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Abstract: The paper is focused on use of renewable energy sources for energy production with special attention
paid to the biomass wastes. Type and potential of wastes biomass, which can be used for production of electric
and thermal energy, were generally characterized, use of the biomass as energy source in Poland was discussed,
existing reserves were estimated and basic strategic-and-legal acts, which refer to the considered problem were
presented. A type of possible activities to increase the amount of alternative energy produced in Poland, in the
light of requirement to achieve a determined ecological-and-energy target resulting from international agre-
ements and EU legislation, were indicated.

INTRODUCTION

Increase of using renewable energy sources (RES) is one of directions in Polish energy
policy. This activity reflects world and European tendencies to protect natural environ-
ment, to save natural resources and to diversify sources of energy. Attention should be
also paid to the sogial background of activity connected with extending labor market in
renewable energy sector.

To reach the above-mentioned objective, besides a determined potential of RES, the
real methods to use this potential, based on the proper organization of markets of “green”
energy production and distribution, must exist. Legal and political mechanisms, which
aid and stimulate considered sphere of activities play a very significant role.

Biomass plays a significant role in production of renewable energy in Poland. To
popularize biomass as a source of energy, it is necessary to balance its amount and to
assess real possibilities of its usage, with special attention paid to production areas, where
the biggest reserves are. Legal regulations referring to RES, as regards their impact on the
“green” energy market, should also be analyzed.

MAIN ASSUMPTIONS AND OBJECTIVES OF POWER-AND-ECOLOGICAL
POLICY IN POLAND ASSOCIATED WITH RENEWABLE ENERGY SOURCES
AND THEIR REALIZATION

Due to the strategy for renewable energy development in Poland [35], the use of rene-
wable energy sources leads to significant ecological-and-power effects, among others it
enables to reduce air pollution, to limit emission of greenhouse gases (and to implement
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decisions of international protocol referring to climate changes [20]) or to reduce the
amount of produced wastes. The mentioned strategy is in accordance with the power po-
licy in Poland till 2025 [15] (consistent with principles of National Development Plan for
2007-2013 [45]), which determines a type of activities whose objective is to secure na-
tional energy balance, to increase the economy competitiveness and its energy effective-
ness as well as to protect environment against negative effects of activity associated with
production, transfer and distribution of energy and fuels. The Energy Law [39] describes
principles for shaping the national power policy, conditions for supply and use of fuels
and energy. Also Decree of Minister of Economy and Labor [16], which among others
determines legal and financial mechanisms aiding investments associated with RES, is a
document prepared to ensure development of power industry based on renewable sour-
ces. Acts on supporting thermo-modemization investments [40] and on financial support
of investments [41], which among others determine the rules of promotion and support
investments realized for the purpose of environmental protection, are also of significant
importance for renewable energy sector.

There are the following quantitative targets as regards power-and-ecological policy

in Poland, associated with popularization of application of renewable energy sources:

—  reduction of greenhouse gases emission by 6% within 2008-2012 in relation to
the base year 1988 [20],

—  portion of RES in production of energy in the following amounts [15, 35]:
*7.5% in 2010,

* 14% in 2020,

—  portion of electric energy, produced from RES, in a total national consumption
of electric energy is [16]:

*2.2% in 2005,
*2.6% in 2006,
*3.2% in 2007,
*4.0% in 2008,
* 5.3% in 2009,
* 7.5% within 2010-2014,

—  portion of electric energy, produced by power plants from RES, in a total amo-
unt of energy sold to end consumers, is at the following levels [29]:

* 3.1% in 2005,
* 3.6% in 2006,
* 5.1% in 2007,
* 7.0% in 2008,
* 8.7% in 2009
* 10.4% within 2010-2014,

—  5.75% portion of bio-fuels on gasoline and diesel oil markets till the end of
2010 [3], what resulted in assuming targeted indices according to the caloric
value of biocomponents in fuels used in transportation at the following levels
[23]:
+0.5% in 2005,

* 1.5% in 2006,
*2.3% in 2007,
« targeted values for 20082010 have to be agreed on till 15" June 2007,
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— 4% portion of electric energy produced from biomass in the scale of national
energy consumption till 2010 [16],

—  Increase of weight ratio of burnt biomass, which does not come from forest pro-
duction and wood processing in production units or in hybrid system according
to decree [29], to the following levels:

* 5% in 2008,

* 10% in 2009,

*20% in 2010,

*30% in 2011,

*40% in 2012,

* 50% in 2013,

* 60% in 2014,
what enables to include the energy produced there, calculated according to the decree
[29], to renewable energy.

