mm. In Russia, most of the pellet technology is
imported from Sweden, Germany, Austria and USA. The most used pellet burners
are Swedish like EcoTec, PellX, lwabo and Janfire. The pellet production equipment

has been imported from Germany and Baltic States.

Russia used around 5 — 15% of pellets on the domestic markets in 2007. The
domestic usage has grown in 2008-2009. It was around 10 — 20% in 2008. Around
15 — 30% of produced pellets were used inside Russia at the beginning of 2009.
Prices on the domestic market differ and depend on the location of the plant, the
neighborhood of a big city and the desire of big supermarkets to work with pellets.
For example, in 2007-2008 the Auchan Retail Company (one of the biggest
supermarkets in Russia and of French origin) has purchased pellets for 180-190
Euro/ton. The St.Petersburg supermarket net “KARUSEL” has sold fuel pellets at a
price of 89 Rub for 5 kg bags in 2008 (about 500 Euro/ton). However, this is the

retail price for the final consumer (Rakitova and Ovsyanko 2009).

Pellets can be used as fuel for the municipal boiler-houses, cottages (as, for
example in Sweden). Burning pellets raises ecological indicators of boiler
installations, it also improves the conditions of their service, reduces the

dependence on the imported fuel.

In connection with the high competition (including export) for wood suppliers and
producers, it is expedient to organize the own production facility and deliver pellets
to other regions of Russia and to Europe. All this will raise the profitability and

competitiveness of the basic production.

The production, usage and export of bricketed or granulated wood waste are
justified only where crushed wood waste is used for processing. Therefore the
following technique should be realized through the mechanical milling.

Briquetting of wood waste can be carried out without binding materials or by using

binding products of chemical nature (black chinks, tall oil, lignosulfonates, etc.), and
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also on the basis of oil refining waste. The creation and use of such cellulose
composite materials can be one of the important options of the complex Program
for the KMAR.

5.1.1. «Muench-Edelstahl GmbH» granulation product line for the processing of
industrial wood residue

The company «Muench-Edelstahl GmbH»? has more than 40 years experience in
the creation and production of the equipment for granulation and crushing lines.
The company produces the press and granulation lines in the complete set,
including the preparatory equipment for crushing raw materials. The productivity of
these lines varies from 100 kg to 10 tons per hour. A new technology has been
developed, where the raw material with moisture of 50 % can be processed, which
is unique in the field of the granulation of wood waste. The press is equipped with a
closed and greasing system, which is additionally under pressure, guaranteeing

long-term operation.

The "Muench" press is used for the processing of soft and hard woods. The
granulation line is supplied by an automatic control system, temperature gages
and firefighting systems. The size of raw material particles should make no more
than 90 % of the diameter of the die hole. The productivity of the lines, used in
wood waste granulation, is rather low because of the fibration of the raw material.
The current consumption makes 50 - 80 KW/ton. By processing the raw material
from hard wood, the current consumption increases by 30 %. Therefore,

whenever possible, the raw material should be mixed.

According to the website of «Muench-Edelstahl GmbH», the company offers the
following product range: Pellet mills, Dies and Rollers, Hanner mills, Cooler,
Dryer, Crumbler, Screeners, Control Systems, Fat Spray Systems, Extruder, Chop

mills, Containerized Systems, Scrapers and Gun-Drilling Machines.

“Source: http://www.muench-edelstahl-gmbh.de
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Figure 7: Specification — product range “Minch-Edelstahl*
(Source: Miinch-Edelstahl GmbH)

*Source: http://www.biofuelmachine.com/complete_wood_pellet_mills.html
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The pelletizing process includes:

Crushing: when the thickness of raw wood material is > 10mm, and > 50 x
50mm (L x W), we need to use the Wood Chipper to chip them into small
pieces, then crush the small pieces into wood powder with a diameter less
3mm by using the Hammer Mill (Crusher);

Drying: the best moisture content to pelletizing is about 13-15%. Our
Rotary Dryer is made up of a Stove and Main Rotary Dryer, which can
realize a moisture reduction from 60% to 10%;

Pelletizing;

Cooling: after the pelletizing process, the temperature of the wood pellet is
about 60-80 degrees, and the moisture content of the wood pellet is about
15%. The cooler reduces about 3 — 4% moisture, so the wood pellet is
easy to store;

Packing.

Table 5: Parameters of “Minch-Edelstahl” Press (Source: Miinch-Edelstahl GmbH)

Press 250 350 420* 520 660

1. Capacity (max) 0.1 0.5 1.2 1.5 25

2. kW press 17 2630 2655 20675 26110
3. kW conditioner 1.5 3 5 7.5 11

4. kW feeder 0.37 0.75 3 3 3

5. Weight, ton 0.78 1.45 2.96 35 4.2
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Table 6: Dimensions of “Miinch-Edelstahl” Press (Source: Miinch-Edelstahl GmbH)

Press 250 350 420 520 660
A 190 240 320 320 440
B 142 300 420 420 506
Cc 180 375 530 530 836
D 550 1200 1330 1330 1740
E 660 780 1170 1170 1080
F 370 940 1200 1200 1430
G / 1710 2150 2150 2380
H 630 930 1175 1175 1285

I 1190 1730 2150 2150 2530
1050 1380 1690 1690 2115
K 1230 2100 2600 2600 3100

5.2. Charcoal production and pyrolysis wood installation “POLYKOR”

According to the FAO, globally, the charcoal consumption increased by more than
50 % between 1989 and 2008, with a large part of the increase in Africa, which
accounts for more than half of all charcoal consumed (FAO 2010). The migration to
urban and peri-urban areas has contributed to this expansion, because charcoal is
easier and cheaper to transport and to trade than fuel wood. The charcoal
production and transport are important sources of cash income in some rural and
peri-urban areas; the economic value (real and/or perceived) of the charcoal
industry is exemplified by the fact that it thrives even in many areas of the sub-

Saharan Africa, where there are many legal prohibitions against it.

Unlike in Africa, where the household use of charcoal is widespread, the expansion
of charcoal use in South America and Europe has been largely for industrial
purposes (FAO 2010). To some extent this is reflected in the changes in per capita
use of charcoal; in the period from 1992-2007 the per capita use increased
moderately in sub-Saharan Africa (by 0.89 percent) compared to South America

(3.12 %) and Europe (1.6 %).
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The charcoal market in Russia

The market outlook of the charcoal production and consumption in Russia illustrates
a 17% sales decrease during the last 5 years. This depletion is caused by the
influence of the financial crises on the ferrous metallurgy, which is a major charcoal
consumer in the country. However, national experts do project a recovery in the
coming years. The forecasted sales are expected approaching 54 million tons by
2015. The estimated growth is 30% compared to 2010.

