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Abstract. At current usage levels, short rotation coppice (SRC) biomass could be considered as an
untapped resource. There is a worldwide interest to extend its sustainable production significantly in
adecade to come. However, the cultivation of energy crops is very site-specific and the exploitation
of SRC biomass is a relatively new trend in biomass application for heat and power production with
little information on its cultivation patterns and appropriate combustion technologies. In fact, docu-
mented biomass conversion technologies’ impacts in the energy sector and their commercialisation
are limited. This paper aims to present a summary of technical characteristics for different biomass
conversion technologies. These characteristics are not necessarily unique to all types and possible
modifications of the biomass conversion technologies applied for many countries. However, the
lack of technical knowledge have created situations that were previously impossible to be solved
without the aid of numerous research and development activities. The developers did not capture
all of the economic benefits that the technology provides which would help to reach its technical
accomplishment and commercial execution.
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Introduction

Plant-derived biomass is considered as an important source of alternative energy. Wood-based
biomass, including energy crops, is expected to be a major contributor, achieving ambitious
goals for renewable energy (RE) in many countries (Berndes et al. 2008; Ravindranatha,
Hall 1996; Thran et al. 2010). There is little doubt that world countries need to reduce their
dependency on fossil fuels in order to provide sustainable sources of energy for the future and
to alleviate global climate change (Djomo et al. 2011; Raslavicius et al. 2013). However, future
increases in biofuels must come from advanced biofuels, everything else will be unsustainable
(Directive 2009/28/EC 2012). The so called “First Generation” energy crops (wheat, potatoes,
maize, barley, sugar beet/cane, oil rape, sunflower) may not be seen as a solution anymore
because of the competition for arable land between food and biofuel feedstock. There are also
doubts over whether deriving bio-energy from food crops containing sugars and starches
does indeed result in a reduction in Greenhouse Gas (GHG) emissions (Yin et al. 2008). To
give high yields, dedicated crops-to-biomass production systems for energy purposes require
high inputs of nitrogen fertiliser to promote plant growth and improve product quality, which
requires a lot of energy in its manufacturing process (Siemons 2002). This means that, on
balance, the emission-reduction of GHG and energy saving achieved are minimal or, in some
cases, even negative (Harris et al. 2011).

“Second generation” (non-food) energy crops such as willow, poplar, and others have
several distinct advantages in sustainability-driven management over food-crops (Valentine
et al. 2012). Life Cycle Assessments (LCAs) for SRC-derived bio-energy and biofuel show
higher Green-House Gas (GHG) reductions and energy savings than those of the “First gen-
eration” (Cherubini, Stremman 2011; Djomo et al. 2011). This is because dedicated energy
crops recycle the majority of their nutrients during growth, reducing the amounts of nitrogen
fertilizer required (Drewer et al. 2012). According to Goglio and Owende (2009), the key
GHG emission compatibility factor was the type of combustion technology, which had up to
36.4% variation in net energy production, and 96.4% reduction in CO, emission. The choice
of fertilizer type, application technique and drying technology were very important factors
as well (Goglio, Owende 2009).

There is no annual cycle of agricultural activities and the SRC crops are fast growing
with the potential to use small amounts of pesticides and nutrients for large gains in bio-
mass yield. Some concerns arise from energy crop willow roots causing damage if planted
near drains, the use of land previously used for food production, the clearing-cutting of
the forest stands to make way for these crops, or the fact that SRC plants could possibly
have a negative impact if grown extensively as a monoculture because of the transforma-
tion of land tenure and the impoverishment of resources (Baltodano 2000). In fact, when
SRC crops plants are used to provide feedstock for heat and/or electricity, CO, produced
by a process is exactly balanced by the amount of CO, either offset or sequestered by that
process.

Current energy supply rates have failed to meet the ever-increasing demands. Many
developing countries have a great potential for expanding local biofuel market and reap the
derivative effects in relation to energy and environment on faster growing biomass like short
rotation forestry (SRF) and SRC (Raslavicius et al. 2011, 2013; Raslavic¢ius 2012). Driven by
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the rising population, expanding economy and a quest for improved quality of life, energy
usage in these countries is expected to rise at an alarming rate (Kamath 2012). Energy forestry
and energy crops lessen the environmental impact connected to energy production and
consumption and contribute to meeting country’s international obligations for the discharge
of GHG, sustainability and biodiversity.

The lack of detailed projections for SRC bio-energy results from very limited production
experience. Recently, a pilot-scale project has been implemented in Kazly Rada, Lithuania. It
provides useful information on procedures, facilities, manpower, energy and used materials,
which allows a thorough assessment.

In this paper, we present the current findings using primary unpublished data and obser-
vations from the biomass firing pilot boiler-house using different kinds of solid biomass as a
fuel. The paper also details cultivation and harvesting of SRC crops experience gathered in
Lithuania, rationality of production with an in-depth look at industrial combustion systems,
including their types and applications (Raslavi¢ius et al. 2011).

This paper is structured as follows. In Section 1, the methods for collected data analysis
are described, followed in Section 2 by original analysis of experience acquired by estab-
lishing SRC plantations gathered by means of structured interviews. Then, in Section 3, an
assessment of biofuel combustion technologies combining detailed experience narration on
the pilot project site experience and evaluation of request for proposal (RFP) responses is
provided. Finally, the main conclusions are presented in the last Section.

1. Collected data analysis

The primary data on SRC cultivation were collected through the approach that involved the
use of structured questionnaires (see Appendix A), focus group discussions at the household
and community levels, and face-to-face (in-person) interviews. Local visits were held on
April-June 2014. Obtained data constituted an input for further description of SRC biomass
potential for energy. To verify study analysis the information from Ministry of Environment
of the Republic of Lithuania and local companies was used.

The logic of “technology designs application” was based on research which raised the
important question about how far is a technology design applicable to usage. Different factors
were taken into account about the lesson-learned, demonstrating impacts, data availability,
and skills, about how to ensure efficient use of wood biomass and, in initial development stage,
how to involve stakeholders, among other factors. Part of the research have been based on
SRC biomass conversion data gathered from publications, relevant books, journals, reports,
and case studies from Lithuania and elsewhere in the developing world which provided the
theoretical basis for designing the field instruments and analysis of the data.