Comparing the mentioned-above assumptions, with results obtained in 2005, it can
be said that realization of set tasks proceeds in accordance with a plan that was pre-
viously determined [10]. Till 2004 emission of greenhouse gases dropped by 31.7% in
comparison with 1988 (excluding absorption by biosphere), what proves that obligations
within the climate convention were even exceeded (due to the climate policy regulation
in Poland [19], it is predicted that considered emissions will be reduced by about 40% till
2020). As regards the market of bio-fuels or other renewable fuels, an index of biocompo-
nents portion in fuels used in transportation, of approximate value of 0.48%, was reached
in 2005, what meets the set target of 0.5%. At the same time it is assumed that systematic
growth of considered parameter in the next years will enable meeting the obligations in
this range. Also, when comparing a share of electric energy, produced from renewable
sources, in a total amount of energy sold to end consumers in 2005 (3.46%) with a set
target equal 3.1%, it can be said that assumptions were even exceeded.

Taking into consideration a total balance of renewable energy, which includes elec-
tric energy, thermal energy and production of liquid, solid and gaseous biofuels (biocom-
ponents), it can be said that currently biomass (Tab. 1) is the main source of renewable
energy. As it can be seen in Table 1, it was estimated that in 2005 a portion of energy
obtained from biomass in a total renewable energy was about 91.5%, while the energy
produced in all RES was about 5.43% in a primeval energy balance (5.55% according to
[10]), what in a context of achieving the assumed level of 7.5% in 2010 and 14% in 2020
forces the necessity to look for any reserves in energy production process. On the Polish
renewable energy market water energy plays a prevailing role (about 90% in 2005), how-
ever, it is assumed that till 2010 the share will have changed, so that in a total portion of
electric energy produced from RES, which is planned to be 7.5%, about 4% will be from
biomass, 2.3% will be from wind energy and 1.2% from water energy [16].

POTENTIAL OF BIOMASS AND ITS USE IN POWER INDUSTRY

Due to directive of the Minister of the Environment [29], biomass is a “solid or liquid sub-
stance of plant or animal origin, which is biodegradable, and which comes from products,
wastes and residues of agricultural or forest production and also from technologies, which
process these products as well as part of remaining wastes which are biodegradable”.
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Table 1. Production and use of energy from renewable sources in Poland within 19992005 according
to energy production sources [1]
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2001( 170.7 | 160.4 | 8.4 | 0.04 | 0.13 | 3360 |3769.8| 5.08 | 4.53 | 4.77 | 4.25| 94.0
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— values determined by EC BREC [27]

Within the so-called clean biomass of zero carbon dioxide emission, the following
can be distinguished [28]:

—  plants and their parts;

—  biomass wastes, e.g. from forestry, woodworking and wood processing, paper in-
dustry, manufacturing of wooden objects and constructions, used wood, bone-meal,
fats, oils and animal suet, foodstuff wastes, sewage sediments, biogas;

—  biomass fractions and materials of mixed composition, among others: biomass frac-
tions of paper, cardboard, municipal and industrial wastes;

—  fuels whose components and intermediate products were entirely produced from
biomass.

The need of balancing the biomass as regards its availability for power purposes
and distance from burning sources was emphasized in assumptions for power policy in
Poland [15]. Quantitative estimations of energy produced from each renewable source
(including biomass) are carried out, among others, by Central Statistical Office and EC
Baltic Renewable Energy Centre (EC BREC). Due to the information provided by the
first institution, a portion of energy from biomass in total energy production and con-
sumption in Poland within 19992005 had a growth tendency till 2004, while in 2005 a
small decrease of the analyzed parameter was noticed (Tab. 1).

