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1. Definition of Tasks

Development of Agro-biomass and woody biomass potential and logistics study for Sabac is
supported by the Programme ‘Development of a Sustainable Bioenergy Market in Serbia’,
funded by the German Federal Ministry for Economic Cooperation and Development (BMZ)
under the German Climate Technology Initiative (DKTI), and implemented by Deutsche
Gesellschatft fir Internationale Zusammenarbeit (G1Z) GmbH.

The goal of the Study is determination of realistic agro-biomass and woody biomass potential
in the region of the City of Sabac and provision of critical information and data for potential
investors in biomass heating plant, which would be established in a form of a Public- Private
Partnership with PUC ‘Toplana’, Sabac, as a Public Partner.

Tasks and activities

1) Biomass potentials and realistic biomass supply
e Specification of relevant biomass types in the Districts of Ma¢va and Srem
e Agricultural residues
e Wood based biomass
e Municipal waste biomass
o Determination of technical potentials and realistic biomass supply

2) Biomass demand for two types of biomass plants
e Heating plant (Heat only)
e CHP

3) Biomass supply and logistics
e Biomass market situation in the Districts of Ma¢va and Srem
o Identification of potential supplies and their potentials and propensity for supply
e Technical requirements and machinery in use respectively necessary for
sustainable biomass supply
e Supply chain management

4) Different biomass preparation and take-in systems
e Biomass storage
e Overview on technology and machinery used in biomass harvest and logistic
chains

5) Legal aspects related to biomass utilization

6) Financial analysis and economic indicators of biomass supply organization and
financing options
¢ Investments in machinery, equipment, storage, quality control
e Operational costs, Economic indicators, Financing options for biomass
suppliers
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2. Methodology applied

Agro-biomass and woody biomass potential and logistics study for Sabac should serve as a
basis for further development of the project of establishment of a new biomass heating/ CHP
plant in the City of Sabac. The Study is based on both desk research and field investigation.
Methodology applied in order to meet the goal of the Study encompasses following activities:

1)

2)

3)

4)

5)

6)

7

8)

9)

Desk research of relevant data regarding: situation in the Districts of Macva
and Srem regarding agricultural production, infrastructure related to the
establishment of a new plant and to the logistics of the supply chain,
stakeholders in the potential project at the supply side, and market research.

Review of selected literature on the topics of biomass fuels, referent legal
framework, and of available good/ bad practice examples.

Interviews with selected stakeholders representing local administration,
referent local and national public companies, farmers at agricultural
households and cooperatives; private enterprises in respective sectors.
Structure of the interviews was following: a) standard questions on agricultural
production or/ and the sectors of forestry and wood processing industry b) data
on specific operations of a particular stakeholder c) professional and personal
experience and attitude towards the project of a new plant and potential
involvement. Interviews were conducted as a phone interviews and face to face
interviews during the field visits.

Field visits were conducted to specific stakeholders selected by the authors as
well as suggested by relevant local representatives.

Comparison and analysis of data gathered from different sources related to
respective sectors, calculation and estimation, followed by consultations with
experts in the field of agriculture, thermal and electrical engineering.
Evaluation of the results of analysis according to development of different
scenarios of the project’'s implementation, i.e. to the application of different
technologies (CHP/HoB options).

Financial analysis

Conclusions and recommendations

Reporting to GIZ

Time frame of conducted assessment was from October- November 2016.
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3. Executive Summary

One of priorities of local development of the City of Sabac is better utilization of biomass
energy sources. This would be achieved through the establishment of biomass fired District
heating plant with capacity of 20MW, which will be located in the Industrial Zone of Sabac.

This project will be implemented in a form of Public- Private Partnership. Private Partner will
produce energy and deliver it to the Public Partner at the plant site. In charge for the heating
network, Public Partner (PUC ‘Toplana’) will deliver the heating energy to the final users at
residential and business premises.

At the area of 25- 30km road distance from Sabac, there are over 140,000t of harvesting agro
biomass residues realistically available for the purpose of the future plant. At the area of the
City of Sabac exclusively, there are available over 50,000t. At 50km diameter circle, there are
additional 107,000t.

Unlike neighbouring District of Srem, there is no developed market of agro biomass residues
in the District of Macva. Nevertheless, occasional practice examples show that supply related
prices (straw, transportation, etc.) are close or same to the prices at more developed market
in AP Vojvodina. Estimation of investment costs for straw supply of CHP plant is 4 million €,
while investment to straw supply of heat only plant is estimated to 1.7 million €. Dynamic
financial analysis shows that CHP option is more profitable: for a period of 20 years, Net
Present Value is 4,507,300€, Cost-Benefit ratio is 1.11, and Internal Rate of Return is 13%.

There are several Agricultural Cooperatives operating at the area of Sabac, identified as
potential suppliers of the future plant. There is also great interest and positive attitude of
stakeholders towards this project.

There is not enough available woody biomass at economically favourable distance. This could
be changed if strategic decision is made to invest in short rotation plantations such as poplar
and willow, or in energy crops such as miscanthus. These fuels may serve to ensure additional
supply stability.

However, realistically available cca 50,000t of agro biomass already gives options for private
investor to select HoB or different models of CHP solutions, where electricity production would
provide year-long revenues and would enhance profitability.
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4. Macva District

Macva District is one of ten districts of the Republic of Serbia. It expands in the western parts
of the Republic of Serbia, at the border to Bosnia and Herzegovina, surrounded mostly by
Srem District at north-west, and Kolubara District at south-east. Ma¢va District is located in
geographical regions of Macva, Podrinje, Posavina, and Pocerina. It consists of Cities of
Sabac and Loznica, and Municipalities of Bogatic, Vladimirci, Koceljeva, Krupanj, Ljubovija,
and Mali Zvornik, with total area of 3,268km, and population of 298,931 people’.
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Figure 1: Administrative districts of the Republic of Serbia?