Evaluation of request for proposal (RFP) responses involved the collaborative efforts of
a research team. The evaluation team has been made up of scientists, co-authors as well as
Lithuanian and Ukrainian experts, with varied talents and expertise to assure impartiality.
Lithuanian suppliers, as well as suppliers from other countries submitted proposals in response to
RFP launched by KTU. It should be emphasised that some of the biofuel combustion technology
designs identified that gasification and co-firing have not previously been applied in Lithuania.
Hence, the report is for the most part conceptual analytic and methodological.
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Questions for most evaluations (Appendix A) were set by Lithuanian policy makers and
commissioners as well as scientists who incorporated some parts of methodology for country
studies from their previous works (Raslavicius et al. 2011). Different parts of evaluation meth-
odology are following the recommendations of Stilger (2012), Soroudi and Amraee (2013),
Otter (2007), Kim et al. (2011), Streimikiené (2013), Zavadskas et al. (2014a, 2014b), and
Grzybek (2010).

2. The prospects of agro-forestry in Lithuania

2.1. Solid biofuel consumption scenario, economics,
and the role of the SRC plantations

According to LEKA (2013), local fuel resources are expected to be used to meet the estimated
demand for 2020 to 2025 wood-based biofuel:

- Biofuel from SRC plantations range from 40 to 400 thousand cubic meters, depend-
ing on sustainability of support scheme to producers of this kind of biofuel, under
the condition that respectively, 2.4 to 22.1 thousand hectares of land are allocated to
these plantations.

- All industrial wood waste, 1.6 million cubic meters, are used based on the estimated
scopes of production by wood and wood product manufacturing industry and growing
volumes of wood processing.

- All fuel wood resulting from wood cutting activity, about 1.8 million cubic meters, are
used. This is based on the estimation that approximately one million cubic meters of
this wood is used for production of wood panels.

- Almost all wood remaining after grey alder site cutting is collected for biofuel produc-
tion, about 600 thousand cubic meters.

- Wood waste resulting from cutting of almost 600 thousand cubic meters of forest
wood, approximately one third of all wood waste resulting from forest cutting activity).

- About 600 thousand cubic meters of wood resulting from maintenance of green zones,
orchards, roadsides, areas around ditches, and certain amount of reclaimed wood.

- 40 to 170 thousand cubic meters of wood resulting from cultivation of forest saplings,
depending on availability of support scheme for producers of this kind of solid biofuel.

Same as for any merchandise, solid biofuel is subject to laws of supply and demand, namely,

the higher the demand, that is consumption, the higher the price. Two selected scenarios of
wood biofuel consumption were calculated by LEKA for the year 2025: “low” (730 thous. toe)
and “high” (1484.1 thous. toe). In the context of increasing demand for biofuel, supply is
provided from more expensive sources, for example, currently SRC (LEKA 2013). In case of
low biofuel demand, industrial wood waste and fuel wood are enough to produce the required
amounts of solid biofuel. These are the biomass resources that are naturally generated in the
form of by-products, irrespective of the biofuel demand (LEKA 2013). Increasing demand
for wood biomass calls for additional resources, for example, woody cutting waste, hay, grey
alder wood, etc (LEKA 2013). With the demand increasing even further, more expensive
resources are used. These require respective infrastructure and accumulation of wood waste
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that results from maintenance of green zones, orchards, roadsides, areas around ditches,
collection of reclaimed wood waste (LEKA 2013). As the demand continues to grow, use of
wood resulting from cultivation of forest saplings, SRC plantations, etc. becomes economic-
ally reasonable (LEKA 2013). It is also important to account for growing fuel transportation
costs (see Table 1) due to longer transportation distances from the fuel production site to its
consumer as the result of the growing demand for local fuel (LEKA 2013).

Table 1. Evaluation of wood biofuel production cost
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the raw material

Biofuel production 0-7.3 4.3-7.3 12-24.4  13.9-344 11.8-158 16.3-37.6 19.9-40 29.3-36.8

cost price EUR/m’ EUR/m’ EUR/m* EUR/m* EUR/m’ EUR/m’ EUR/m’ EUR/m’
Cost price components:

Salary 10% 10% 24.4% 27% 34% 49.9% 20.9% 13.3%
Investment 35% 35% 20.4% 30% 18.2% 12.8% 30.4% 28.5%
Interest 5% 5% 2.9% 5% 2.5% 1.7% 24.6% 4.2%
Fuel and oil 30% 30% 30.1% 17% 24.1% 20.3% 14.1% 23.9%
Maintenance/repair 15% 15% 17.4% 9% 17.1% 12% 7% 25.1%
Other expenses 5% 5% 4.8% 12% 4.1% 3.3% 3.2% 5%

Source: LEKA (2013).

Based on the analysis of the wood biofuel cost structure (see Table 1), it is estimated
that about 80% of money paid by biofuel consumers for biofuel will re-enter the national
economics in the form of taxes, salaries to Lithuanian nationals, forest owners, additional
income of wood processing business, farmers’ income, profit gained by the Lithuanian busi-
ness (LEKA 2013). As a result, use of local biofuel would basically be more reasonable in
economic terms compared to imported fuel, even if price of the latter was lower than of the
local biofuel in commercial, but higher in macroeconomic sense.