The demand for the given production in the Russian market during the past years
went down, a fact that is connected to the competition with gas, and also with the
consequences of the financial crisis. 2006 to 2010 the sales in Russian market
were reduced approximately to 21 million tons and have made about 207 million
tons. Coal mining in 2009 also has decreased on 8 %, because of insufficient
demand. More favourable tendencies that have led to escalating volumes of
extraction of coked coal were outlined in 2010 in the economy: by the end of the
year the increase has made about 5 %, a volume of 317 million tons has been

reached.

Further, experts predict a growth of the extraction and coal sales provided that the
economy and, in particular, the branches, which still using coal, will overcome the
crisis. A growth of sales in the home market of charcoal at a rate of 3.7 % annually
is expected for the next five years. It is also expected that by 2015 the sales volume

will reach 248 million tons.

Under the existing market conditions, the charcoal production at the big factories
became unprofitable in Russia (Rynok Rossii 2011). The traditional raw material for
pyrolysis is hardwood from broadleaved forest. Under the present-day economic
conditions, it is difficult for the producers of charcoal to compete in the purchases of
raw materials with the wood or pulp and paper industry. At the same time, there is
an unsatisfied demand for charcoal. During its best periods, Russia produced about
300 tsd tons of charcoal, now the approximate calculation of this volume is about
50tsd tons. In comparison, the globe's largest producer

of charcoal is Brazil, producing over 13 million tons (Inspirations 2011).
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In the Russian domestic market, an import of charcoal could already be observed.
In the EU the charcoal consumption per capita per year exceeds 1 kg (FAO 2010).
In Russia this indicator is less than 50 gram. To fill up the deficiency with minimum
expenses, inefficient and environmentally dangerous installations are used in the

country.

The production of charcoal based on ecologically clean technologies is based on a
new generation of installations for pyrolysis. This equipment was developed in the
St. Petersburg state timber college together with the joint-stock company "Partner".
As a result, a series of installations named as "POLYKOR" (“MOJIMKOP”) for
pyrolysis of the logging residues, firewood, and wood processing residues was

developed.

The choice of installation is made based on parameters such as waste availability
and quantity, which is located near the installation (not further away than 50 km),
and to avoid long distance shipping charges for firewood. The installation modules
can be placed on the mobile platform and operate nearby the timber harvesting

area.

‘POLYKOR?” installations meet ecological and technological requirements. They are
simple in service and produce commodity charcoal from wood waste. The first
installation of this type has started to operate in May 1999. The second, featuring
twice the capacity of the first one — “POLYKOR-2" (“MOJIMKOP-2"), was placed in
Priozersk, Russia and has started its operation in November 2000. The test of
installations has shown that they operate under and can support various
temperature modes. For the first time it was possible to produce high quality
charcoal from wood waste. Depending on the consumer demand, charcoal with
different content, i.e. non-volatile carbon can be produced. At the moment, most of

the produced charcoal is used for export.

A short description of the principal, how the installation works: firewood is located in
a dryer, and afterwards in the pyrolysis reactor in portable retorts. Gaseous and
liquid products of thermal decomposition in the form of steams and gases arrive in a
fire chamber through a special channel and completely burn down. Thus,

unappreciated emissions are not emitted, as they are burned and turned into heat.
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Figure 9: “POLYKOR-2” (Source: Stolyarova 2003)

1-combustion chamber; 2 —pyrolysis chamber; 3 — drying chamber;
4 - Smoke stack; 5 — crane

Besides the oven, the installation consists of a warehouse for raw materials, a
platform for the preparation of raw materials with a saw and a splitting axe, the
elevating crane, basic supports for retorts, devices for loading and unloading of

retorts, a hangar for packing and warehousing of production and a loader.

The released composition into the environment in %: 37.5 N5, 10.0 O,, 5.0x10°NO,,
43.8 H,0, 5.0x10? CO, 9.0 COs. In the heat-carrier, the concentration of harmful

components NOxu CO is much below the allowed critical level.

The surplus of the heat can be used for water heating or the production of steam for
households and technological purposes. The new project “POLYKOR-3” installation
(“MONMKOP-3"), which is similar to installation “POLYKOR-2" (“NOJINKOP-2"), is
under construction and produces 1.5 ton/hr (Infomine 2010). The characteristics of
“POLYKOR-2"and“POLYKOR-3” are shown in the Table 7.

Table 7: Factsheet for POLYKOR-2 and POLYKOR-3 (Source: Stolyarova 2003)

Parameters POLYKOR-2 POLYKOR-3
Production of charcoal, ton/year 800 1000
W3ood consumption for 1 ton of coal, 9-11 9-11
m”/year
Heat production, as steam and hot water,
Gcal/h } 0.25:0,5
Amount of the employees 24-26 24-30
Production area, ha 0,20 0,25
Construction period, months 3-4 3-5
Payoff period, years >1,2 >1,5
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The main disadvantage of the “POLYKOR" series — is a high material capacity
and, accordingly, high capital investments concerning the construction of such
installations. However, the application of the "POLYKOR" installations improves
ecological conditions not only by the absence of harmful emissions, but also at the
expense of clearing of forest residues. Other benefits include an increase of the
commodity output, tax deductions grow and the generation of new workplaces. The

development of domestic biofuel allows the refusing of imported fossil fuel.

5.3. The technology of the carbonization in the harvest area

While constructing technologies for the usage of wood biomass, the kind of initial
raw resources plays a crucial role:
1) Moist wood and moist wood waste prepared for use (firewood, cutting
chips, sawdust, etc.);
2) Charcoal, which is produced from the above mentioned wood resources
including also suitable ones for use (powder, briquettes, "slurry" — fuel,

etc.).

For the buyer of biofuel from raw resources, two parameters are important:
1) Expenses for each unit of the power potential,
2) Really achievable efficiency concerning the usage of this power potential in

each of the technological schemes, the distinction in specific expenses.

Due to the huge country area the transport costs for the delivery of raw materials to

the buyer plays the main role.

