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Also for the biomass derived from agricultural crops it is found a considerable
potential, despite having only about 30% of these crops usually is used as biomass
for energy needs. Thus, within the study it was concluded that from the remains of
cereals it can be produced 438.940 t/year of solid biomass, while from green plants
and fodder it can be produced about 38,506,554 m®/year of biogas.

Another type of analyzed biomass is livestock farming biomass. It was found that
even after excluding the amount which is currently used for the needs of the

fertilizer, the amount of remaining of fertilizer would be enough for generating
179,073,930 m*>/year of biogas.

Other types of analyzed biomass are biomass from orchards and vineyards, biomass
from waste wood industry and sawmills and biomass from municipal waste (urban
waste). In the relevant sections of the study is determined that from orchards and
vineyards can be produced 17,356 t/year from pruning waste, from the timber
industry and sawmills 40,367 m?®/year, while from urban waste it can be utilized
around 264,309.08 t/year (as currently collected) respectively 606,000 t/year (if it
is collected the entire generated amount).

A detailed analysis has been made about the amount of electricity and thermal
energy produced in the co-generation plants using different types of biomass.
Results are calculated by taking into account that the whole potential is used only
for the production of electricity, or only for the production of thermal energy or for
both, electricity and thermal energy.

One of the very important goals of the current study was the assessment of the cost
of energy production from various types of biomass for purposes of comparison
with the cost of producing energy from fossil sources. Although it is very difficult to
be done such an analysis in generalized form, in this study are given orientation
costs based on the cost of investment, operation and maintenance cost and cost of
biomass. The results obtained show indicative values for typical technology of
primary energy conversion of biomass into electricity, thermal energy or combined
production (co-generation).

At the end of the study it has been made an analysis of the possibility of fulfillment
of the set targets for energy production from biomass and it has determined that in
case of utilizing the identified potential, even partially, the realization of such targets
can be easily fulfilled.
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extract, analyze and use relevant data is given at the beginning of the relevant
chapters in the framework of which has become the treatment of types of certain
biomass.

Depending on the adopted classification it is defined the methodology of evaluation
of the energy potential of different types of biomass. The assessment methodology is
based on the evaluation of existing studies, in analyzing the situation on the ground,
official data and interviews with representatives of relevant institutions and
companies that their activities are involved in biomass inventory situation or which
have the potential for the production of biomass.

Before identifying the potential of biomass within this study, it was made
classification of existing biomass in Kosovo, based on relevant international
standards, literature, existing studies in Kosovo and field researches.

Based on this, biomass in Kosova could be classified as:

e Biomass from forestry

e Biomass from agriculture crops

¢ Biomass from orchard and vineyard

e Biomass from livestock farming

e Biomass from industrial timber residue

e Biomass from urban waste
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Table 1- Type of trees in forest of Kosova and their volume

Volume m?

Type of trees Type of trees according

(in English) (in Latin) NFI-II

White oak Quercus cerris 4,282,000
Sessile oak Quercus petrea 3,669,000
Oak Quercus sp 1,292,000
European Beech Fagus sp 18,524,000
Other broadleaves - 6,750,000
Silver fir Abies Alba 1,573,000
Spruce Picea abies 1,840,000
Pine Pinus sp 2,502,000
Other conifer - 77,000
Total 40,509,000

Determining parameter for calculation of allowed cutting of timber according to the
sustainable development criteria is annual growth. According to NFI-II, annual
growth of timbers with diz = 7cm is 1,556,000m®. Long-term net maximal rate of
allowed cutting for Kosova, based on the same document is 1,200,000m?, but having
considering of unavailable area (difficult terrain) and restrictions for cutting in
national parks (cutting in the national parks is allowed only on selected area) this
rate of cutting has to decrease. But in the document NFI-II it is not specified how
much has to be the decrease of this rate, and this remains an open option. On the
other document for NFI-I, the allowed level of cutting of timbers in the forests is
given the figure 900,000m>. For our study the allowed level of timber cutting is
taken in consideration the value from the actual inventory of forests NFI-I],
1,200,000m*. Having in consideration that 95% of actual consumption of wooden
biomass is used as timber for fireplace at the household for heating purpose and
only 5% is used as technical timber3, therefore from total amount of allowed cutting,
1,140,000m> is used at households for purpose of heating while the 60,000m’
remains to be used for purpose of wood industry. Therefore for purpose of energy
needs is biomass volume 1,140,000m>.