2.2. Experience acquired by establishing agro-forestry in Lithuania

The major experience in the Lithuania so far has been acquired in terms of establishing willow
clones/species (mainly Salix viminalis L., S. dasyclados Wimm., S. schwerinii E. Wolf., S.
caprea L., S. burjatica Nasarow, Salix x mollissima Ehrh., S. alba L., S. fragilis L.) and Poplar
(Populus spp.) plantations which are also considered as the most appropriate ones (Grigalitinaité
et al. 2013). Due to their high biomass yields, others varieties such as Alder (Alnus spp.),
Giant reed (Arundo donax L.), Birch (Betula spp.), Hazel (Corylus avellana), Eucalyptus
(Eucalyptus spp.), Ash (Fraxinus excelsior), Miscanthus (Miscanthus spp.), Black locust (Robinia
pseudoaccacia) could be mentioned as promising crops for energy purpose.
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There are three basic groups of units which produce and process SRC biomass for energy
purposes in Lithuania’s production system. These are SRC planters (farmers and entrepren-
eurs), biomass purchasing companies (participants of the biofuel exchange and individual
growers) and bio-energy production companies.

Lithuania was once under a thick forest cover which formed an over-ground organogenic
layer, forest litter. Deforestation has resulted not only in the deterioration of the soil cover,
but also affected the climate of the region. Lithuania’s “single-zone” climate to entire regions
means there is an incredibly high technical potential of energy plantations (Raslavicius et al.
2013). Usually, cultivation of SRC culture of willows and poplars as energy crops is suitable
for land owners living longer distances away from their fields or wishing to pursue part-time
farming. It is also a new possibility for traditional farmers to establish themselves in a dy-
namically expanding biofuel market without huge initial investments and maintenance costs.
The major stages of SRC plantation establishment and management for energy purposes are
as follows (Lygis et al. 2006):

- Selection of the area and soils for a plantation. Under conditions in Lithuania, the choice
of the appropriate location is the most important factor driving the biomass yields of the
energy crops. Alder (Alnus spp.), Birch (Betula spp.), Hazel (Corylus avellana), Eucalyptus
(Eucalyptus spp.), Ash (Fraxinus excelsior), Black locust (Robinia pseudoaccacia) as well as
different willow clones/species are a good choice. Poplar are particularly interesting for
the following reasons: (i) their efficient use of resources and low input demand, (ii) the
concentration of the yield in one harvest, (iii) their persistence and yield stability, (iv)
their possible delayed harvest, (v) their high biomass yield potential. Selecting an area
for a SRC plantation in Lithuania it is very important to assess the situation thoroughly
according to logistic-economic, social and ecological aspects. The soil for SRC plantations
have to be fertile and with low water-holding capacity allowed precipitation water to move
beyond the root zone, whereas the more capacious clay loam retained the precipitation
water within its root zone depth (Lygis ef al. 2006; Letey, Vaughan 2013). Rather high
potential of areas suitable for breeding of short rotation energy wood plantations is
observed in Panevézys (area — 2,178 km?), Siauliai (1,807 km?), Kédainiai (1,677 km?),
Pakruojis (1,316 km?), Pasvalys (1,289 km?), Mazeikiai (1,220 km?), Joniskis (1,152 km?),
Kupiskis (1,080 km?), Akmené (844 km?), and Marijampolé (755 km?) municipalities
(Raslavicius et al. 2013). There are many different soil types in evidence in Lithuania (sand,
sandy loam, clay, loam, etc.) that are suitable for extensive country-wide establishment of
high-yield varieties of poplar (Populus spp.) and willow (varieties of the Common Osier; S.
viminalis) plantations. It was found by Lygis et al. (2006), that the soils of higher fertility
(productivity) guarantee a higher plantation increment, therefore, before establishing
plantations in unfertile soils the economic effect must be calculated very thoroughly.
Common osier plantations can be established in the fields that are flooded temporarily
in spring (but not in wetlands) as aforementioned energy crops like consistent moisture
all season. Peaty soils hardly retain sufficient amount of moisture during dry periods,
therefore, it is not recommended to plant willows in peat bogs. Heavy, clay soils are par-
ticularly productive in Lithuania, especially when they contain high amounts of organic
matter. In the initial growth stage, willows have a tendency of weak root development, but
later the shrubs establish themselves and grow fast as such soils retain sufficient amounts
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of moisture. Under the climate conditions in Lithuania, it is best to plant willows in the

first half of May, when soil has sufficient amount of moisture and the air temperature rises

fast. Earlier planting is not recommended due to frequently occurring spring frosts. If

soil has enough moisture, a willow plantation can be bred even in the beginning of June.
The major factors regulating the area selection for SRC cultivation in Lithuania:

1) Biology of a tree species (clone, family, population);

2) Itis distinctive to the national agro-forestry practice to define the configuration of
SRC plantations in such a manner, that plantation rows do not exceed 200 meters
in length (due to convenience for transporting raw biomass) and being adjusted to
road network and other technological requirements (about 20% of the area usually
is left unplanted, for biomass drying purpose). Furthermore, the plot configuration
has to meet the basic principles of designing and managing forest landscapes to
improve their value for biodiversity;

3) Legal limitations related with agricultural development and environmental
protection. The Rules of Converting Non-forest Land to Forest (Official Gazette
2004) determinate the locations in which it is allowed to plant forest and where it
is prohibited to do that. These rules include cases when arable land is converted
into forest land. One of the most important criteria described in Official Gazette
(2004) is soil fertility and productivity. Arable land is allowed to be converted into
forest when the soil productivity index rating is lower than 32 and the purpose of
land use is changed. Usually, soil productivity does not have to be a limiting factor,
when forest plantations are established temporarily;

4) Under specific conditions in Lithuania, it is not expedient to breed energy crops
in following locations: (i) in areas where plantations could decrease the value of
natural landscape and have a negative visual impact, (ii) in recreation areas; (iii) in
areas located farther than 50-100 km from the user or local biomass collection
and distribution centre; (iv) in hilly areas, especially where slopes are steeper than
7-15% (Lygis et al. 2006);

5) It is not expedient to convert a natural forest into plantation. It is not economic-
ally sound - stump elimination and deep continuous tillage (40-60 cm) are very
expensive operations. In addition, forest proximity attracts wild hoofed animals
and price of fencing can make up to a half of the plantation establishment cost;

6) SRC plantations can be planned in the major agricultural production regions
and zones of ecological tension - as an alternative activity to intensive farming,
contributing to the maintenance and ecological balance of the natural landscape
(especially in the cases when small scale plantations are planned in the areas limited
by the licensee for conventional afforestation);

7) Mechanized harvesting of energy crops pays dividends in large-scale plantations
with the area exceeding 5-10 ha.