There are large divergences in determination of technical potential of energy, which
is possible to be obtained in Poland from RES (including biomass), while estimations
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made by EC BREC were found to be most rational in strategy for development of re-
newable power industry [35]. Statistics made by institutions mentioned above referring
to 1998 [6] and 2002 [25] are presented in Table 2. On the basis of their analysis, it can
be seen that the potential of solar energy significantly decreased in that period of time,
what was the main reason of decrease of total portion of RES in a total consumption of
primeval energy (from about 62% in 1998 to about 46% in 2002). On the other hand, as
regards biomass, it can be noticed that despite reduction of its resources by 140 PJ in 2002
in relation to 1998, its portion in total potential of energy produced from RES increased
(from about 36% in 1998 to about 43% in 2002 — Table 2), with simultaneous, almost
constant level of biomass potential in relation to total consumption of primeval energy
(about 22% in 1998 and about 20% in 2002 — Table 2). Comparing technical potential
of biomass estimated in 2002 (755 PJ — Table 2) with the amount of energy produced at
its presence (about 163.3 PJ — Table 1), it can be noticed that its average use was about
21% (the same value was also presented in [44]). According to the data from EC BREC,
when comparing biomass potential with amount of energy produced from biomass, even
lower proportion is obtained. Comparing production of energy from biomass at the level
from 1999 — 101.8 PJ (Tab. 1) with its potential determined in 1998, i.e. 895 PJ (Tab. 2),
estimated consumption of biomass for power purposes in the amount of about is 11%
obtained. Due to the above, it can be noticed that there are still large, unexploited reserves
on the biomass market.

Table 2. Technical potential of RES and use of primeval energy in Poland [6, 19]

S .Of Share of . .Of Share of
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Biomass | 895 2 755 20
WEer 43 1 49 1
energy
Geo-
thermal 200 5 220 6
resources 4070 36 3768 43
i 36 1 281 5
energy
Solar 34 33 445 12
radiation
Total 2514 62 1750 46
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According to the strategy for development of renewable energy [35], it is predicted
that use of solid biofuels (wood and straw) for power purposes will increase in the forth-
coming years. According to the climate policy [19], apart from a type of biomass, which
was mentioned above, the attention is also paid to a development of straw plantations for
production of energy and production of liquid motor biofuels. On the other hand, increase
of portion of biomass from biomass crop for production of energy as well as waste bio-
mass and biomass which comes from sewage sediments, is emphasized in the information
prepared by the Institute for Global Environment Problems and Climate Changes [10].
Broader use of biomass contained in municipal and industrial wastes (excluding plant and
animal production) for energy production is one of power policy assumptions for Poland
till 2025 [15].

POWER USE OF BIOMASS WASTES

Among biomass wastes, which can be used for power production, first of all we can dis-
tinguish waste wood, straw and other plant wastes, wastes from farm and food industry,
wastes produced during animal breeding, organic municipal and industrial wastes.
Power use of basic types of wastes, which estimated share in a total energy produced
from biomass, is presented in Table 3. Difficulties in getting suitable amount of biomass
in a given area (dispersion of places of production), storage and transportation (biomass
should be transported for a distance not longer than 50-80 km [33]) are the limitations in
arational use of biomass. Due to the above, the wastes are mainly used locally and produ-
ce the greatest economic and ecological benefits when they are used close to the places of
their production, e.g. when they are used to heat the houses or in local heating systems.

Table 3. Power use of biomass in 2003 according to the Energy Market Agency and EC BREC [44]

Amount of produced Sha.re O BGiy 'fr(.)m
a given source in its
Source of energy a4 summary balance
PJ %
Firewood (280 thousand of heated buildings) 146.0 88.9
Wood wastes from industry in co-production 9.0 55
systems
Wood wastes in heating systems (180 systems) 7.0 43
Straw (households and heating systems (0.1-7 10 06
MWt)
Biogas from sewage sediments (32 objects) 1.0 0.6
Landfill gas (25 objects) 0.3 0.2
Total biomass 164.3 100.0