The analysis of the charcoal burning economy (including the cost for the raw
materials and transportation) demonstrates that transportation expenses make
charcoal inefficient, where the distance from the factory to the customer is more
than 50 km, in case of auto transport, and more than 200 km, in case of railway and
river transport. Due to pyrolysis, the loss of the initial energy potential (accounts for
10-30%, depending on the completeness and efficiency of the utilized wood-gas-
condensate fraction) will be compensated by the reduction of the transport cost

(water and oxygen comprise nearly 65 % of raw material, which will be lost in the
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course of pyrolysis and, thus, will not be transported) and the higher efficiency of

energy and energy-chemical cycles.

In the ambitious programs for using wooden raw materials, the projects with
distances higher than 50 - 100 km will prevail. Accordingly, it is hardly possible to
make a shift without the technology of carbonization on the temporary wood
territories. This concerns the utilization of post fire forest residues, and many large

forest areas, which are abandoned by insect invasions.

Modern high-efficiency technologies of carbonization (charring, medium
temperature pyrolysis) have to be used on stationary platforms, where wood is

unsuitable or insufficiently use for exploitation.

In the State Research Centre Timber Processing Complex (SRC TPC) the new
technology of carbonization, which is focused on forest harvesting, is developed.
The collar and compact carbonization is applied for many hundreds years, but the
new technology is completely mechanized, temperature regimes are rigidly

controlled, taking into account modern knowledge of the pyrolysis.

The principle module for carbonization can produce as much as 12,000 tons of
charcoal per year. The cutting chips, crumb (brilliant green) can be over burned to
charcoal. Primary charcoal is a trifle ("nuts"), a powder. It can be transported in the
initial kind, in the form of suspension (a ground powder in a mix with neutralized
pyroligneous liquor on acids), as well as in the form of briquettes or granules. The

production is ecologically friendly and lacks liquid and steamy pollutants.

The equipment of the facility supposes its operative re-deployment on the new
place in the forest. For the seasoned work at the facility, a temporary warehouse is
set up. On the basis of the typical plant with a capacity of 12,000 tons/year, it is
possible to develop charcoal mass production (millions tons/years). Specialized

vessels should carry out the export.
Together with the National Pension Fund "Aerostatics" (based on Moscow Aviation

Institute named Ordzhonikidze, Moscow) SRC TPC studies options of charcoal

transport on short distances (50 - 75 km) in fully impassible areas with the help of
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gel dirigible balloons, at the cost of 2 RUB per one ton/km. This transportation can
also provide a transfer of technical equipment for timber harvesting and
carbonization. The speed of dirigible balloons is 100 km/hour. The consumption of
diesel, including load-carrying capacity of more than 20 tons, is still less, than at

auto timber carrying vessels®.

Figure 10: Gel dirigible balloons Study (Source: Aerocrat)

In connection with the requirements of the Kyoto protocol on the reduction of CO,
emissions into the atmosphere by 5.2 % by 2010, Russian charcoal can be of a
considerable interest for the closely located countries in the west and east of
Russia (Germany, Italy, Japan, etc.). The most simple and cheapest way to solve
the problem is to switch from black oil from their thermal power station and boiler-
houses to the Russian charcoal, on own or Russian wood coal "slurry" - fuel
(powder charcoal in black oil). At the mass production - many millions bricketed
charcoal in a year - the cost from the Russian producers will be relatively low. Even
the transportation of the Russian charcoal or «slurry» fuel in optimum transport
schemes will not be cheap; its price under CIF terms (Cost, Insurance and Freight
are paid by a supplier) will be much lower for the buyer, than the black oil price in
the same port or on the same railway terminal. The economic gain can be mutual
and rather considerable. Thus, Russia should guarantee and really provide 100 %
reproduction of the wood resources, which is used for the international charcoal

program.

This problem deserves more detailed joint study with the interested countries and at
all levels - ecological, technological, wood processing, energetic, regional

administrations and the Federal Government.

*Source: http://www.cip.ruffiles/cip/file/dirizh_tech.jpg and http://www.cip.ru/news/16-09-2008.html
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5.4. Installations for the thermal processing of wood waste

Nowadays, for the direct burning of wood waste and heat generation, two types of
devices are basically used: fire chambers with a freely lying down layer and fire
chambers with "the clamped" layer (“intensive burning fire chambers” systems, so

called “ZKTI-Pomeranzeva” (in Russian “LIKTU-NomepaHueBa®).

There is a set of various fire chambers with a freely lying down layer, with fixed and
mobile racks, using manual and mechanized maintenance. They are grouped in
various water-heating or steam coppers with a wide range of capacity - from several
watt to several megawatt. These fire chambers are usually quite forgiving to the fuel
quality and to the qualification of the maintenance staff. They have low thermal
loadings (usually 500 KW/m?) and low economic indicators (losses from incomplete
burned fuel range from 4 to 8 %). The use of a mechanical mobile rack does not
only raise the combustion efficiency of the fuel (losses decrease to 1.4 %), but also
create comfortable service conditions for installation, which allows automating the

latter.

The intensive burning fire chambers have high thermal pressure in the burning zone
(1,500 — 3,000 KW/m?); they are compact, inexpensive in the production and easy to
operate. Less than 4 % are losses from incompletely burned fuel. Therefore, they
have found a wide application in the boiler installations for wood and the wood

processing industry.

The transition to the market relations has led to a considerable fluctuation of the
technical characteristics of wood waste, which is used for burning in Russia. The
moisture of wood waste can change abruptly within W = 30 — 65 %, the granulo-
metric composition - dnax = 1 - 100 mm. Under these conditions, the less heat-
stressed fire chambers with a freely laid layer appear more reliable than intensive
burning fire chambers. In order to build such a fire chamber, it is necessary to use
the latest internal technical achievements, which makes it completely mechanized

(and automated) and has comfortable conditions for the maintenance staff.

A good example for solving such a problem is the project of the Swedish Energy

Agency (STEM), transferring the boiler-house of the Lisinsky timber-technical
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school from black oil to wood waste. In this boiler-house, a new water-heating
copper with a thermal capacity of 2 MW, a system for wood fuel transfer and a
removal device for ash-slag waste were mounted. This installation is completely
automated and applies to the European standards. It has predetermined its high
price. A five years' operation of this installation in Lisino has shown the reliability of
its elements; it has allowed a technical school to develop nearly 25,600 MWh, to
save about 2,700 tons of expensive black oil, and also lowering the emissions of
harmful substances in the atmosphere by approximately 5 tons of NO,, 70 tons of
SO,, 8,040 tons of CO, (Stern 2005).