3 L. Norden et. al.: Studimi i sektorit pyjore té& Kosovés 2013, ORGUT Consulting AB, Sweden
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Another source of biomass is from the residues from tree cutting and the dead
standing trees (e.x from any tree disease). There are different data for the stock of
biomass from tree residues. Based on the international literature?, the remains from
the tree cutting (branches and other tree parts) present around 21% of the gross
mass of trees on the forests (the part of tree without stub and roots). The other part
75% present stub with peel that could be utilized for the need of wood industry or
the firewood for household, and the remaining 4% of total mass of tree are the
leaves. At this balance are not included stub and roots which from technical point of
view, utilization could be used as biomass source with very high costs. Beside this,
the utilization of stub and roots is not recommended because of ecology reasons>.
On the other hand, the leaves usually are not considered as a useful source of
biomass. This is not only because of their small share of the total exploitable
biomass but also because of the large content of nutrients important for the
sustainable development of forests and biodiversity conservation®.

In regional studies about the potential of biomass from forests it is reported a
similar share of residues from tree cutting on the total mass of cut trees,
respectively between 15 up to 22%7.

In order to evaluate the consistency of data for dead tree given in NFI-II report, in
the present study it is made an assessment of residues starting from the annual
cutting of forests in Kosovo reported. According to NFI-II this cut amounts to
1,600,000m> per year (about 33% higher to the allowed cutting). If it is considered
that 21% of this amount remains at the forest area then it appears that the amount
of waste in the forest every year is around 336,000m’. Because of the difficult
terrain the amount that can be used is only 80%, therefore it turns out that the
annual potential of utilization of wood residues in forests is around 268,800m>.
This amount is quite close to the value of dead lying tree from the report NFI-II. But
this represents the actual amount of residue, thus in the condition where cutting is
happening over allowed quota of about 1,200,000 m>.

Such a condition of forest cutting is not sustainable in the long term, therefore the
potential of wood biomass from forest residues, for the purposes of the current
study will be calculated based on the allowed rate of cutting. Thus, the annual wood

residues that could be utilized are calculated to be in the amount 0.8 x 0.21 x
1,200,000 =201,600m".

4 Richardson, J. et.al: Bioenergy from Sustainable Forestry, Kluwer Academic Publishers, New York, 2002

> Richardson, J. et.al: Bioenergy from Sustainable Forestry, Kluwer Academic Publishers, New York, 2002

® European Environment Agency: Environmentally compatible bio-energy potential from European forests,
Copenhagen, 2007

77, Vasiljevic: Potentials for forest woody biomass production in Serbia, Thermal Science Journal, Beograd, 2014
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On the other side, the dead standing trees reported in NFI-II in quantities of
556,000m® can be calculated as the potential of wood biomass. But, for the planning
of new energy potentials, it is reasonable to consider that such potential can’t be
used immediately, but within a (10) year period which corresponds to the period
between forest cleaning and pre-commercial forest cutting. Therefore, for the

purposes of this study, potential of annual dead standing trees is considered to be
55,600m°.

Another source of wood biomass from forests represent trees obtained through
cleaning (release) is pre-commercial cutting which is expected to be taken in
periods of (10) years in order to create conditions for normal development of
forests. Pre-commercial cutting is usually recommended for forests younger than
(20) years. The forest area younger than (20) years in Kosovo reported in PCI-II is
144.400 ha, but in the same document it is emphasized that the forest area which
needs a kind of forestry (cutting care) is 119,400ha. The amount of wood biomass
that can be gained from such a process depends on many factors such as the
condition of the forest, the type of trees, their annual growth etc. In official
documents are not provided such data, but the study of the World Bank-PROFOR®
program is that the average volume that can be obtained from pre-commercial
cutting is 14m®/ha. Therefore, the total volume that can be obtained from pre-
commercial cutting is 119,000 x 14 = 1,666,000m>. Assuming that such a cut
through a good management will be implemented gradually within a period of (10)
years, it results that every year in Kosovo could be gained 166,000m® of wood
biomass from pre-commercial cutting.

The total annual amount of biomass wood that can be gained through appropriate
management of forests in Kosovo is presented in Table 2.

Table 2 - Biomass potential from forests

Type of biomass from forests Quantity (m*/year)
Biomass available by allowed cutting 1,140,000
Lying timber residues 201,600
Dead trees standing 55,600
Pre-commercial cutting 166,000
Total 1,563,200

® Hajredini, E. Kampen, P.: Analiza mbi prodhimin aktual dhe potencialin e biomasés drusore, CNPV, WB-PROFOR,
Prishting, 2013
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Table 3- The annual amount of electricity, thermal and co-produced energy from forestry

biomass
Amount of energy
from co-generation
Quantity of Amount of Amount of (ktoe/year)
biomass from electrical energy | thermal energy

forestry (m?) (ktoe /year) (ktoe /year) Electrical | Thermal
434,108 36.38 88.35 20.79 62.36
1,563,200* 121 31813 74.85 224.56

* The amount of energy that could be produced if it’s taken into consideration the

total biomass which includes also the consumption of trees for firing.