- Tillage. For many centuries Lithuanian farmers have gained rich experience with
cultivating more or less fertile soils. From a local context, if a plantation is established
on agricultural land, usually conventional tillage (disking, plowing and other methods)
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is used. However, those areas are often agricultural areas for food production with
higher economic revenue. Mostly forests are grown on poorer soils, including aban-
doned agricultural land where agricultural production is less productive. Less fertile
soils usually have been enriched before the artificially-established forest. Such farming
system provides alternatives for increasing soil humus as well as application of lime and
fertilizer. Both methods are able to positively influence soil compaction and yield crop
under local conditions. According to our findings, in Lithuania, soil temperature and
water dynamics have no significant differences in soil tillage patterns that could affect
SRC yields. The resistance to abiotic and biotic impacts like drought, heat, insects and
diseases for the most of the aforementioned above poplars and willow clones/species
have been widely explored in Lithuania as well (Lygis et al. 2006).

Planting material selection and preparation. According to local conditions and
collected practice, planting is performed manually (in smaller areas) or by multi
row drilling machines (in larger areas) in spring. We found that in the case when
energy crops are growing in a large scale plantations, SRC planting density ranges
from 1,000 to 20,000 pcs/ha with rotation periods from 1 to 7 years. Usually, two
main methods of cultivation are used: (i) very high density (5,500-20,000 pcs/ha;
rotation period 1-4 years), and (ii) a high density (1,000-2,000 pcs/ha; rotation
period 5-7 years).

Weed management and fertilization. The management practice of SRC in Lithuania
shows that short rotation coppice is generally considered to improve the water quality
relative to conventional agricultural crops (Lygis et al. 2006) in a given area. It’s due
to the weed control only during the establishment phase, if chemical plant protection
means are used (which reduces the organic matter input). Fertilization is performed
with reference to the data of agrochemical analyses. The types and amounts of fertilizers
depend on the soil, time of operating a plantation as well as on the amount of nutrients
carried out with the harvest (Lygis et al. 2006). If the broad-spectrum herbicide is ap-
plied after ploughing to ensure rapid establishment of the SRC plantation, fertilisation
is not normally necessary because there are enough nutrients available from the former
usage (Dimitriou et al. 2011).

Cutting and chip production. SRC harvesting consists of four main operations: cut-
ting, collection, extraction and comminution (Verani et al. 2008). Salix viminalis L., S.
dasyclados Wimm., S. schwerinii E. Wolf., and Populus spp. plantations in Lithuania
are usually cut every 3-4 years in winter after leaves have fallen. Thus, the preparation
process becomes faster, more flexible and less expensive. Under local climatic condi-
tions, poplars and willows re-grow abundantly from the remaining stumps during the
spring season. Ability to re-grow allows energy crops to be easily grown and propagated
from unrooted cuttings. Cut-and-extract or cut-and-chip harvesters that pour the
chips straight into tipper vehicles used to transport bulk products are usually used
for harvesting works in the larger-scale SRC plantations. If plantation was cut by the
cut-only or cut-and-bundle harvester, the machinery cuts the stems, laying them in
windrows or collects them in bundles, which are dropped on the field. Chipping is the
only operation delegated to a separate unit.
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3. Energetic exploitation

CO, emissions from various solid biomass fuels combustion are traditionally assumed cli-
mate neutral if the bio-energy system is carbon flux neutral, i.e. the carbon dioxide released
from biofuel combustion approximately equals the amount of carbon dioxide sequestered in
biomass (Cherubini et al. 2011). In view of huge diversity of biofuel characteristics different
technologies and methods can be applied for its combustion (Pereira et al. 2012; Ravelli et al.
2008; Yin et al. 2008). Woody biomass conversion technologies for heat and power production
are mainly gasification, co-fired and direct-fired systems (see Table 2).

Table 2. Capacity range for wood biomass combustion technologies intended to heat and power production

Technology Capacity, MW
Direct-firing
- Grate stoker boiler (stationary grate stoker, >1; usually 8-50

moving (travelling) grate stoker) max. 300 (in some cases)
— Fluidised bed combustion boilers: FBC, >5; usually 15-25

PFBC, CFB, BFB max. 300 (in some cases)
Co-firing
— Pulverized coal boiler usually 50-700

max. 1000 (in some cases)

— Stoker boiler usually <150
— Fluidised bed combustion boiler usually <150
Gasification (advanced conversion technology)
— Fixed bed gasifier usually 2-40 (thermal) and 2-15 (electric)
- Fluidized bed gasifier usually 2-20 (thermal) and 1-5 (electric)

The use of woody biomass for fuel has a long tradition in EU-27 countries, including
Lithuania. During the period from 1995 to 2013 biofuel consumption for energy production
was constantly increasing in Lithuania. In the country, firewood and wood waste makes the
main part of the cake of renewable energy resources. Therefore, SRC biomass has a huge
potential to contribute to country’s energy independence. By implementing the suitable
combustion technologies (grate-firing, fluidised bed combustion, gasification, etc.) this target
can be achieved in the decades to come.

3.1. Evaluation of experience gathered in Lithuania

Direct-firing (grate stoker). As shown in Figure 1 (AT 2014) usually modern grate-fired
boilers consist of the following elements: (i) fuel supply system, (ii) grate assembly that
supports the burning of biofuel and provides a pathway for the primary combustion air
which is supplied through the grate under the SRC biomass charge, (iii) an over-fire air
system that supplies additional air (secondary and tertiary) to complete combustion and
reduce pollutant emissions to the atmosphere, (iv) boiler unit, (v) flue gas treatment
system (bag filter, electrostatic filter, multi cyclone or combination of both), and (vi)
ash removal system.
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Multicyclone Flue gas duct

Bag filter

Ash
removal
S system

Grate stoker

Fig. 1. The scheme of pilot boiler house installation intended for different kinds of solid biofuel

Nowadays, grates of different designs are usually used: light chain wheel fire grate; level,
tilt, reciprocating fire grate; large flake chain fire grate; small flake chain fire grate; cross-
beam chain fire grate, which can be divided into two groups - stationary and moving ones.
Depending on boiler size, there could be one or several inspection doors and 2-3 or several
sight glasses (see Fig. 2) for convenient operation and maintenance of the furnace. Modern,
higher-efficiency furnace’s masonry consists of two layers:

1) Shamote based bricks layer;

2) 100-150 mm thickness refractory board.