The larger-scale project, using a long-term loan from STEM (under low interest
rate), is realized by the “ORIMI” concern, where two coppers “OKBP-10-13" of the
llinsky sawing factory in Kareliya (the executor firm “Tamult”) are modernized. The
modernization purpose is to increase the production efficiency and to decrease the

environmental hazard.

This modernization will allow the following:

To exclude black oil from the fuel balance of the enterprise;
Complete utilization of own wood waste for heat production;
To sell surpluses of heat to foreign consumers;

To provide a reliable heat supply;

o bk~ bh =

To begin liquidation of sawdust and other raw waste, lumber amount formed

during saw milling is about 60,000 m*/year”.

The quantity of wood waste is 55,000 m®year, whereas sawdust and cutting chip
make — 35,000 m*/year and barks — 22,000 m*/year®. This is the equivalent to the
production of 61,598 Gcallyear (71,638 MWh/year) of thermal energy (taking into
account the different warmth of combustion of bark and sawdust). The annual
consumption of thermal energy equals 70,000 Gcall/year (= 81,400 MWh/year). In
order to cover the annual thermal loadings, it is necessary for the wood waste from
llinsky sawing factory to add waste from dump, in a quantity, which is defined by the
technical characteristics, and to refuse black oil as fuel. In addition, for the

modernization process, the replacement of the imported equipment by domestic is

® Source: http://www.zplg.ru/pellets/perspectives.htm
Source: http://ecovata16.ru/a37116-rost-proizvodstva-pilomaterialov.html
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necessary. In this case the preservation of a high degree of installation reliability is

important.

The experience from the project realization of the llinsky sawing factory has allowed
fulfilling a cooperation of domestic and foreign producers, in order to lower the total
cost of the modernization and to fulfill typical key parts of installation. This
experience should be used in other projects of modernization for similar

installations, in a considerable and available quantity in Russia.

It is necessary to notice that this project is of big interest for private companies (to
lower expenses for the production (forest products)), for municipalities (to reduce
the price and sustain a heat supply), ecologists (protection of the environment) and

STEM (realization of the Kyoto protocol).

5.5. Dry chamber and thermal stations, which are working on wood waste

The mobile thermal stations help to receive cheap energy from burning wood waste
of timber harvesting and processed wood. There are two types of such installations:
those with an air heat-carrier and with a water heat-carrier. The thermal stations,
which are designed for the drying of saw timber and the heating of buildings, allow

solving problems of small and large-scale enterprises with developed infrastructure.

The company "Georgiy-Union" (in Russian "leopruin-Coto3") permanently tries to
improve its products, based on consumers demand and the design of the produced
equipment. The capacity of installations ranges from 150 to 3,000 KW. The
introduction of modern technologies like new wear proof materials has given the
chance to improve the operational indicators of thermal stations and to increase

their maintainability.

For the design of this thermal station the unique two-chamber fire chamber with
vertical after-burner of carbon oxides is used. It is fettled with a heat resisting fire
clay brick, which has also high contents of aluminum. The advantage of such
sections for heat exchange is that it allows for quick replacement of faulty sections.

The temperature (max. 95°C) is regulated automatically with an accuracy of £2°C.
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The systems of arc suppression and smoke gas clearing are used in case of fuel

from sawdust or cutting chips.

This thermal station is designed for manual and mechanized fuel loading. A screw
conveyor is used for the loading mechanism. The shaft with the screw, which is
placed in a motionless trench, rotates due to a gear system that consists of a
gearbox and an electric motor. In order to avoid the caking of sawdust in the bunker
a constant rotating mechanism is used. Thanks to this system there is a constant
hashing of fuel in the storage bunker. The operator, depending on the engine power
and the caloric value of the fuel, and carried out automatically, sets the program of
device control. It is possible to use sawdust as fuel but also wood chips and solid
lumpy waste with the size of 50x50 mm, which does not need additional processing
of loose fuel. The extension of the bunker walls, the increase in engine power and
the additional length of the screw conveyor make it possible to raise the volume of
loaded fuel up to 20 m®, i.e. to transform the loading mechanism to a warehouse for
storage of fuel waste. The length of the storage bunker (2.2 m) allows loading the

waste directly from the truck, tractor or pay-loader.

The produced thermal energy can be used for drying carving wood or for heating the
buildings. The mobile thermal stations are easy to connect to any type of drying
chamber. It can be applied for the reconstruction of old buildings. For example, the
replacement of the electric engine by aerodynamic drying chambers of the mobile
thermal station, which is working on waste from wood processing, leads to 10 times
less electric power consumption - thus, the client receives qualitative carving wood
with final humidity of 6-8 %.

The mobile thermal station consumes a minimum quantity of electric power. It
allows to cut down the expenses for energy and to utilize wood waste processing,

without breaking ecological requirements.

The mobile thermal stations with air and water heat-carrier (universal sources of
warmth) are specially created for the Russian market and conditions. They can be
placed outside the premises, so that no boiler-house construction is required. The
modular-block constructions of the equipment, which are made by a company

"Georgiy-Union" (in Russian "eoprun-Coto3"), make the delivery by truck or by rail
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in any region of Russia and any other countries possible.

5.6. Thermal processing of wood waste in gas generators

Thermal wood waste processing in gas generators can be applied in order to
decrease the emissions of unappreciated substances into the atmosphere and to
receive pure gas with rather low heat of combustion - Q% = 4.5 - 11 MJ/Nm®. The
technology used for this process can be considered as proven. In particular, the
St.Petersburg State University, the Russian Academy of Sciences, the
St.Petersburg State Technological University of Plant Polymers, etc. do projects

onconstruction of such gas generators.

Taking into account that price for natural gas will grow; the economically sound
would be to use the coppers not for burning the natural gas but for burning the gas-
generating gas. In this case the reconstruction of copper gas torches is necessary.

The pay-off period for such projects will be less than 3 years.