City of Sabac is the administrative and economic centre of the Magva District. It consists of
13 urban and 54 rural settlements with total area of 795 km’. Sabac has a population of
53.919, while population of the administrative area is 118,347

12011 Census of Population, Households and Dwellings in the Republic of Serbia
2 https://commons.wikimedia.org/wiki/File:Serbia, _administrative_divisions_(provinces%2Bdistricts) -
_de_-_colored.svg

32011 Census of Population, Households and Dwellings in the Republic of Serbia
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Figure 2: Settlements of the Macva District

Sabac is situated along the Sava River, near the mountain Cer, at the border to Bosnia and
Herzegovina. The City is connected to the highway E75, and regional road infrastructure is
well developed.

Sabac is agricultural and industrial leader in Macva with long entrepreneurial history. There
are various sectors represented in the Sabac economy such as chemical, pharmaceutical,
metal, and other industries, banking sector; business entities are big companies and foreign
investors, as well as small companies and entrepreneurs. In 2016, the City of Sabac is
awarded by the Business Friendly Certificate within the Business Friendly Certification
Programme in Southeast Europe.
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From To km
Sabac | Sremska Mitrovica | 34.30
Sabac | Novi Sad 71.17
Sabac | Belgrade 87
Sabac | Valjevo 67
Sabac | Loznica 58.30
Sabac | Bjeljina (BA) 49.64

Table 1: Road distance of Sabac to
Figure 3: Traffic connections of the Sabac area* neighbouring cities in km

One of the priorities of the Sabac authorities is the establishment of biomass heating plant.
With respect to overall economic situation (insufficient Budget) and luck of experience in large
infrastructure projects related to renewable energy, it has been decided to design the Public-
Private Partnership Project, and to purchase heating energy from the Private Partner.

City of Sabac is the first local government in Serbia which adopted the Budget for a year of
2017 (on November 18, 2016). The Budget amounts ~27 million €, similar as in 2016, out of
which 733,000€ was the amount of the Budget for Agriculture.

4 http://www.kartesrbije.com

11
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PUC ‘Toplana’

PUC ‘Toplana’, Sabac, is in charge of production and distribution of the heating energy to over
7,500 residential buildings (approximate 374,000m?), and to over 500 business facilities
(approximate 99,000m2). There are four operating boiler rooms in Sabac with total capacity of
69.38MW, over 22km of heating network, and 380 substations. PUC ‘Toplana’ employs 83
persons. There are following boiler rooms in Sabac:

1. Boiler room ‘Trkaliste’: 3x14MW; fuel: gas/ oil alternatively

2. Boiler room ‘Benske bare’: 3x8.2MW; fuel: natural gas/ oil alternatively
3. Boiler room ‘Janko Veselinovic’: 2x1.1MW; fuel: oil

4. Boiler room: ‘Stari grad’: 2x0.58MW; fuel: natural gas®

Local authorities are considering three locations as a potential site of biomass heating plant,
near the boiler room ‘Janko Veselinovic’: a land parcel 500m distant from this boiler room, with
area of 50 Ares; a land parcel at ~2km distance in the Sabac Northwest Industrial Zone; and
a land parcel distant 1km, to the East.

Figure 4: Location of the boiler room ‘Janko Veselinovic™

5 Source: PUC ‘Toplana’, Sabac
6 Google maps

12
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5. Srem District

Northwest of the Macva District, in the autonomous province of Vojvodina, there is the Srem
District, covering 3,486kmz2, with a population of 311,0537. Municipalities of the Srem District
are: Indjija, Irig, Pecinci, Ruma, Stara Pazova, Sid; and Sremska Mitrovica, which is the

administrative centre of the Srem District.

INDIJA

0Indl]a

SREMSKA
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Sremska
Mitrovica
®

STARA °Stara
PAZOVA Pazova

)
Macvanska
Mitrovica

aPeltlm:l

SREMSKI OKRUG
SREM DISTRICT

Figure 5: Settlements of the Srem District

In terms of utilization of biomass residues and the development of this market, the Srem
District is several steps in front of the District of MacCva, which is elaborated in following

chapters.

72012 Census of Population, Households and Dwellings in the Republic of Serbia
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6. Biomass potentials and realistic biomass supply

6.1 Specification of relevant biomass types in Maéva and Srem Districts

Characteristic of both Districts is high share of agricultural land in total land area. This is
emphasized in the Srem District which administratively belongs to Autonomous Province of
Vojvodina with lowland terrain and total of 90% of the Serbian production of sugar beet,
sunflower and soybean. Share of arable land in total agricultural land in the Macva District is
over 71%, while in the Srem District this share is higher than 91% (table No 4). Most
represented in the production of grain in the assessed Districts are: corn, wheat, soybean,
sunflower, and, in the Srem District, sugar beet (table No 5).