The air streams for combustion are divided into primary, secondary and tertiary. Primary
air enters the combustion chamber through holes in the grate. The holes are designed in order
to distribute air properly across the whole surface of the grate. Secondary and tertiary air is
supplied above the layer of the fuel. A recirculation system of flue gases could be successfully
introduced into primary, secondary, and/or tertiary zones. In primary zone (beneath the
grate) recirculation helps to stabilize grate temperature. When fuel is dry, recirculation helps
to decrease grate temperature, and when fuel moisture is high, recirculation helps to dry the
fuel faster. Usually, recirculation is introduced into secondary (above the grate) and tertiary
(in the additional combustion chamber) zones and helps to regulate temperature in the
combustion chamber in order to maintain the constant temperature in various load ranges.
The volatiles are usually combusted with secondary and tertiary air which has a wide range
of regulation according to the type (moisture) of biomass-fuel being used. The combustion
process is controlled fully automatically according to the heat demand: appropriate flows’
adjustment allows to burn biofuel qualitatively, and with potentially less harmful emissions.
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Fig. 2. Views from the visual observation window of the pilot biomass-firing stoker
(fuel: wood pellets; flame temperature: 1091-1108 °C; surface (grate) temperature:
288-319 °C; temperature at 10 cm from the surface of the grate: 844-868 °C)

In burning facilities, especially grate-fired boilers, the incomplete combustion process
gives rise to higher emissions of CO, hydrocarbons (C H, ) and NO_(Yin et al. 2008). Ac-
cordingly, the design of grate assembly and primary/secondary air supply systems split ratio
plays a crucial role in the efficient and clean combustion of SRC biomass. Hence, because
new biomass fuels (for example SRC biomass) are not well-defined yet regarding their com-
bustion behaviour, fuel characterization with a special focus on combustion-related fuel
properties is a first important step for their wider introduction (Sommersacher et al. 2012).
Internal localized corrosion, formation of slag and derivative products are reported to be the
predominant failure mechanism of boilers, grate assemblies, flue gas ducts, etc. Elemental
composition of SRC biomass and its chemical exposure is shown in Table 3.

Table 3. Elemental composition of SRC biomass and its chemical exposure

Chemical element Effect on

C (Carbon) Upper heating value

Ca (Calcium) Increase in ash melting temperatures

Cl (Chlorine) HCI formation; Presence of the chlorine compounds (mixtures of different
dioxins and furanes) in the exhaust gases; High temperature corrosion

F (Fluorine) Presence of Hydrogen fluoride in the exhaust gases; Corrosion

H (Hydrogen) Upper heating value; Lower heating value

Heavy metals Hazardous compounds in the flue gas; Ash melting; Aerosol formation;

(Pb, Ni, Cd, Zn, Cr) Corrosion

K (Potassium) Corrosion in heat exchangers; Low ash melting temperatures; Boiler furnace
slagging; Aerosol formation; High temperature corrosion

Mg (Magnesium) Increase in ash melting temperatures

N (Nitrogen) Presence of NO , N,O in the exhaust gases

Na (Natrium) Corrosion in heat exchangers; Low ash melting temperatures; Boiler furnace
slagging; Aerosol formation; High temperature corrosion

O (Oxygen) Upper heating value

P (Phosphorus) Ash melting; Aerosol formation

S (Sulphur) Presence of SO, in the exhaust gases; Low temperature corrosion
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The firing of almost any type of solid biofuel like
wood materials and energy crops in combustion
utilities may suffer from severe deposition as well.
A typical deposit formation pattern from the pilot
biomass-firing stoker is shown in Figure 3.

The local practice survey confirms the research
data presented by Yin et al. (2008), that deposits
reduce both the overall process efficiency and the
heat transfer in the boiler, while corrosion reduces
the lifetime of the installation.

Fig. 3. Deposit formation pattern The design and selection of any biomass com-
from the pilot biomass-firing stoker bustion system is mainly determined by the charac-

found during the annual maintenance
procedure (Photo by A. Baleckis)

teristics of the fuel to be used, local environmental
legislation, the costs and performance of the equip-
ment necessary or available as well as the energy and

capacity needed (heat, electricity) (Van Loo, Koppejan 2008). Accordingly, the designer of
the combustion equipment and boiler plant must have the appropriate fuel assessment and
design tools. The most suitable technology package therefore can vary from case to case but
generally, due to economy of scale effects concerning the complexity of the fuel-feeding system,
the combustion technology and the flue gas cleaning system, large-scale systems use low-
quality fuels and high quality fuels are necessary for small-scale systems (Van Loo, Koppejan
2008). Other key components of biomass fired plant are stack, condensing economizer unit
(optional) (see Fig. 4), as well as associated sampling and monitoring system.

LY Flue gas exiting the
N

3 boiler

(entering economizer)

Flue gas exiting
the economizer
(entering the chimney)

Hot water exiting
the heat-exchanger
(entering the boiler)

-,

[ G condenser— M

f

Heat-exchanger

Fig. 4. Condensing economizer unit at biofuel CHP
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The main aim of the electricity producers is optimising the use of the recovered energy
(Saidur et al. 2010; Wang et al. 2012). By installing a condensing economiser as shown in Fi-
gure 4, CHP plant (or boiler house) can improve overall heat recovery (both latent and sensible
heat from the flue gas) and steam system efficiency by up to 10%. Condensing economisers
require site-specific engineering and design, and a thorough understanding of the effect they
will have on the existing steam system and water chemistry. The condensing economiser
removes heat from hot flue gases by passing them through one or more shell-and-tube or
tubular heat exchangers.