5.6.1 Operating principle of a gas generator

A gas generator uses the easy and proven way of converting solid into gaseous fuel.
At the stage of gasification, fuel and oxygen, which is given in limited quantity to the
gas-generating chamber, are heated up in the heat reactor and start to react. As a
result, the fuel resolves into carbon, water steam, pitches and oils. The further
reaction between oxygen and carbon provides a temperature, which is sufficient for
the formation of carbon oxide (CO) - the main combustible component of the
developed gas. The pitches and oils resolve into gases, which contain hydrogen and
high quantities of methane. The minimum calorific value of gas is 1100 kcal/m®. The

average content of dry generating gas is shown in Table 8.

The Russian joint-stock company "Impet" (in Russian: «MmneTt») is specialized in
developing and producing gas generators of various capacities. These generators,
together with serially produced water-heating coppers, steam coppers and air heat

exchangers, allow supplying heat, hot water, steam or hot air to buildings.
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Table 8: Gas composition and its volume’

Gas composition CO CO2 CnOm H2 02 N2

Volume % 14...22 8...15 1...4 10... 17 less 5 50... 60

Cutting chips, peat (volume of pieces from 1cm® to 200 CM3), and mix of lumpy peat
with sawdust or chippings (ratio approximately 1:1) can be applied for the gas
generator, only sawdust and chippings can be used as fuel (almost any "rating" can
be used). Gas generators work on fragmented wood of any tree species and quality
(e.g. bark, needles, partially decomposed and etc.). Only the moisture plays an
essential role, it is possible to apply fuel with moisture content from 45 to 50 %. For
the most effective work and maximum operating life, it is recommended to use fuel
with moisture not more than 35%. Technically, it is possible to dry moist fuel with

heat partly produced from a heat generator.

5.6.2 Design of a gas generator

A gas generator is a unit of modular design, which is easily adapted to work with
various water-heating and air-heating devices. The gas generator consists of three
basic parts: the gasification chamber, the inflammation chamber and the bunker for

fuel. Figure 11 shows the schematically device of the "Impet" gas generator.

The gasification chamber consists of a metal case. Inside, the reactor and a fire-
rack are installed. On the bottom the cindery box is located. The channel in the gas
generator, which can be closed and has a regulation valve for "primary" air supply,
is used for firing. In this section there is also a flange for the installation of the fuel

bunker.

The inflammation chamber also has a metal case, where the burning pipe is
installed. There is also a channel with a regulation valve for "secondary" air supply

in a burning pipe.

The bunker for fuel is the tank. On the top of it there is a loading window, which is

closed by a condensed cover. On the bottom - a window for fuel supply to the

” Source: http://www.torson-trade.com/kotly_na_drevesnyh_othod
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gasification chamber can be found.

The sections of the gas generator, which are working at high temperatures, are
made from heat resisting materials. The external surfaces of chamber are heat

isolated.

Figure 11: Gas generator (Source: Rosimpet 2002)

1 — fuel; 2 — bunker; 3 — gasification chamber; 4 — ash-bin; 5 — first air supply; 6 — reactor;
7 — fire-grate; 8 — burning pipe; 9 — boiler; 10 — fire chamber; 11 — second air supply

The gas generator is built the way that its burning pipe is docked to a copper or heat
exchanger of the fire chamber. The gas generator starts working by loading and
firing the fire-rack, made of inflammation material (like in the normal stove). Then,
the main fuel is going into the bunker and then flows gradually into a reaction zone
for gasification. The gas, which is developed in the gasification chamber, goes into
a burning pipe, where the "secondary" air is added. This gas and air mix flares up,
and moves in a torch-form to a fire chamber unit. The regulation of this process is
carried out by the exchange of "primary" and "secondary" air supply, and also

through the change of the discharging level in the unit.

The important advantage of the "Impet" gas generators design is that in the first
block the gasification chamber and a burning pipe (burning device) are connected.
This considerably reduces losses of heat and simplifies the design, compared with
other generators, where the gas supply in a copper torch is selected, cooled and
cleared. The choice of such a design allows the creation of low power gas

generators.
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Table 9: Types of gas generator and its parameters (Source: Rosimpet 2002)

Parameters Types
»Ir-30% »I'r-60“ »Ir-100“ »I'r-200%
1 [Max. Heating power, KW 30 60 100 200
2 |Efficiency of the gas generator 90 90 90 90
3 |Fuel consumption, kg/h, not higher than
» work on peat 9 18 30 57
» work on cutting chips and residues from 10.5 21 34 65

wood processing

4 [Volume of the bunker for fuel, m®:

« with the inclining walls 0.35 0.5 0.75 1.35
« with the straight walls 0.15 0.25 0.3 0.6
5 |Burning time, h, not longer than 0.5 0.5 0.5 0.75

6 |Unloading in the combustion pipe of the gas
generator. Pa 20...25 25...30 30...40 35...45

7 |Basic dimensions, mm,

« length 1,300 1,400 1,500 1,500
- width 700 800 800 1,300
« height (with bunker) 2,350 2,500 2,600 2,700

8 |Weight, kg 290 380 400 700

5.6.3 Technical characteristics of gas generators

Gas generators can work with various heating equipment. Thus, they should

correspond with each other in the capacity (£30 %).

By choosing type and size of a gas generator for a heating system, it is possible to
start with the following norms:
* For heating rooms with the height of 3 m, for each 10 sq. m - 1 KW of
thermal capacity is required
* For heating rooms with higher walls, for each 1.0 cubic m - 0.04 — 0.05 KW

of thermal capacity is required
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Table 10: Example — choice of gas generator (Source: Rosimpet 2002)

Brand of the gas generator «TN-30» «TN-60» «TN-100» «TN-200»
Space of heated area (m?) height 240 480 800 1,600
<3m

Volume of heated area (m°) 600 1,200 2,000 4,000
height >3 m

5.6.4 Heat generators

The company "Impet" has developed and organized the production of heat
generators of the type “TU-30”, “TN-60", “TU-100" and “TN-200”, which provide
heat and air supply to industrial premises, and also offer a drying process for
various materials. Figure 10 shows the general view of such a heat generator.
Table 11 shows the technical characteristics of the main modification of the heat

generator.