6.1.1 Agricultural land and production of most important crops

Data on agricultural land in Ma¢va and Srem Districts

Total area (ha)

Total agricultural

% of agricultural

Arable land (ha)

% arable land /

land (ha) land out of total total agro land
Macva District 326,800 226,513 69 161,343 71
Bogatic 38,400 31,213 81 26,908 86
Vladimirci 33,800 27,032 80 21,399 79
Koceljeva 25,700 20,435 80 15,035 74
Krupanj 34,200 24,502 72 12,253 50
Loznica 61,200 30,317 50 21,274 70
Ljubovija 35,600 17,309 49 10,488 61
Mali Zvornik 18,400 5,913 32 2,723 46
Sabac 79,500 69,793 88 57,883 85
Srem District 348,600 250,154 72 229,195 92
Indjija 38,500 35,755 92.87 30,343 85
Irig 23,000 14,247 61.94 11,242 79
Pecinci 48,900 27,833 56.92 24,938 90
Ruma 58,200 41,336 71.02 41,336 100
Sremska 76,200 59,051 77.49 54,443 92
Mitrovica
StaraPazova 35,100 32,525 92.66 30,287 93
Sid 68,700 39,406 57.36 36,608 93

Table 2: Data on agricultural land in Macva and Srem Districts

14
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Production of crops in municipalities of the Srem and Macva Districts in
tons
Wheat Corn Sugar | Sunflower | Soybean
beet

Bogatic 25,816 | 64,240 0 0 2,878
Vladimirci 20,198 | 29,277 0 199 1,427
Koceljeva 8,367 | 17,600 0 45 800
Krupanj 3,294 | 10,501 0 0 0
Loznica 11,570 | 48,969 0 0 1,941
Ljubovija 2,216 | 5,105 0 0 6
Mali Zvornik 210 3,978 0 0 0
Sabac 52,524 83,531 850 443 2,967
Macva District 124,195 | 263,201 850 687 10,019
Total Macva District: 398,952

Wheat Corn Sugar | Sunflower | Soybean

beet

Indjija 34,145 | 88,005 97,642 6,845 3,347
Irig 14,089 | 22,755 16,102 2,380 2,426
Pecinci 30,433 | 60,319 7,800 5,505 1,525
Ruma 42,380 | 105,998 62,902 4,331 7,180
Sremska 59,298 | 127,735 | 102,359 2,466 15,112
Mitrovica
StaraPazova 29,547 | 83,306 | 109,647 3,010 2,881
Sid 38,159 [ 98,123 98,369 2,061 17,632
Srem District 248,051 | 586,241 | 494,821 26,598 50,103
Total Srem District: 1,405,814

Table 3: Production of crops in Maéva and Srem Districts®

8 Statistical Office of the Republic of Serbia: Municipalities and Regions of the Republic of Serbia,
2011, 2012, 2013, and 2014; Regional Agricultural Office in Sabac, 2016; http:/webrzs.stat.qov.rs/,
Tables 2 and 3

15
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6.1.3. Forests and resources of wood

Share of forest area in total area of the Macva District is 24.64%, while in the Srem District
forests cover 15% of total area. Majority of forests in the Macva District are privately owned,
while in the Srem District, almost all forests (over 95%) are state owned.

In charge of forest management are following public companies: in the Macva District, PC
‘Srbijasume’ and ‘Monastery forests’ LLC; in the Srem District, PC ‘Vojvodinasume’ and a
National Park ‘Fruska Gora’ as protected area of exceptional importance.

Territorial organizational units of PCs ‘Srbijasume’ and ‘Vojvodinasume’ are lumber camps: in
Macva, that is LC ‘Boranja’ with head office in Loznica; and in Srem, there is LC ‘Sremska
Mitrovica’. Out of 33,798 ha of forests managed by LC ‘Boranja’, there are 22,056 ha at the
territory of the Macva District®.

Macva and Srem Districts: forest area in ha
Total State % of | Privately % of Share of
owned total owned total | forest cover
forests forests | in total area
(%)
Macva District 80,530 | 26,649 33 53,881 67 25
Bogatic 3,199 235 7 2,964 93 8
Vladimirci 3,997 173 4 3,824 96 12
Koceljeva 5,418 0 0 5,418 100 21
Krupanj 13,034 3,861 30 9,173 70 38
Loznica 21,954 | 11,798 54 10,156 46 36
Ljubovija 13,922 4,062 29 9,860 71 39
Mali Zvornik 8,848 4,493 51 4,355 49 48
Sabac 10,158 2,027 20 8,131 80 13
Srem District 52,829 | 50,326 95 2,503 5 15
Indjija 694 497 72 197 28 2
Irig 4,100 3,794 93 306 7 18
Pecinci 8,757 8,747 100 10 0 18
Ruma 7,832 7,726 99 106 1 13
Sremska Mitrovica 10,421 9,024 87 1,397 13 14
StaraPazova 0 0 0 0 0 0
Sid 21,025 | 20,538 98 487 2 31

Table 4: Forest area in Macva and Srem Districts®

% http://www.srbijasume.rs/loznica.html
10 statistical Office of the Republic of Serbia: http://webrzs.stat.gov.rs/
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7. Determination of realistic biomass supply
7.1. Agricultural residues

Besides quantity of biomass residues, transport is one of critical factors which affect
determination of realistic biomass supply process for the future Sabac heating or CHP plant
in terms of overall expenditures. With respect to road distances between Sabac and other
settlements in respective area, transportation costs'!, as well as potential competition
(elaborated in the Chapter 9.3), estimation of realistic fuel supply was calculated for the area
of the city of Sabac in radius of 25km. Less favourable zone of potential supply is determined
at the distance of 50km.

LA | - - ‘f‘* = 5 R
ol T RS e

v
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Figure 6: Potential biomass supply zones in the Sabac area.

Zone 1 encompasses territories of the City of Sabac, of municipalities Bogatic, Vladimirci, in
the Macva District, and part of Municipality of Ruma in the Srem District.

Zone 2 encompasses additional municipalities of Loznica in the Macva District, and
municipalities of Pecinci and Sremska Mitrovica in the Srem District.

11 Elaborated in Chapter 12
17
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Distances of 25km and 50km are road distances!?; circles are drawn by the Authors for the
purpose of this Study.