Firewood and wood wastes

According to the European Union’s assumptions [46], it is predicted that share of energy
produced from wood in a total energy produced from RES should reach the level of 46%
till 2010. Wood wastes, which are used in a power industry, first of all come directly from
forests and industry involved in woodworking and wood processing, but they can also be
obtained from orchards and other green areas.
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According to reports from the Central Statistical Office, the area of forests in 2004
was about 8.97 mln ha, which equaled 29.9% of land in Poland [2]. According to plans
published in a strategy for development of renewable energy [35], further increase of
afforestation in Poland up till the level of about 33% in 2025 is assumed. Department for
Agriculture and Environment Statistics estimates that the amount of firewood obtained
in 2004 (coniferous and broadleaved firewood as well as small-size firewood) was about
3.4 min m? [2]. In relation to statistics published directly by the General Management of
National Forests [51], it can be found that the predicted amount of firewood and small-
size wood to be obtained from national forests in 2005 was about 3.8 mIn m?* and about
3.9 mIn m?® in 2006, and its planned consumption equal about 2 mln m? (the data are con-
sistent with the data published in [32], where the base of firewood from care cutting was
estimated for about 2.2-2.8 mln m® and for 1 mln m® from clear cutting).

Higher estimated values refer to technical potential of wood, which can be used in
power industry. According to a strategy for renewable energy development [35], it has
been recorded that about 2—2.5 mln m?/year of wood wastes remain in forests due to li-
mited demand, what, when considering their real use at the level of about 2 mIn m?*/year,
enables to balance their potential use at the level of about 4-4.5 mln m*. Even a higher
value was presented in [11] where the author, referring to the General Management of
Public Forests, talks about potential of wood, which is suitable for power production in
the amount of 6.1 mln m*/year (what corresponds to the energy of about 41.6 PJ) and in
[8] where potential of forest biomass was determined to be 101 PJ.

There are also significant differences as regards a potential of wood from the in-
dustry. Assuming that power industry uses about 40% of total amount of waste biomass
produced by wood industry, which is estimated to about 6.8 mln m?, 2.7 mIn m? of wastes,
which can be used for energy production [11], is finally obtained. Estimation of volume
of wastes, which are generated in wood industry, can also be made, assuming that even
up to 60 m?® of side products is produced [8, 33] (about 10 m* of bark, about 15 m? of
branches and timber, about 20 m? of chunk wastes, about 15 m> of sawdust and cuttings)
after processing of 100 m? of wood.

So, in the case of logging of about 15.6 mln m* of wood for production purposes in
2005 (summary volume of medium-size coniferous and broadleaved firewood (14.3 mln
m?®) and small-size firewood (1.3 mIn m?) [2] for industrial processing), assuming that
about 60% of initial volume are the wastes obtained during woodworking, the portion of
wastes equals 9.4 mln m?®. Assuming further that about 40% of mentioned-above wastes
are planned for production of energy, we obtain about 3.8 mln m? of wastes (according
to [8] about 3.2 mIn m? of wastes, used for production of energy in wood industry, were
produced in 2001).

Besides the mentioned types of waste wood, also wastes from fruit farming of tech-
nical potential of about 57.6 PJ [8] and wastes from urban green areas should be taken into
account in a total waste wood which can be used for energy production. Total potential of
wood from forest industry and fruit farming is estimated at about 158.6 PJ [24], while in
the case of waste wood and wood wastes from forestry, fruit farming, wood industry and
urban green areas — about 270 PJ per year [54].

Real use of wood biomass for energy production is significantly smaller than its
potential and can be estimated at the following level:
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—  about 50% of wood logged form forests (about 32% of wood of water content
20%, given in [8]),

—  about 32% for wastes from fruit farming [8].

Only wastes from woodworking are used entirely.

Wood biomass can be burnt directly (mainly chips and briquette sawdust), co-in-
cinerated with coal or used for production of liquid fuel (methanol). An estimation of a
total number of installations, which were adapted for burning the wood in Poland in 2002
is given in Table 4.

Table 4. Structure of renewable energy production in Poland in 2002 [46]

Production {Production Estimaied
S Power | of electric | of thermal total.
ource of Specifigation .Number of — eneray production
energy installations of energy
MW GWh PJ PJ
Heat and power stations
fired with wastes from 5 600! 500! 50! 6.8
cellulose-and-paper industry
and furniture industry
Thermal power stations of
high power fired with wood 180! 450.0 - 6.75! 6.8
(> 500 kW)
Thermal power stations of
high power fired with straw 65! 92.0! - 0.92! 0.9
(> 500 kW)
] i Boilers of small and medium
Biomass®| - et fired with wood (< | 110000' | 5500! - 59.4! 59.4
500 kW)
Heartis Glomall powerised| yoenp |agmmay| - 39.4! 39.4
for wood burning
Boilers of small and medium
power fired with straw (< 150! 23.0! — 0.23! 0.2
500 kW)
Municipal biogas stations 32 61.5 38.0! 0.45" 0.6
Biogas stations fed with 25 26.5! 2231 020! 03
landfill gas
Total 285457 11128 560 112.3 1144
Other RES 5711 659 2336 0.6 9.0
Total energy production from RES 291168 11787 2896 112.9 123.3