The generated gas is formed in a gas generator. The torch of the burning gas is
supplied into a heat exchange fire chamber. By passing on, the heat exchanger
pipes the combustion products heat up and leaves them through a collector and
smoke outlet pipe into the atmosphere. The air, which is produced by the fan,
blows over the warm surfaces of the heat exchanger, heats up and goes into a

heating area.
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7. Orpaxgenmne 10. MNyneT ynpasnexms

Figure 12: General view of the heat generator (Source: Rosimpet 2002)
1 - gas generator; 2 — fuel bunker; 3 — heat exchange unit; 4 — heat exchanger;

5 — ventilator; 6 — flexible connector; 7 — insulation; 8 — traction damper;
9 — exhauster; 10 — control panel

58



Master Thesis
MSc Program

Renewable Energy in Central & Eastern Europe

Table 11: Parameters of each type heat generator (Source: Rosimpet 2002)

Parameters Dimensions of each type
«TN-30» «TN-60» «TU-100» | «TU-200»

Gas generator, which is a part of the «r-30» «r-60» «T-100» | «I'T-200»
heat generator
Nominal heat power, KW 24 48 80 160
Max. productivity (air supply), m°/h 2,000 3,000 5,000 6,000
Heat exchange surface, m? 101 19.8
Temperature of air heating, °C 40... 80
Electric motor power, KW

« fan 1.5 4.0 4.0 55

* exhauster 0.55 0.55 0.55 0.55
Voltage of the power grid, V 380
Efficiency factor of the heat 70
generator, %
Max. Operating hours, h, 0.75 1.0
Main dimensions, mm

* length 2,630 2,730 3,270 3,270

»  width (with fan) 1,600 1,800 2,200 2,520

*  height 2,350 2,530 2,620 2,680
Weight, kg 1,750 1,850 3,800 4,170

5.6.5 Water heater

On the basis of the gas generator “I'T-30", the special design of a water heater

was developed. Figure 13 shows a water heater of type “BHI-300”. Table 10

shows the technical characteristics. A water heater is constructed the way that the

fuel, refuelling the bunker is enough to heat 300 | water to 75 °C.

The water heater works as follows:

300 | of water are filled through a filler tube into a water heater tank. The

demanded quantity of water can be judged by the level gage. After this the gas

generator can be started. Combustion products pass the heat exchanger tubes,

heat the tubes up and leave through a collector and smoking pipe into the

atmosphere. The water, which has been filled in the tank of the water heater,
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washes the warm fire chamber surfaces and heat exchanger pipes and reaches a

certain temperature. The temperature is controlled through a thermometer, which

is installed in the heat exchanger.
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Figure 13: Water heater “BHI-300” (Source: Rosimpet 2002)

Table 12: Factsheet “BHI-300" (Source: Rosimpet 2002)

Factsheet “BHI-300”
Ne Parameters
1 Water quantity, heated by one working cycle, | 300
2 Temperature for water heating 75+5
3 Max. time to heat water, h 1.5
4 Max. required fuel amount for one working cycle:
Fire wood, kg 12
Cutting chips, saw dust, kg 12-15
Peat pieces, kg 10
Peat brick, kg 10
5 Dimensions, mm
Length 1,810
Width 1,260
Height 2,106
6 Weight, kg 760

*Parameters of the temperature and fuel consumption are given by the wood and black dirt

humidity of 40%
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5.6.6 Ecological questions

The application of gas generators supports the reduction of ecological hazards.
Here it is possible to consider the following aspects (Olshansky et al. 2007):

* Application of gas generators allows to use wood waste as fuel, i.e. to
carry out its recycling;

* Application of gas generators does economically expedient clearing of
wood waste from timber cutting and processing;

* The application of gas generators allows to considerably lower emissions
of harmful substances into atmosphere. So, for example, according to the
requirements of the national standard “Coppers heating from water-heating
productivity to 100 KW” (GOST 20548-93), admissible concentration of
CO, in combustion products is equal to 46,000 mg/m?® (fuel — stone and
brown coal with volatile content from 17 to 50 %). By using such coppers in
combination with gas generators the CO, concentration doesn't exceed
1,000 mg/m? in the combustion products;

* The measuring results of harmful emissions during the work of gas
generators on wood waste show that the emissions concerning quantitative
and qualitative content are close to emissions during the work of coppers

on natural gas;

5.6.7 Economic estimations

The cost analysis of heating the premises, which use gas generators, shows that
their expense for fuel is 3 - 25 times less, than those of traditional burning in
coppers, or heating by electro-heating installations. When own wood waste or
self-made cutting chips are used, the cost of thermal energy is even less (Mezin
and Buzulukov 2000).

For the estimation of the economic efficiency of the applied gas generators, it is
possible to start with an average quantity of fuel, which is necessary in order to
receive 1 Gcal of heat. If the heat generator works on cutting chips and wood
waste, it requires about 400 kg of fuel, and if it works on lumpy peat — 320 kg.
Technical and economic estimations for heat production by various methods are
stated in Table 13.
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The operating experience of the heating equipment with use of gas generators
has shown that the payoff time ranges from 2 months to 1 year. The thermal
installations, which are purchased by the use of a leasing contract, begin to give

real cash savings from the moment of their start.

Table 13: Technical and economic estimations of each fuel type (Source: Sergeev 2009)

FUEL TYPE
without gas generator with gas generator
PARAMETERS Liquid fuel® Black coal Electricity Turf Wood chips

Calorific value KJ/m 42,000 32,200 - 13,000 10,500
Average fuel amount in order I/ kg/ 97 | 130 kg 1,630 KW/h 322 kg 399 kg
to receive 1 Gcal heat KWh
Fuel price (10001, 100 KW/h RUB/ton 18,200 3,000 140 1,000 468*
Price / working month of RUB/Mo 110,592 23,040 100,800 20,016 11,520
installation with the power of
100 KW/h
Savings with ,TU-100°° RUB/ton 99,072 11,420 83,520 8,990 -
Pay-off period of , TL-100* Month
works on cutting chips 4.2 36 5 45.4 -

*Electricity price for the fan of heat generator “TW-100"

5.7. Creation of a small combined heat and power plant (CHP)

The combined heat and power production by the CHP, which is widely applied in
Russia, is recognized as the most successful scheme from a long-term perspective.
It seems practical considering the possibility of CHP application through the
modernization of the existing boiler-houses. Bearing in mind the expected rise of
fuel prices, the direct burning of natural gas in the boiler installations of any capacity
should be gradually avoided. Natural gas can be used as fuel only in combination
with steam gas or gas turbine installations (with coppers-utilization). Depending on
the type of installations, the production efficiency of the electric power can be raised
from 35 to 40 % and from 50 to 60 %. It will considerably save fuel, cut down the

budgetary expenses and, simultaneously, will significantly lower the emissions of

8Crude oil is not used as a fuel. It first has to be processed in order to receive different fuels (benzin, kerosin, ligroin)
and different oil types. The rest of the processed crude oil — is masut, which is used as a fuel for the boilers. Masut
belongs to the high caloric fuel: Q = 38.3 mJ/kg (9,150 Kcal/kg).