Data on agricultural production of major species grown in the Districts of Matva and Srem are
based on values for a period from a year of 2012 (Agricultural census of Serbia), until 2015
(data collected at Statistical Office of the Republic of Serbia). As referent values, data for a
year of 2013 are applied (last officially published data). Additional, analysis was conducted
with the support of Regional Agricultural Office in Sabac, which is in charge for the City of
Sabac and for three municipalities in the Macva District: Bogatic, Vladimirci, and Koceljeva,
which showed that there is growing trend of production of grain.

Most important crop grown in both Districts is corn (total production of 263,201t in the Macva
District, and a total of 586,241t in the Srem District). There are also representative quantities
of wheat in both Districts (table No 4), while there are big differences in growing sugar bit,
which is mostly used in sugar processing industry developed in Vojvodina. Same refers to
sunflower also used in a processing industry in Vojvodina. There is a slightly growing trend of
cultivation of soybeans, and according to data collected at the field, it will keep growing.

Agro biomass residues available at the Sabac area
® e =
& = = = | - ;;/
c @ c — | £ L2 £

g S | oz ks o x 2 2 o3| 23 o2 o

g2 £|8E £lc 58| 5| S5|E% 5% |swa|ES| ¢

x8 2 | o 2 (t)om xo O Al ae Eg’a 8 @
Bogatic 30% 7,745 | 111 7,745 | 19,272 | 111 19,272 0|12 0 863 | 1:0.6 518
Vladimirci | 30% 6,059 | 111 6,059 8,783 | 111 8,783 60 | 1:2 30 428 | 1:0.6 257
Ruma 30% 12,714 | 111 12,714 | 31,799 | 1.1 31,799 | 1,299 | 1:2 650 | 2,154 | 1:.0.6 1,292
Sabac 30% 25,757 | 111 25,757 | 25,059 | 1.1 25,059 133 | 1:2 66 | 2,967 | 1.0.6 1,780
Total: 52,275 84,913 746 3,848
Total residues (in tons) available in Zone 1: 141,782
Loznica 30% 3471 | 111 3,471 | 14,691 | 111 14,691 0|12 0] 1941 | 1.0.6 1,165
Pecinci 30% 9,130 | 111 9,130 | 18,096 | 1.1 18,096 1652 | 1:2 825.8 | 1,525 | 1.0.6 915
Sremska
Mitrovica | 30% 17,789 | 111 17,789 | 38,321 | 1.1 38,321 740 | 1:2 369.9 | 4534 | 1.0.6 2,720
Total: 30,390 71,108 1,196 4,800
Total residues (in tons) available in Zone 2 (t): 107,493
Total residues (in tons) available in Zones 1+2 (t): 249,275

Table 5: Available Agro-biomass residuals at the Sabac area

Consideration of types of crops with residues eligible as a fuel includes: corn, wheat,
sunflower, and soybeans. In respect to conservative estimations on a share of agricultural
residues used as a fuel, our calculation considers 30%13 of total production at respective
area.

12 http://www.udaljenosti.com/

13 Feasibility Study: Potential Use of Renewable Energy in a Remote District Heating System in
Kecskemet; N6 MérnokiSzolgaltaté Bt., Budapest, 2012;
http://www.rpksombor.co.rs/left/arhivaprogiproj/IPA%20SRB_Tanulm%Elny revl SRB.pdf

18



GIZ DKTI Programme ‘Development of sustainable bioenergy market in Serbia’:
Agro-biomass and wood biomass potential and logistics study for the City of Sabac

It is estimated that 1/3 of total harvested crops is ploughed, and one third is used for livestock
breeding

Table No 5 on the next page shows quantities of agro-biomass residues available in radius
of 25km (road distance) from the City of Sabac (141,782t), as well as additional quantities
available in radius of 50km (107,493t). At the area of the City of Sabac exclusively, agro-
biomass residues are calculated at 52,663t.

7.2 Wood based biomass

Lumber Camp ‘Boranja’ is in charge of ~34ha of state owned forests, and also provides
technical services at ~110ha of privately owned forests. However, LC ‘Boranja’ covers large
territory of the Districts of MacCva; Kolubara; Obrenovac and Lazarevac municipalities at
territory of the City of Belgrade; and parts of municipalities of Bajina Basta and Kosjeric in the
Zlatibor District'®>. On a basis of a ten-year plan of PC ‘Srbijasume’, 109,000m3 of wood in
state owned forests is cut annually at whole territory of LC ‘Boranja’, with total of 15,000m3 of
wood residuals'®. Regardless the fact that 24,000m3 annually is allowed for cutting in privately
owned forests, it is estimated that additional quantity of over 110,000m3 of wood is illegally cut
in privately owned forests. Wood cut in privately owned forests is mostly used as firewood*’.
According to Mr. Dragic Tomic, Chief of Department for utilization of forests at LC ‘Boranja’,
privately owned forests are in a bad condition.

Mountain of Cer is situated at 35km southwest from Sabac. There is no accurate inventory of

forests per ownership. In accordance with the Serbian Law on Property Restitution and
Compensation (Official Gazette of the RS No 72/2011, 108/2013, 142/2014 and 88/2015 —
Decision of the CC), there are changes in the ownership structure of particular forest areas,
and similar changes are yet to come. Besides state owned forests, there are ~12ha forests
owned by the ‘Monastery Forests’ LLC, and forests owned by numerous individuals. At the
Sabac area, there are less then officially declared 6,555ha of state forests (due to the
restitution), and several small, scattered privately owned forests.

Forest terrain at the Cer Mountain is hardly approachable. Main tools of the lumberjacks are
chainsaws and axes; horses haul timber to forest roads. Most of wood residuals stay in the
forests, due to labour intensive collecting process; moreover, it is hard to find manpower in
Serbia due to hard work conditions and lack of skilled workers. Most of the workers come from
Bosnia and Herzegovina.