I — estimated data,
? — without liquid biofuels

Straw

Straw is a significant source of renewable energy. Surpluses of straw of all types of corn
used in plantation and animal breeding (as feed, bed, manure) and canola, buckwheat,
horse bean or sunflower straw, which are useless in agriculture, can be used in power
industry. According to the EU prognoses, it is assumed that portion of energy produced
from straw in a total energy produced from RES in Poland will equal 9% till 2010 [46].
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The amount of straw produced per year which is not used for animal breeding and
fertilization is estimated at the level of about 6-11.8 mIn Mg (about 6 mIn Mg according
to [8], about 11.8 mIn Mg (195 PJ) according to [11], 131.1 PJ according to [34] with re-
ference to the Institute for Buildings, Mechanization and Electrification of Agriculture).

A significant increase of power obtained from RES, including straw burnt in thermal
power stations and boilers (from about 20 MW in 1999 to about 115 MW in 2002) was
observed in years 19992002, but during recent years such high increasing tendencies
were not found [46].

Increase of interest in use of straw can, among others; result from the fact that since
1983 its production has been exceeding a demand in agriculture. Significant oscillations
in straw harvest (e.g. in 2000 the amount of straw useful for power industry was about 3
min Mg, and in 2001 it was 11.6 mln Mg [8]) are considered to be the difficulties in an
increase of investments in power industry sector based on straw, what is connected with
the necessity of making reserves for the years of lower harvest. Differences in the amount
of straw, which is possible to be obtained for power purposes in each region of Poland,
should also be emphasized (e.g. from the analyses conducted within 1999-2001 on a
voivodeship scale it results that the biggest potential of straw was in Wielkopolskie and
Kujawsko-Pomorskie Voivodeships, while the straw shortage was in Podlaskie and Ma-
lopolskie Voivodeships [8]). As there can be significant differences in amounts of straw
in relation to significantly smaller areas (e.g. communes or districts), these estimations
should be made on a micro scale. Cost-effectiveness of straw transportation only at rela-
tively short distances (up to 30 km for round straw pallets and up to 100 km for cubical
straw pallets [13]) is also the reason speaking for determination of straw potential for
local production of energy. '

In general, burning of straw is realized in boilers of small and medium power and
installations of high power (Tab. 4) or, in the case of intermediate solution, in boilers of
small power which complements coal fired boilers. Due to difficulties in balancing the
straw resources and estimating its real use in power industry, power reserves referring to
the considered raw material cannot be explicitly assessed. Comparing the cited potential
of straw in the amount of about 131-195 mIn PJ with its real use (e.g. at the level of 50 PJ
in 2001 according to [9], in reference to Table 4 only in 2002 about 1.1 PJ,and 3 — 1 PJ in
2003 — Table 3), a very wide range of power use, from about 0.5-38%, is obtained.

Biomass wastes used for production of biogas
Biogas is produced in a result of anaerobic fermentation of cellulose, plant wastes, animal
dung and sewages, which takes place mainly in sewage treatment plants, disposal sites
and farms. Its power potential is estimated in the range from about 34 PJ (including about
15.2 PJ from agricultural biogas and about 11.5 PJ from landfill biogas [11]) to about 37.5
PJ [34]. The area of a potential power use of biogas is very wide and includes, among
others, production of electric and thermal energy in combined units, delivery of landfill
gas to the gas systems or use of biogas as a motor fuel. Ecological benefits, associated
with a reduction of methane emission to atmosphere, reduction of waste disposal costs
and decrease of contamination of soil, groundwater, surface tanks and rivers, result from
construction of the installation for biogas production.

As it was already mentioned, biogas can be obtained from municipal wastes (so-
called landfill gas). It is estimated that from 1 Mg of wastes, which are degradable, about
