Final report

Page 20







Assessment of energy potential of biomass in Kosova Studio Links 4

Although total biomass that can be obtained from the waste of cereal plants is
438,940 t/year, it can’t be utilized completely for energy production. This is because
some part of it is used for livestock feed, another part of it is used for litter as
bedding for animals (which later can be sued as soil for fertilization) and another
part of it is used for industrial needs. In the general case, the percentage of waste
from cereal plants that can be used for energy needs ranges between 10-40 %?18.
Having in regard insufficient industrial development, in Kosovo it can’t currently
expect any widespread use of such residues for industrial needs; therefore it can be
considered that about 30% of waste from cereal plants could be used for energy
needs. Such an amount is consistent with data reported in the regional resource9.20.
Consequently, Kosovo annual potential production of biomass originating from

residues of cereal plants that currently could be used for energy production is
131,682 t/year.

As for the other agriculture crops such as fodder and green cereal, those are
currently used mainly for animal feeding. But technically there is a possibility for
such plants to be used for biogas production, therefore, by assuming that at a future
in Kosovo could create organizational and legal opportunities for the development
of such systems, it is reasonable to assess the current study to be given basic data
about this group of crops that could be used for initial planning of their possible
energy potential. Along other values in the Table 5 are presented wasteland area of
land which in the case of cultivation could also provide a certain amount of biomass
potential. The values presented in the table are taken from the source?!.22,

18 pM, Kaltschmitt et. al: Energie aus Biomasse, Springer, 2009

13 |, Petrovic: Uspostavljenje Berze Biomase u AP Vojvodini, Fakultet Technickih Nauka, Novi Sad, 2012
20 B, Labudovic: Obnovljivi izvori energije, EM, Zagreb, 2002

21 ASK: Anketa e Ekonomive Shtépiake Bujgésore 2012, Prishting, 2013

22 ENR: Biogas Basisdaten Deutschland, 2008

Final report Page 22















Assessment of energy potential of biomass in Kosova Studio Links 4

energy, in principle, can be used to heat complex of buildings or certain settlements.
However, considering that biogas production plants typically are built in locations
away from the settlements, the use of thermal energy for heating needs is usually
not profitable due to the high cost of infrastructure for district heating. Therefore,
thermal energy usually it's used for space heating of farms or management facilities
when they are near the plant for biogas production.

The amount of electricity and thermal energy produced from co-generation by
combustion of biogas originating from green cereals is presented in the Table 8.

Table 8 - Annual amount of electricity and thermal energy from co-generation from biogas
originating from green cereals

Co-generated energy
Biomass Biogas (ktoe/year)
3
(ton/year) (m”/year) Electricity Thermal energy*
77,280 11,551,966 2.39 1.83

*The amount of thermal energy that remains after 1/3 of generated energy is used
for self consumption of bioreactor.
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Table 12 - Calculated number MNK for different kinds of animals

Live Number MNK
weight of Total o live Number for different
Number animals weight of MNK | kinds of animals
Cattle 313,843
Calves younger than 6 months 57,966 110%* 6,376,260 12,7
Calves between 6 months up to 1 year 43,926 225% 9,883,350 19,7
Calves between 1 year up to 2 years 21127 400* 8,688,800 173
277,277,519
Calves older than 2 years 5,439 500* 2,719,500 5,43
Milky cow 183,340 600 110,004,000 220
Bulls 1,450 750 1,087,500 Z:1
Pigs 65,775 60 3,346,500 6,6 6,693
Sheep and goats 122 872 11,746
Lambs 14,510 34** 493,340 987
Sheep for reproduction 93,851 50 4,692,550 9,38
Ram for reproduction 2,393 110 263,230 526
Goat 12,118 35 424,130 848
Horses 2,139 400 855,600 171 1.717
Poultry (hen and other poultry) 2,318,037 1.5 3,477056 695 6,594

*Average value between weight of calves of dairy cow and calves of meet cow
**Average value of weight of lambs for different age
In relation to the amount of manure that can be produced by animals, data from the literature show a large discrepancy of

the values as well as the type of fertilizer that refer (solid, liquid, organic mass of fertilizer etc.). The figures presented in
Table 13 refer to the solid manure with a participation of dry mass produced fertilizer by about 25%.
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biomass. In addition, municipal waste incineration is characterized by much higher
emissions of environmentally harmful particles therefore; it requires additional
protective measures in relation to the environment. In relation to power generation,
municipal waste can be used to produce electricity, thermal energy but also for
combined energy production.