Direct-firing (Fluidised bed combustion boilers) is a combustion technology used in
power plants. FBC boilers are the most recent type of the boilers developed for solid fuel
combustion. The primary driving force for development of FBC is reduced sulfur dioxide
and mono-nitrogen oxides emissions from coal combustion. Fluidised bed combustion
systems fit into three major groups: (i) first-generation pressurised PFBC systems, (ii)
atmospheric FBC systems, (iii) second-generation PFBC systems; and two subgroups
entitled as circulating fluidized bed (CFB) and bubbling fluidised bed (BFB), respectively
(Koorneef et al. 2007; Ravelli et al. 2008; Valmari et al. 1998). The use of FBC is related to
biomass and other low-calorific value fuels that permit operating boilers without tubes in
the dense bed to avoid erosion, also in the case of BFB (Leckner 2011). The example of best
practice is Eon Stevens Croft Wood Burning Plant, Lockerbie, Scotland. This 44MWe plant
was commissioned in August 2007 and is the UK’s largest dedicated wood burning plant.
Its capacity is 475,000 t of wood (SRC willow) per year, which feed a bubbling fluidised
bed boiler (Leckner 2011).

In a case of a stationary fluidised bed boiler, combustion takes place in the bed made of
inert materials and slag. Air flow required for combustion rises, keeping the bed in a floating
state. In SFB boilers, combustion takes place in the dense bottom bed, except for tiny fuel
particles that burn in particle suspension above the bed. As a result of intensive mixing of solid
particles, combustion is rapid and uniform (non-laminar), with combustion temperature kept
below NOx formation temperature. Various fuel and fuel mixtures can be fired in fluidized
bed systems. Specific combustion technology allows firing high-ash-content fuel, including
agri-waste. Low combustion temperature prevents from NOx formation, thus keeping the
temperature below ash melting point.

One way energy crops can be used to generate electricity is in a steam boiler, which is
the same process used to convert coal to electricity (Launder 2002). The steam can be used
directly for heating purposes as well (DOE/EE-0288 2004).

3.2. Evaluation of experience gathered in EU-27 countries

Co-firing (Fluidised bed combustion boilers). One of the most attractive decisions about using
SRC biomass is co-firing with coal in existing utility boilers that generate heat energy by burn-
ing coal. It is an easily implemented and moderate investment requiring biomass-to-energy
technology. In the near term, it is the most feasible development option for introducing new
large- and medium-scale dedicated biomass power generation in Lithuania. During biomass
co-firing, the matter of biological origin can substitute for up to 20% of the coal used in the
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boiler. The SRC biomass and the fossilised carbon are combusted simultaneously. When it
is used as a supplemental fuel in an existing coal-fired boiler, plant-derived materials can
provide the following benefits (DOE/EE-0288 2004): they are more austere and less invest-
ment is needed (most of the existing equipment can be used without major modifications);
reductions in Sulfur dioxide, mono-nitrogen oxides NO and NO,, Carbon dioxide, and other
atmospheric emissions; avoidance of landfill costs; lower fuel costs. Typically technological
lines and complexes include biofuel storage and handling systems, but some facilities may
also need to add feedstock drying and size-reduction (Raslavic¢ius et al. 2011; Van Loo,
Koppejan 2008).

Direct co-firing of fuel mixtures is the cheapest, simplest and most common approach of
bioenergy production. In direct co-firing, biomass and fossil fuel are co-milled in certain
proportion and fed into the furnace. This biomass mixture firing technology can be applied
for various types of fluidised bed and stoker furnaces. Low power output (below 50 MW)
boilers are equipped with fluidised bed furnaces with stationary or moving grates. Boilers
of the high capacity come with bubbling fluidised bed (50-100 MW) or circulating fluidised
bed (CFB) (100-300 MW) furnaces.

Indirect co-firing. In indirect co-firing technology, solid biomass is first converted into
gaseous or liquid fuel by a gasification/pyrolysis reactor, and subsequently fired with coal in
a coal-fired furnace. The key advantage of indirect co-firing is separated flows of biomass and
coal. Besides, there is a wider choice of types of biomass that can be used due to gasification.
Gas can be additionally treated if it is required to reduce negative effect on performance of
the boiler. Indirect co-firing of fuel mixtures is definitely more expensive than direct co-firing,
as the former requires biomass gasification/pyrolysis reactor.

Parallel co-firing (hybrid systems). In parallel co-firing, also referred to as co-firing in
hybrid systems, biomass and fossil fuel are fired in separate boilers, with the resulting gas fed
into a common header. Considerably higher capital investment is required to build parallel
co-firing facilities than in direct co-firing. Rationale behind building new parallel co-firing
power plants is the possibility to use rather complex fuel with high chlorine and alkaline
content and separation of ash from different types of fuel. This technology reduces the risk
of slagging and fouling of heat exchange surfaces caused by specific chemical properties of
SRC biomass ash, such as high content of alkaline metals and low melting point.