9Price / working month of installation without gas generator minus Price / working month of installation with gas
generator on wood waste, i.e. 110,592 Rub/month of fuel — 11,520 Rub/month of wood waste.
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harmful GHG gases.

For the KMAR it is advantageous to develop some variants of small CHPs, which
are working on wood waste and produce electric power through steam or gas
turbines. They can be block-modular, unified, with optimum use of Russian and

imported components.

From 1999 to 2000 the State Research Centre Forest-industry Complex (SRC FIC)
has developed, tested and serially produced a water-heating copper “KB-200” with
the thermal capacity of 200 KW. The top internal device of this copper is a gas

generator, which works on moist, fragmented wood waste and sawdust.

Under the same scheme as “KB-200”, water-heating coppers with thermal
capacities of 600, 100 and 1,200 KW are developed. The payoff period of these

coppers ranges up to a max of 6 months.

Nowadays, SRC FIC together with “CNIDiesel“, St.Petersburg, (www.cnidii.ru), has
developed small CHPs with capacity ranges of 150 - 200, 50 — 75 and 25 — 30 KW.
In these CHPs, the gas generators of the conversed type are used. The payoff

period of such small CHPs ranges from 1.5 to 2 years.

When ready, this program will completely fulfil the requirements of the FIC
concerning the small water-heating coppers and small CHPs on the basis of wood

fuel.

Nowadays, the steam generating unit, which is working on wood fuel, is equipped
with the mine fire chamber for layered burning of wood fuel which does not allow
the receiving of stable parameters of the steam for the use in turbo generators.
These top internal devices have been created 40 years ago, have become out-
dated and do not correspond to the international standards. Their basic lack is a low

efficiency of burning wood fuel with high moisture.
SRC FIC develops and produces the top internal devices of the cyclonic type, which

work on wood fuel and are also intended to work as a part of the water-heating and

steam coppers. As a result, the power module of a small CHP, which works on
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wood fuel, will be created with the capacity of 1.5 MW. Its electric component will be
300-500 KW. This module consists of: the top internal device of cyclonic type,
steam copper, steam turbine, electro-generator, system for preparation and the

supply of wood fuel.

The top internal device of the cyclonic type has the following advantages:
* steady tubulisation of the stream in the chamber
* creation of high thermal pressure in the chamber that allows to reduce the
size of the installation and to reduce heat losses to the environment
* conditions for fuller fuel burning, increase of the thermodynamic efficiency of
the installations

* possibility to automate the burning process

The burning process of wood waste is organized based on the cyclonic type of the

top internal device and can provide steady burning in a fire chamber.

The water-heating installation is developed to test some of the top internal devices
with the capacity of 1.2 MW.

The calculations show that the self-cost of the produced thermal power by using
wood fuel ranges from 80 to 100 RUB/Gcal, the price of the purchased energy from
180 to 200 RUB/Gcal. The price of electric energy is 0.4 — 0.5 RUB/KWh, for the
purchased electric power 0.7 — 0.8 RUB/KWh'®.

The main technical facts of the basic unit for the production of electric and thermal
power on wood waste are:
 The recommended heat volume - 3,500-5,600 m?® (depends on heat
insulation).
* The fuel for the coppers is wood waste (with a length of 0.5 m), cutting
chips, bark, and sawdust (30-60 %).
* Moisture of the fuel - 55 %.

* Fuel is filled into the bunker, after that it goes into a burning zone on a grid-

1OSource: http://novoeteplo.ru/content/view/26/ and www.antareskomfort.ru/heating/ahs-sravn-harak.php
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iron rack
* Combustible gases in the heat pipe are linked to the heat exchanger, where
it’'s burning heats water, which at the end is consumed by an end-customer.
* The cooled smoke gases go to a chimney
* Nominal heat production — 200 KW (0.17 Gcal/h)
* The maximum water temperature in the coppers exit — 115 °C.
* Temperature of the exhaust gases — max. 200 °C
* The water consumption by a copper — 8 m*/h
* Working pressure of the water - 6 atm
* General dimensions:
Length — 2,800 mm; width — 1,250 mm; height — 2,400 mm
*  Weight — max. 2,500 kg

* The wood fuel consumption — 3 m%days

Figure 14: Gas-generating water heating unit “kB-200“""

The basic set-up of the assembly (Figure 14): 1 — gas-generating fire
chamber; 2 — Pit; 3 — Heat exchanger; 4 — fire tube; 5 — hydro pumps type
,BKC 4/28”.

"Source: http://exmservise.ru/catalog/id/13
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Figure 15: Basic set-up of the assembly (Source: Wikipedia 2012)

1 — fuel, 2 — primarily incoming air, 3 —secondary incoming air, 4 — out coming gases,
5 —water supply, 6 —water outcome. A — gas generator chamber, B — fire bar, C — extra
gas burner, D — flue, E — smoke evacuator.
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Figure 16: The general scheme of thermal processing of solid combustible waste for the
production of thermal and electric energy (Source: NWICPC 2012)

The processed raw materials are loaded from above through the lock chamber into
the reactor. Afterwards, air and steam are added from below. A selection of
product-gas occurs in the top part of the reactor, and the unloading of the cindery

rest — in the bottom. The working mass moves through the reactor through its own
weight.

The height of the gas generator is divided into some characteristic zones:
In the uppermost layers the temperature stays at 100-200°C. In this layer the drying

process of the arrived raw materials, which is blown through product-gas, takes
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place. As a result, the product-gas is, to some extent, sated with steam.
Under the upper layer, we can find the pyrolysis and sublimation processes zone.
This zone is oxygen-free. Here the thermal decomposition and coking of organic

weight take place. The product-gas is enriched with flying products of pyrolysis.

In the middle part of the reactor the gasification zone can be found, where at
temperatures of 1000-1200°C an interaction of coke residue with oxygen, steams
and carbon dioxide with formation of CO and H, takes place. Some part of carbon
burns down completely with formation of carbonic gas CO,. At this expense the

necessary temperature is supported in the gasification zone.