Inconsiderable quantities of residuals at forest roads are sold to residents of local villages
who collect them, transport them by tractor trailers, and use them as a firewood, paying less
than 5.00€ for ~1spatial meter.

14 http://www.srbijasume.rs/pdf/30osnove.pdf

15 http://www.srbijasume.rs/pdf/30osnove. pdf
16 Source:LC 'Boranja’, Valjevo Office
7 1bid
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LC ‘Sremska Mitrovica’ operates through four offices: ‘Visnjicevo’, ‘Kupinovo’, ‘Morovic’, and
‘Klenak’ in the Srem District, managing 37,911ha of forests. Total annual production of wood
residuals is 25,000m3. Total road distance between the four offices is 130km.

At the left bank of Sava River, at the distance of 20-30km northeast from Sabac, there are
10,000ha of forests managed by LC ‘Klenak’, with annual harvest residuals of 5,500m? at
lowland terrain. Approximate 15% of wood residuals remain in the forests, while app. 4,500m3
is sold to local population. Majority of app. 3,500m? of wood residuals are available at several
proximate land parcels concentrated at 100ha’®. The rest of 1,000m? after harvesting at 300-
400haof poplar forests is collected by local population who load residuals into tractor trailers
and transport them to their homes for heating.

Sales of LC ‘Sremska Mitrovica’ targets traditional customers: 40-50 private companies
(timber) and local population (firewood and wood residuals). Current prices of wood residuals
are shown in the table below.

Average quantity of firewood sold by LC ‘Sremska Mitrovica’- Klenak is 10,000- 15,000 spatial
meters annually. Price of 1 spatial meter in 2016 is ~32 € delivered on the forest road.
Complete annual wood production of LC ‘Sremska Mitrovica’ is sold by the end of November,
each year. There is no much space for the increase of the production, nor can traditional
customers be jeopardized by accepting new large offers to purchase firewood due to the
Companies’ priority of the protection of public interest.

Wood residues- Lumber Camp ‘Sremska Mitrovica’- Klenak
Types of trees: poplar, oak, Turkey oak Price per spatial meter (€) | Price per m* (€)*°
Wood residues with diameter up to 10cm 6.5 4.75
Benches 4.9 3.6
Stumps 4.4 3.2
Tree bark 3.8 2.8

Table 6: Prices of woody biomass at LC ‘Sremska Mitrovica’- Klenak?®

7.3 Other sources of woody biomass: fruit pruning and municipal waste biomass

According to data gathered at the field, all of fruit pruning residues are chopped up in order to
return organic matter into the soil, which is the instruction of agricultural experts?’. Due to
combining of winter and summer fruit pruning, there are no many residuals?.

18 Source: LC ‘Sremska Mitrovica’

19 Spatial meter of wood residues=0.73m3

20 Source: LC ‘Sremska Mitrovica’

2L Source: Agricultural Service, Sabac

22 Analysis shows that at Zone 1 there are 1,050ha with average production of 40tons of raspberries
and 447ha with average production of 2,000t of blackberries, which makes ~5,000t of pruning residues
of berry fruit only.
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Photo 1: Cutting urban greenery in Sabac, October 2016

Photo 2: Cutting urban greenery in Sabac, October 2016

PUC ‘Stari grad’, Sabac is dealing with non-hazardous waste at the Sabac territory.
Department in charge of city green maintains green areas of the city (regular inspection,
planting, pruning, and cutting). 680t of woody biomass collected annually* consists of tree
benches, tree trunks, and stumps. Collected biomass is transported to the nursery garden
owned by PUC ‘Stari grad’ and used partly for the heating of the hothouse, and the rest is
used for composting.

There are no significant wood processors at the respective area. Small companies and
entrepreneurs dealing with wood are actually trade companies.
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With respect to aforementioned, realistic biomass potential for the future Sabac heating plant
available at road distance in radius of 25km is 141,782t of agricultural crop residues, i.e. of:
corn, wheat, soybean, and sunflower. Our further consideration hereinafter refers to
agricultural biomass as a fuel for the future heating or CHP plant in the City of Sabac.
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8. Biomass demand for two types of biomass plants

According to local authorities of the City of Sabac, required capacity of the heating plant for
the needs of central district heating in the City of Sabac is 20 MW. This is the subject of the
future fuel switch project is 20MW. With regard to the assessment conducted, the conclusion
imposes that recommended fuel realistically available in a long term period to supplying the
heating plant in Sabac is straw in bales. Furthermore, necessary annual fuel quantities are
available in the area of Sabac (Figure No 6, area of 25km).

Following table shows heating value of particular harvesting residues:

. . Water content Heating value
Harvesting residues when collected MJ/k
% g
Wheat straw 15-20 14.00
Soybean straw 15-20 15.70
Corn stalk 15-30 13.50
Sunflower harvesting residues 15-20 14.50

Table 7: Heating value of harvesting residues

8.1 Biomass demand for the Sabac heating plant (heat only production)

Presumptions for estimation of fuel demand in case of establishment of the heating plant (HoB)
with capacity of 20MW are following: heating season starts on October 15™ and lasts until April
15" straw in bales is used as a fuel; heat value of straw in bales is 3.9kwWh/kg?®; boiler
efficiency is 80%.

Depending on technology applied, boiler efficiency can be higher than presumed. For the
purpose of this study and conservative approach, it is adopted lower efficiency of the boiler;
due to the same reason, fuel demand includes 10% of contingency.

Based on aforementioned, estimated quantity of agricultural biomass demand for the Sabac
heating plant (HoB) is 18,954t, which is realistically available at the area of the City of Sabac.