Central and Eastern European electricity sectors are in general deficit of knowledge on
the newest technologies on co-firing of wood biomass (including SRC biomass) with fossil
fuels, impact of co-firing on the plant itself and ways to optimize the fuel supply chain to
avoid distortions in local biomass markets, such as competition with other electricity and/or
heat producers or other sectors using biomass (FP6-2005-TREN-4 2009). Yet, many plants
are taking the risk of testing co-firing technologies. There are about 1 000 coal-fired power
plants in Europe. The biomass share (in energy terms) is 15% in fluidised bed boilers and 10%
in other boilers. As of EU-27 countries, Cyprus, Latvia, Lithuania, Luxembourg, and Malta
lack coal-fired power (Hansson et al. 2009). Therefore, there is a need to increase knowledge
on crucial co-firing issues among market actors to allow them a sound decision on starting
co-firing of biomass and enhance optimal use of this technology (FP6-2005-TREN-4 2009).
Lithuania has a big potential to successfully introduce this technology for country-wide
energy generation.
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Gasification is a process that converts organic based carbonaceous materials into hy-
drogen and carbon monoxide rich gas, called syngas (synthesis gas) (Jansen 2011). This is
achieved by heating solid biomass in an oxygen-starved environment at high temperatures,
without combustion, with a controlled amount of oxygen (or steam). The gasifier is a spe-
cially designed reactor that heats biomass in a low-oxygen environment to produce a fuel
gas. Gasifiers are mainly characterised according to the direction of flow of feedstock, and
air or oxygen is introduced into them. The process itself is divided into two stages: (i) de-
volatilisation (temperature range 200-600 °C), and (ii) gasification of the remaining char
(temperature range 700-850 °C) (Jansen 2011). Calorific value of the produced syngas ranges
from 2 to 12 MJ/nm? (natural gas - 34-44 MJ/nm’). Fixed bed updraft, fixed bed downdraft,
circulating fluidised bed, bubbling fluidised bed, entrained flow and multi-stage gasifiers are
being commonly used for different applications. Through gasification, dedicated energy crops
could be used for electricity generation via turbines, heating and the production of chemicals
(Biomass CHP Catalog 2007). It is predicted that gasification systems could have efficiencies
double that of current combustion systems (Launder 2002). A major challenge for gasification
development, especially for new power generation, is the extremely high capital investment
required to build new facilities (Launder 2002). Unlike efficient and clean biomass conver-
sion in the high-efficiency coal boilers, current facilities cannot be inexpensively converted
to a gasification process (Biomass CHP Catalog 2007; Pereira et al. 2012; Ruiz et al. 2013).

Direct or indirect co-firing technologies can be used in gasification. In direct co-firing,
biomass is co-fired with fuel in the same chamber. Small amount of air to sustain combustion
also acts as an oxidizer of nitrogen, which usually results in low energy value (2.5-8.0 MJ/m?)
of the generated gas. Such gas can be used in heating boilers. In indirect co-firing, fuel is fired
separately from biomass that is injected with very small amount of oxygen or steam. Steam
improves gas composition by increasing hydrogen content and energy value to 20 MJ/m’.
Such gas can be used both in boilers, and in gas turbines. Gasification occurs in chambers
with atmospheric pressure or pressurized to 20 bar.

Gas generation facilities are integrated with combustion facilities, as the generated gas
mixture cannot be accumulated. Producer gas (PG) is the mixture of gases produced by the
gasification of biomass (organic material) at relatively low temperatures (700 °C to 1000 °C).
It is composed of carbon monoxide, hydrogen, CO2 and typically a range of hydrocarbons
such as methane (CH4) with nitrogen from the air (Sadaka 2003). PG can be burned as a
fuel gas such as in a boiler for heat or in an internal combustion gas engine for electricity
generation or combined heat and power. For direct combustion in boilers it is not required to
clean the producer gas. Usually, the composition of the PG can be modified by manipulation
of gasification parameters (Sadaka 2003). Gas turbines are usually used for gas combustion,
as they are more efficient and simple compared to steam turbines. Gas is usually pre-treated
prior to combustion by removing soot, tar and other adverse components. In case the gas
intended for combustion has been pre-mixed with natural gas, treatment technology is
usually fairly simple. However, gas intended for fuel synthesis (for production of fuel cells
or synthetic liquid fuels) must be cleaned of all impurities.

SWOT analysis (Strengths, Weaknesses, Opportunities, Threats) has been carried out to
identify the key strengths, major weaknesses, opportunities, and threats of the gasification
technology (see Table 4).
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Table 4. Gasification: SWOT analysis

STRENGTHS WEAKNESSES
- Use of biofuel - Syngas must undergo a series of treatment
- Decentralized power generation in small areas processes to remove tar and particles
- Ecologically clean technology — Strict quality control of the fuel is required
- Additional fuel for industry — The fuel is bulky, difficult to prepare
- Biofuel is cheaper than fossil fuel and more - Long start-up period (30 min)
sustainable - Gasifier start-up or shutdown processes
- Saving of conventional fossil fuel resources produce a considerable amount of soot that
- The fuel is easy to obtain (e.g. by growing must be removed from the system
energy crops) - High operating costs
OPPORTUNITIES THREATS
— Can be powered by different types of engines - Syngas may form an explosive mixture with
— Can use various types materials: chips (energy air when mixed in certain proportions
crops, wood pellets), sawdust, charcoal etc. - Little experience

— The technology requires comprehensive
analysis and further improvement

3.3. Evaluation of woody biomass conversion technologies

What is missing from the previous studies, however, is which biomass conversion technologies
have the impact on Lithuanian energy sector, and what limits the ability of commercialization
success for other, more advanced, technologies. What are the characteristics that are the root
of this impact? Are there fundamental differences between these technologies and others —
advanced ones - that will transform local bio-energy sector in the future?

The intent of developing a juxtaposition of the characteristics (see Table 5), presented in
sub-sections 3.1 and 3.2, is that it could lead to a better understanding of the stages of technical
development of the woody biomass conversion technologies. In this way, it might be possible to
examine the new biomass-to-energy projects before the initial ideas stage (not, as is the usual
case, in the pre-Tender stage, which includes two sub-stages: appointment of consultant, and
preparation of detailed project report) to determine their potential advantages and weaknesses.
A more accurate assessment and comparison of biomass conversion technologies can be
made using a variety of multicriteria methodologies (Scott et al. 2012; Hashemkhani Zolfani,
Saparauskas 2013; Yazdani-Chamzini et al. 2013; Zavadskas et al. 2014a; Bagocius et al. 2014;
Kildiené et al. 2014; Tamosaitiené, Gaudutis 2013).