Under the middle zone the solid rest, which basically consists of mineral
connections, is gradually cooled and is rich with oxygen. The rest of organic
connections, carbon and combustible materials completely turn to ashes. In the
lowermost part of the reactor we can find the zone of definitive cooling of the solid

rest to temperature nearby 100°C.

Table 14: Characteristics of the gas generator'?

Nominal Nominal Raw material (wood waste) Height of Dimensions Nominal air | Electric
heat power | emission of - — chamber of chamber consumption | power
dry gas Consumption Max. humidity
MW m°/h kg/h % m mm m°/h KW
0.1 70 40 35 1.8 200x400 45 30
0.6 500 380 50 5 Diameter 950 350 200
1 850 750 55 6 Diameter 600 300
1,130
3 2,500 2,200 60 8 800x2,500 1,900 1,000

5.8. Technology of wood waste burning in the boiling bed

The technology is based on fuel, burning in the amount of the heated particles of the
inert filler, which are boiling in the ascending air stream. A small percent-ratio of the
fuel input to the inert ratio of a boiling layer and an intensification of the burning
process provide an effective burning of low-reaction, high-ash, lean coals with a low

volatile content, bark of trees with moisture of 65 % and other low-grade fuels, which

Source: http://equipment.recyclers.ru/cat_1_09-002.html
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traditional burning is inconvenient. The size of fuel particles, which are intended for
burning in the boiling bed (BB), ranges between the size of fuel particles from dusty
burning and from mechanical fire chambers. Their maximum size depends on the
reactionary ability of the fuel and ranges from 6 to 25 mm. For coppers with BB the
characteristic density of a layer is 750 kg/m® at a temperature of 820-900 °C.
Thanks to the long-time stay of the fuel in a BB, and the high intensity of the heat-
mass-exchange processes, the efficiency of burning in a fire chamber with BB is
high, despite the low temperature of the process. An insignificant particles offset

from a fire chamber is observed in the bubble layer.

The technology allows:
* To completely refuse any mechanically moving knots of the top device, which
considerably increases its reliability
* To provide effective burning of the diversified low-grade fuel
* To provide effective internal heating neutralization of sulphur oxides (by

using high-sulfur fuel) and nitrogen

The necessary conditions of the BB organization are the installation of a high-
pressure fan with a powerful electric motor in order to overcome the resistance of
the air grille and the BB, and also to return the carried-over particles for re-burning.
With this process the circulating BB can be organized. Small fractions of wood
waste (sawdust and cutting chips) demand the secondary air for their burning over a

BB in a fire chamber.

Burning low-ash wood waste in a fire chamber with a BB, demands a system for the
preparation and distribution of an inert material (sand). It is necessary to choose a
suitable sandpit and to check if the sand is not melting in a fire chamber of a BB.
Periodic replenishment is maintained by the BB at a constant level. The removal
from a fire chamber of the possible sinter should be organized by using the shutoff-
regulating valve. The removal of the crushed sand and ashes is made by a system

of ablation return.
During the burning process of high-calorie fuel (combustion heat of more than 3,000

kcal/kg), for the temperature regulation of a BB, it is necessary to withdraw the heat

from a layer by the heat surfaces. They can be executed by economizer, vapour
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superheated and, in rare case, in form of the evaporator. These surfaces work very
effectively (heat transfer factor at a level of 300 Kcal/m2/hr), but are subject of

erosive deterioration.

The technological processes of BB are easily automated, which provides an

improvement in working conditions and safety of the personnel.

The technology of a BB is made for the burning of low-grade cheap fuel.

For example, from 1986 in Finland the fuel universality and ecological cleanliness of
BB is used. The copper with the combined fire chamber (dust coal and BB of the
company “Tampella”) at the pulp-and-paper factory Heinola works with peat mix, a
bark and coal, which has an admissible content of NO,, SO, and a dust in smoke

gases.

The transition from one fuel to another for a fire chamber with BB is no problem. The
listed arguments in favour of the technology BB explain the expediency of the
reconstruction of existing coppers with their transfer into the burning of the most
accessible and cheap fuel. For example:

* |t is possible to switch oil-gas coppers to coal or wood burning, by leaving
hydrocarbon fuel as the reserve;

* The coal coppers with standard fire chambers, which have problems burning
low-quality coal, due to modernization of BB will increase their productivity
and efficiency;

* The reconstructed coppers can be equipped with a compact steam heater,
which is placed in BB for increasing the steam temperature in front of the

turbine and the creation of a small thermal power station.

The extensive international and domestic experience of the coppers modernization
and creation of the new coppers with a BB confirms the clear advantages of this

progressive technology.

The necessary condition of the circulating BB organization is to catch and re-burn

the smuggled particles. With its help, the circulating BB can be organized.
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6. Conclusion

The analysis of the current trends in the energy sector shows that the era of cheap
natural fossil fuels (oil and gas) comes to an end in Russia. The country experiences
fuel prices rising up. Taken into account that oil and gas are the major sources for
the hard currency in Russia, one can propose that the country will intensify the use
of coal. This scenario will have negative environmental consequences including the
increase of GHG emissions, which confront Russia’s commitments to the global
climate change conventions (e.g. Kyoto Protocol). All together, it will push the
country towards concerning the exploitation of renewable energy resources, such as

biomass in the forested regions.

Russia holds nearly one quarter of the global forests with a total wood stock of about
82 bin m®. Nowadays, the total timber harvesting is about 190 million m®, which
provides forest residues of about 15-40 million m®. Forested regions such as KMAR
do produce forest residues of the amount of 0.1-0.3 million m°. These huge biomass

resources are poorly used for energy — some 2% on the energy equivalent basis.

The power installation, which thermally processes wood fuel into heat and power
(boiler-house or CHP), should be the integral part of the efficient wood resources
use. The superfluous quantity of wood waste can successfully be processed into
dried wood fuel with high combustion heat and can replace the expensive imported
coal in many municipal boiler-houses. In certain cases, the thermal processing of
wood waste into gas in gas generators also makes sense in order to substitute

natural gas.

Generally, the study results are applicable not only to the Khanty-Mansi
Autonomous Region, but also to other forested regions of Russia, which have plenty
of wood resources. The transition to biomass fuel with the gradual and partial
replacement of fossil fuel is one of few possible and most effective ways, which can
solve all problems concerning power production and the sustainable forest

management in Russia.
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