8.2 Biomass demand for the Sabac CHP plant
With respect to the following factors:

establishment of the heating plant in a form of a Public- Private Partnership;
planned capacity of 20MW of thermal energy for the future heating plant;
analysis of realistic biomass supply potentials at respective area,;

analysis of regional practice examples?*;

23 Heating values of grain species is shown in Chapter 8, Table No 7
24
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experience and development strategy of particular companies in relevant sectors® which
shows that cost-benefit analysis of such PPP project from the perspective of private investors
dealing in renewable energy sector refers to CHP production due to a long term investment;
the Serbian market conditions (e.g. feed-in tariff system?®), the year-round production, high
efficiency, etc.;

it is concluded that CHP plant in Sabac is favourable solution for the City of Sabac which will
provide required thermal energy, as well as it will attract private partner to enter the project
rather than in case of HOB solution. Furthermore, possibility of replication of such project in
other regions of Serbia could be additional motive for the investors which apply modular
system instead of tailor-made construction of the plants, due to decrease of engineering costs.

Sufficiency of fuel supply at the supply Zone 1 (141,782t) depends on the capacity of CHP
plant in terms of electric power production and technology applied, as well as on the situation
on the market of agricultural biomass residuals, described in subsequent chapters. The
constant is that the CHP plant would have to deliver required winter season heating to the City
of Sabac. CHP options range from installation of CHP + separate HoB solution, to having
integrated total heat requirement needed by the City of Sabac in the CHP facility. It is the
investors’ discretion to find the right model; however, this assessment shows that over 52,000t
realistically available agricultural biomass in the area of the City of Sabac exclusively, provide
favourable options to the investor.

Following example is provided as possible model of combination of HOB and CHP facility:

Installation of CHP facility with capacity of 8MWth and 4MWel combined with installation of a
boiler (heat only) with capacity of 12MWth, with boiler efficiency of 85%, would require fuel
guantity of approximate 48,985t of straw in bales. This quantity is realistically available at the
area of the City of Sabac. Rationale for suggested model other than above mentioned motives
of potential private investor is efficient use of resources, as well as the production volume
adapted to the local market demand for heating power; moreover, fuel demand in this scenario
is significantly smaller than in case of establishment of CHP plant with required thermal
capacity.

a) http://www.veolia.com/en/veolia-group/media/news/hungary-veolia-acquires-szakoly-biomass-

plant-and-contributes-development-renewable-energy-country

b) Feasibility Study: Potential Use of Renewable Energy in a Remote District Heating System in

Kecskemet; N6 MérnokiSzolgéltaté Bt., Budapest, 2012;

c) https://ec.europa.eu/energy/intelligent/projects/sites/iee-

projectsf/files/projects/documents/rurale.evolution_report on_5_pre feasibility studies on_agro_ener

gy_en.pdf Chapter 7.1.2.

25 Market research aimed to determining supply chain for the future plant showed that there are
Companies interested in participation in such PPP projects in the region.

26 Regulation on incentives for production of electricity of renewable sources and of highly efficient
combined production of electricity and heating power; Official Gazette of the RS No 56/2016

24



GIZ DKTI Programme ‘Development of sustainable bioenergy market in Serbia’:
Agro-biomass and wood biomass potential and logistics study for the City of Sabac

9. Biomass supply and logistics
9.1 Biomass market situation in the Districts of Macva and Srem

Even though the Districts of Mava and Srem are in immediate neighbourhood, agro biomass
market situation in the two Districts is quite different.

Arable land in the Macva District is processed by individual farmers at average of 50-100ha
parcels of land partly as own property, partly leased. There is sufficient quantity of small
agricultural mechanization: each household owns at least several small agricultural machines;
in the villages, there is one baling machine per each 20- 30ha. Baling is charged 0.24€ per
one small bale?’. Straw is baled in small square bales of 12-15kg (70/70cm; 250- 300
bales/ha), or in large round bales of 150-170 kg. It is used for heating of the households, and
as the bedding material for livestock. Large quantities of straw are burned at the fields; which
is not only against the Law, but it is also endangering human lives due to frequent spread of
fire causing personal injuries?.

Photo 3: Straw in bales at 5km distance from the centre of Sabac.

Veterinarian station ‘ZOO lek’ in the Municipality of Bogatic is dealing, beside veterinarian
clinic, in sales of animal feed and in production of agro pellets. Annual consumption of this
station is 300t of straw, paid 40€/t delivered at the station.

Household of Mr. Rade Krilovic in Macvanski Prnjavor is first example of utilizing straw in bales
for purposes other than heating in the households. Following photos present the drying facility
at the household of Mr. Krilovic:

27 source: Directorate for Agriculture, Sabac
28 |bid
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Photos 4 - 6: Corn drying facility at Macvanski Prnjavor

Mr. Krilovic owns 20ha of land and leases additional 60ha. He installed drying facility with
capacity of 20t of corn and charges for this service at the market. According to his experience,
1t of straw in small bales is necessary for drying 20t of corn in order to decrease humidity from
22% to 14% (daily production). Drying facility is engaged for one month per a year, and
sufficient quantity of fuel is harvested at 15ha.
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Zivkovic household in Macvanski Pricinovic consumes 1,600 small straw bales annually (app.
2t) for home heating. Regardless the facts that straw is used for heating in many households,
these quantities do not significantly influence data on total potential of available agro biomass
residues.

There is no actual market of agricultural residues; neither there are big buyers/ sellers of straw.
However, there is positive attitude towards participation in the supply chain for potential
heating plant in Sabac among all of interviewed persons. Compared to the Magva District,
market of agricultural biomass residues is more developed in the District of Srem, as well as
in other Districts of AP Vojvodina.
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Figure 7: Locations of terminals owned by Victoria Group for collecting straw in the Srem District?®

With highest share of arable land in Serbia, also more developed than the rest of the country,
AP Vojvodina is busily developing utilization of biomass. Food processing industry, cattle
breeders, agro pellet producers, companies producing own power for their production process,
as well as individual farmers, are consumers of straw, mostly soya straw due to its higher
energetic value compared to other Ag residues.