The technical characteristics given above are not necessarily unique to all types and
possible modifications of the aforementioned biomass conversion technologies. However,
in many instances, (like in the case of gasification), the lack of specific knowledge have
created situations that were previously impossible to be solved (to reach their technical
accomplishment and execution of a commercial-level) without the aid of numerous R&D
activities in which developers do not capture all of the economic benefits that the tech-
nology provides. Furthermore, even though other technologies like biomass gasification
may have sustainability impacts similar to direct-firing, currently grate-firing of biomass
in Lithuania has greatly amplified its effects to the point of entirely overshadowing any
other technology’s impact.
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Table 5. Juxtaposition of woody biomass conversion technologies

Grate firing  Fluidized bed  Gasification =~ Co-firing
technology* combustion  technology*** technology****

technology**
I 8 =
Characteristics 5 = 2 3 =
vt o0 2 bS] = 5
o0 o0 2 ) ) o
= 2 8 f. 13
o] ] . 5 sy &=°
= 5 @ @0 g T 22 X0
£ 5 & 5 &2 2 £8 3E
1 DESIGN
Design simplicity ) P ) (-] (-} P o)
Design compactness D a7 D & (=) D )
Cheaper investments ) b (-] (-] 0 00 P @D
2 OPERATION
Control of combustion process D b
Response to load change =] + + + )
Start-up/stopping time D D D
Reliability D D D D (-] © D )
Simplicity of handling (-] ) ) (-] (=] ) )
Operation experience D @ & () ) b
3 FUEL
Flexibility to fuel moisture D DD DD O e e DD
Flexibility to fuel fraction size P D O BDP D PP DD e DD
4 EFFICIENCY
Efficiency of fuel combustion ] ] PP PP PP PP PP DD
Control of air surplus D D N
Capacity of air fan & 6
Load uptake (] e
5 ENVIRONMENTAL
Prevention of NO, formation P PP PP &) &) P P
Option of reducing sulphur oxides ) DD N ) D G
Solid particles emission + (-] (-] + + + +

Note: “4)” indicates advantage, “€” indicates disadvantage, “empty” not distinguished.
* — Co-authors presenting new scientific findings (data from pilot boiler-house).
** — Co-authors presenting new scientific findings and experience gathered in Lithuania.
*** _ (Biomass CHP Catalog 2007; McKendry 2010; Pereira et al. 2012; Ruiz et al. 2013; Stiegel, Maxwell 2001).
% _ (Biomass CHP Catalog 2007; Raslavicius et al. 2011; Van Loo, Koppejan 2008).

Conclusions

The concept of cultivation and energetic exploitation of biomass from SRC has and will
continue to be an important component of the development of a supply chain to energy se-
curity and a low carbon transition in many developing countries in general and in Lithuania
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Fig. 5. The key research achievements of the pilot-scale project

in particular. The extension of previous conceptualisations of SRC biomass acceptability is
provided in light of progress and recent trends within the mentioned above areas. The key
research achievements of the pilot-scale project are presented in Figure 5.

SRC biomass is being applied in new and innovative ways to heat buildings and generate
electricity. This has led to a growing biomass energy industry worldwide. Future growth of the
industry will be shaped by different challenges and opportunities such as cost competitiveness
of technologies, transmission issues, huge untapped potential, environmental concerns, gov-
ernment policies, and competing demands for biomass feedstock. Biomass energy has some
environmental impacts. The emissions depend on the choice of biomass materials and the
technologies and pollution controls used. The development of large-scale energy crops, such
as willow and poplar SRC, for the production of biofuels could lead to decreases in pesticide
and fertiliser use that are harmful to wildlife and habitat as well. The number of boiler-houses
using wood waste as fuel is increasing fast in Lithuania as wood fuel is relatively cheap and
hardly pollutes the environment. The growth of demand in the wood waste market may result
in an increase of demand for this type of fuel in the nearest future. On this understanding,
plantations for energy purposes have future in order to satisfy energy needs and further de-
velopments in sustainability.
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APPENDIX A

Questionnaire for socio-technical knowledge management

Prepared in accordance with Raslavi¢ius et al. (2011)

Commune data

The most important information about the commune was gathered in table below
(see Table A-1). Partially, the data has been used to verify data collected during questionnaires

survey (see Table A-2).

Table A-1. Commune data sheet

Commune Province
Type of commune Rural
District
Commune area km?
Percent of district area %
Arable land %
Forests %
Population of the commune people
Population density people/km?
The average per capita income in the commune EUR
The degree of forest cover area %
Density of road network km/km?
Commune office tel.
fax
Table A-2. Questionnaire form
No Question
1 If you own a farm, what is the specialty (what is the main source of income

from the activity)?

If you own a farm, what is the area in ha?

How do you heat your house?

What type of fuel do you use to heat the house?

G| W

Is the house well heated in winter (do you obtain appropriate temperature
in whole heated area of the house)?

What is the heated area of the house?

How do you heat water?

Did you perform a thermo-modernization?

O[]

How much on average do you pay for electricity per month?

10 Would you be interested in energy crops cultivation (i.e. energetic willow)?
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Continued Table A-2

No Question
11 Do you cultivate following energy crop:
- Willow: ha,
- Miscanthus: ha,
- Poplar: ha,
- Alder: ha.
12 What kind of support would you prefer to decide on pro-ecological investment i.e.
biomass boilers, biogas plant, biofuels plant?
13 Would you invest in own source of electric energy?
14 What kind of heat source is the most interesting for you?
15 What is the annual cost of heating a house and water and possibly farm buildings?

16 Would you be interested in:
- Boiler for biomass,
- Biofuels production,

- Biogas plant.

17 How much would you invest in new (or additional) source of heat to reduce heating costs?

18 Would you like to invest in order to reduce the environmental pollution?

19 What financial support would make you interested in joining the municipal program
supporting investment costs related to biofuels production?

20 Do you use the heat for other purposes than heating the house and water?

21 Do you know what kind of services are available in your Commune?

22 Have you ever used advisory services with regard to biomass for energy use?

23 What kind of services and support would you like to receive in the Commune
with regard to biomass?

24 Would you be interested in agro-tourism?

25 If you would like to own an agro-tourist farm, do you think that energetic use of biomass
would attract tourists?

26 Do you have modern solutions in heating system?

27 Are you satisfied with modern solutions with regard to electricity/heat production

and saving?
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