There are different technologies for combustion of urban waste, but in terms of
efficiency of transformation of chemical energy of urban waste to electrical energy,
thermal energy or a combined energy, they do not differ much from burning of other
forms of solid biomass. Studies show that with this form of biomass, energy
efficiency of production of electricity is approximately 30%, for thermal energy 85%
and for combined production of energy 80% (20% for electricity and 60% for
thermal energy). By using the same methodology as in previous cases are calculated

the quantities of production of relevant energies and the results are given in the
Table 21.

Table 21 - Annual amount of electricity, thermal energy and co-generation energy produced
from urban waste

Co-generation energy
_ Electricity Thermal energy (ktoe/year)
Quantity of urban (ktoe/year) (ktoe/year)
waste (ton) Electricity | Thermal
264,309.08 14.22 40.28 9.48 28.44
606,000.00* 32.60 92.36 21.73 65.20

*If it’s collected the entire amount of generated waste
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operates about 3,500 h/year except for co-generation plants that use biogas as fuel
which are considered to operate about 6,800 h/year®!. Thus, based on the quantities
of energy that can be produced it can be found total electrical power for example,
the electrical power of utility that might be installed for electricity production is
423,000MWh/6,000h = 71MW. Specific investment cost is estimated to be
2,250Euro/kW and operation and maintenance costs can be about 2% of the total
investment cost per year. The annual cost of the investment is determined by
multiplying the total investment value of the annuity factor. Annuity factor is the
factor that takes into account the annual depreciation of capital invested and
durability of respective power plants. For the purpose of this study it is considered
that an rate of capital depreciation is 7%, while the durability of plants 15 years52.
On the other hand, considering that the cost of selling wholesale wood biomass is
about 25 € for spatial m* of firewood, it is resulting the price of wood biomass to be
39.5 €/MWh of electricity produced. Therefore, the orientation cost of produced
electricity from forest biomass is calculated as follows:

Table 24 - Costs of electrical energy from forestry biomass

Type of costs Value (€/MWh)
Investment costs 41.2
Operation and maintenance costs 7.5
Costs for biomass from forestry 39.5
Total 88.1

Here should be added that the calculated price from 88.1 (€/MWh) is the oriented
price only for electricity production, thus excluding the level of profit which the
relevant companies will enhance in this price.

Similarly it can be found cost of production of thermal energy. Results are
summarized as follows:

Table 25 - Costs of thermal energy from forestry biomass

Type of costs Value (€/MWh)
[nvestment costs 19.8
Operation and maintenance costs 3.6
Costs for biomass from forestry 16
Total 39.6

*1 Ministry of Economy (Republic of Slovenia): Methodology for determining reference costs of electricity generated
from renewable energy sources, 2009

92 D. Loncar et. al: PODRSKA DEVELOPERIMA - PRIMJERI NAJBOLIE PRAKSE ZA KOGENERACIJU NA DRVNU BIOMASU,
CTT, Zagreb, 2009
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To calculate the cost of electricity produced in cogeneration plants, it is preceded
similar to the above described cases, but this time it is taken into account the fact
that a large part of the profit, companies can generate from the sale of produced
thermal energy. The sales price of thermal energy is calculated based on the cost of
biomass per unit, which wooden biomass is 14 €/MWh. Profit from the sale of
thermal energy per unit of electricity is calculated by dividing the value of
14€/MWh with efficiency of thermal energy production, then by multiplying the
obtained value with total of thermal energy produced in the co-generation plant and
by dividing the product with the amount of electricity produced in co-generation
plant. Corresponding results are presented in the Table 26.

Table 26 - Costs of electrical energy form co-generation form forestry biomass

Type of costs Value (€/MWh)
[nvestment costs 78.4
Operation and maintenance costs 14.3
Costs for biomass from forestry 69
Profit from sales of thermal energy 49.4
Total 112

As can be seen, the cost of producing electricity in co-generation plant is higher than
cost of electricity produced in the plant for sole electricity production. This is
because of shorter period of operation of the co-generation plant (3500 h/year)
compared with the time of operation of the power plant for separate production of
electricity (6000 h/year). Consequently, as longer is the period of operation in co-
generation plant that more is effectiveness of their operation. The best case is the
use of these plants for the production of electricity and thermal energy (for example
for the need of any process technology) during the whole year.

Note: Having into the regard the same chemical composition of biomass from
orchards and vineyards with the forest biomass also the technical solutions of
systems for energy production and parameters for construction and operation are
the same. The same applies to the biomass from wood industry and sawmills. This
indicates that electricity costs, thermal energy and combined energy production
from forest biomass, orchards and vineyards and wood industry/sawmills are the
same.
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At the end of the study is also done an analysis of the possibility of completing the
official targets on the amount of energy produced from biomass. Analysis has shown

that these targets can be achieved without difficulty, if its utilized identified
potential in this study.
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