Trade of Agro biomass residues is under development in the Sabac neighbouring
municipalities (e.g. Meet Industry Djurdjevic in Pecinci). Example of a big consumer of
biomass residues is Victoria Group JSC, which invested over 30 million € in a period from
2014- 2016 in renewable energy sources®. Supply zones for the future plant in Sabac, as
well as elaborated scenarios for the type of the plant were determined, among other factors,
with regard to the existing and potential competition in the respective area.

29 |bid

30 http://www.bioenergy-

serbia.rs/images/documents/presentation/KORIENJE BIOMASE | PROIZVODNJA AGROPELETA
Victoria_Group.pdf
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9.2 Identification of potential supplies and their potentials and propensity for supply

Agricultural Cooperative ‘Tabeks’ in Magvanski Pricinovic (14km distant from Sabac) operates
at villages of Tabanovic (1,500ha of grain production), Sevarice (3,000ha), Drenovac (over
3,000ha), and MacvanskiPricinovic (1,700ha). With average of 2-3t/ha of Agro biomass
residues, this Cooperative could provide over 16,000t of straw annually.

Director of the ‘Tabeks’ Cooperative showed readiness to negotiate potential business
opportunity. Regardless the fact that there is no developed trade of straw in the area, price of
the straw in bales on the field is estimated by Mr. Tomislav Zivkovic at 29€/t.

Photo 7: 5t of corn is dried per hour in the facility of ‘Tabeks’

There are 6 active Agricultural Cooperatives other than ‘Tabeks’ operating at the distance of
10-30km from Sabac, out of which five cooperatives are located at 10-20km from Sabac.
These Cooperatives are recognized as potential suppliers of the future power plant in the City
of Sabac.

Nr. | Name of Ag Cooperative Place Road distance from Sabac (km)
1 Tabeks MacvanskiPricinovic 14.5

2 AgroMacvaprodukt Prnjavor 31

3 Grusic Grusic 20

4 Pocerina Sinosevic 18.7

5 Ribari Ribari 27.4

6 Varna Varna 10.5

7 Zminjak Zminjak 21.6

Table 8: Potential suppliers of straw in the Sabac area
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The Company ‘SAMISCANTHUS’ LLC is also recognized as a potential supplier of the future
Sabac plant. Their innovative practice of growing Miscanthus (see Chapter 13) and interest in
potential future supply business is additional asset in favour to the sustainability of the biomass
residues supply.
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9.3 Technical requirements and machinery necessary for sustainable biomass supply
Following machinery is used in agricultural biomass mobilization:

Photos 8 - 12 show combine harvester used for harvesting crops, accessories for straw
gathering, baling machines, and trailers, property of Agricultural School in Sabac.

Tractors are also necessary in the process, as well as telescopic handlers for loading the
trailers.

Photo 8: Combine harvester

Photos 9: Combine harvester - accessories
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Photos 10 & 11: Baling machines for small and round bales

Photo 12: Trailers used for transport of straw bales in Sabac
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Photo 13 Tractor at the household of Mr. Rade Krilovic in Macvanski Prnjavor

Photo 14: Straw baler (www. http://www.albars.com/baling%20gallery.html)

There are no large square bales in the area of Sabac. High pressurized balers are necessary
for producing straw bales of 500kg, preferable for manipulation, storing, and delivering to the
power plant. Telescopic handlers are also necessary for loading the trailers.
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Photo 15: Telescopic handler3!

Wheat belongs to ‘early’ crops, while soybean, corn, and sunflower are ‘late’ crops according
to harvesting dynamics. Straw quality depends to a large extent on weather conditions.
Average residuals yield is 3t/ha (wheat and sunflower- 3t/ha; corn- 4t/ha; soybean- 2t/ha).
Time frame of straw collecting is July- October. Regular working day during summer season
is 10 hours. High pressured balers produce 500 bales per a day.

Total Number of
working necessary
Type of plant Tons Hectares days balers
Fuel demand for a plant of
12MWth+(8MWth+4MWel) 48,985 16,328 196 6
Fuel demand for a plant of
12MWth 18,954 6,318 76 2

Table 9: Number of straw balers according to fuel demand of the plant

Necessary machinery in addition to balers is: tractors: of 140hp for straw collecting and for
self-loading trailers, and of 220hp for baler; gatherers; telescopic handlers; and trailers.

9.4 Supply chain management

Planned model of PPP for establishing the plant in Sabac belongs to long term business
models (recommendation for such projects is 20 years; Serbian Law on PPP stipulates 5— 50

31 www.youtube.com/watch?v=Lv2Jv5VH-Cc
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years contracting of PPPs). Long term contracting is also recommendable for the supply of
fuel.

Private Partner could manage the supply chain, which scenario requires additional investment
and organization beside his main operations of energy production.

Another scenario is long term contracting with one supplier which is solely responsible for
guantity, quality, and the dynamics of the supply.

However, situation on the field described in previous chapters refers to the scenario of several
suppliers or a consortium as the most apparent scenario for supplying the future plant.

Contracting the supply of agro biomass also depends on the location of the storage (s), as
well as on the ownership/ lease of the storage, which could be owned/ leased by the supplier,
as well as by energy producer, i.e. the owner of the plant.

According to data acquired at the nearest market (AP Vojvodina), price of straw on the field is
6- 8€/t, while price of big bales delivered at the plant is 38- 42 €/t.

Sales contracts on goods in Serbia are regulated by Law on Obligations®?, which stipulates
usual provisions on such contracts (the subject of the contract; price and terms of payment;
terms of delivery; quality requirements, quantity and quality control and consequences of
failing to perform; risk of loss; amendments; cancellation). However, straw quality control
measures and consequences of failures in meeting required quality in case of contracting
straw sales are among essential provisions of the future contract.

32 Official Gazette of the Republic of Serbia No 29/78, 39/85, 45/89, 57/89, Official Gazette of SRY No
31/93, and Official Gazette of State Union of Serbia and Montenegro No 1/2003
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10. Different biomass preparation and take-in systems

Example of the straw conveyor is shown at the following photograph::

The straw conveyor from
the straw barn

Photo 16: Straw conveyor

Maribo-Sakskgbing Combined Heat and Power (CHP) plant** is an example of using straw
conveyor. The bales of straw arrive at the plant on trucks which deliver the fuel to the straw
barn storage area where the humidity and weight of the bales are measured in order to
determine the fuel's value. The cranes load the straw bales on the automatic conveyor which
transports it to the boiler; here the straw bales are loosened and ignited in the combustion
chamber.

Example of the straw fuel feeding system presented in the Feasibility Study for straw-fired
steam boiler plant in BackaTopola, Vojvodina®®, shows following system: the straw-divider with
string cutter (photo 17), which ensures an even and continuous feeding of the boiler and does
not require manpower. The push feeder (photo 18) is used for transporting the loose straw
from the straw divider and feeding it into the combustion grate. Push grate for combustion of
straw fuel (photo 19).

33 http://www.bostoncommons.net/biomass-power-plants/

34 http://www.dpcleantech.com/biomass-power-plant-projects/maribo-sakskobing-denmark

% Feasibility Study: Fuel switch from gas to a straw-fired steam boiler plant within the company
Perutnina Ptuj-Topiko at the poultry processing facilities in Backa Topola, Hermann Wieser, 2015;
published by GlZ
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Photo 17 Photo 18

Photo 19

10.1 Biomass storage

Rule Book on special fire prevention measures in agriculture® stipulates following:

— Straw can be stored at open field at least 100m distant from electrical lines, power
stations, other storages, flammable materials, facilities with open fire, and similar
facilities with increased risk of fire.

— Straw can be stored in maximum 20 x 6m piles, with 20m distance in between; or in
50 x 8m piles with 50m distance in between.

36 Official Gazette of the RS No 27/1984
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Photo 21: Stored straw at the field of Agricultural School of Sabac

Maximum height of a pile is 8m. One pile can consist of 1,100 large bales (500kg). Considering
necessary maximum quantity of ~49,000t required for the Sabac plant, fuel consumption
dynamics, and period of harvesting season; total stored quantity of straw in a month of October
will be ~35,000t. Straw quantity necessary for one or two weeks of production is stored at the
site of the plant. There is also possibility of negotiating the lease of a land parcel next to the
site of the plant in the Industrial Zone of Sabac. Storage of total quantity at one place would
require a few tens of hectares. In respect to all these reasons, several temporary storages
should be established by the supplier (possibly at the sites of Agricultural Cooperatives-
potential suppliers).
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Photos 22 & 23: Covered straw storages®’:

10.2 Overview on technology and machinery used in biomass harvest and logistic
chains

Types of machines necessary for straw mobilization are described in Chapter 9.5. Machines
should be replaced at every five years; therefore, calculation of economic indicators (Chapter
12.3) includes purchase of new machinery and selling the old one for a half of a price.

Considering quantities of agro residues necessary for supply of elaborated options for the
Sabac plant and other relevant data, following machinery is required:

37 http://www.123rf.com/photo 22778815 storage-building-with-straw-bales.html
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Machinery and equipment
Unit Price No of Total Cost
(€) Units (€)
CHP option
Tractor of 140 hp 60,000 6 360,000
Tractor of 220hp 125,000 6 750,000
Gatherer 60,000 6 360,000
Baler 105,000 6 630,000
Trailer 45,000 3 135,000
Telescopic handler 80,000 3 240,000
Total: 2,475,000
HOB option
Tractor of 140 hp 60,000 2 120,000
Tractor of 220hp 125,000 2 250,000
Gatherer 60,000 2 120,000
Baler 105,000 2 210,000
Trailer 45,000 3 135,000
Telescopic handler 80,000 3 240,000
Total: 1,075,000

Table 10: Machinery necessary for biomass mobilization3®

38 Data gathered by on-line and phone inquiry
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11. Legal aspects related to biomass utilization

Legal framework in Serbia related to biomass utilization consists of laws, by-laws, and rule
books, which stipulate referent sectors.

Law on Energy (Official Gazette of the Republic of Serbia No 145/20014) regulates the
production and distribution of energy.

Law on Efficient Use of Energy (Official Gazette of the Republic of Serbia No 25/2013)
among other stipulates metering and billing based on the consumption; introduces
ESCO, and defines energy service.

Law on Public-Private Partnerships and Concessions (Official Gazette of the Republic
of Serbia No 88/2011 and 15/2016) regulates institutional and contractual PPP, and
concessions between public bodies and private partners. According to this Law,
tendering procedure in compliance with the Law on Public Procurement is obligatory
in the process of establishing institutional and contractual PPP without concessions.

Law on Public Procurement (Official Gazette of the Republic of Serbia No 124/2012,
14/2015 and 68/2015) prescribes detailed procedures for procurement of goods,
procurement of works, and procurement of services.

Law on Business Companies (Official Gazette of the Republic of Serbia No 36/2011,
99/2011, 83/2014, and 5/2015) defines types of business companies, legal procedures
for their establishment and operations.

Law on Public Companies (Official Gazette of the Republic of Serbia No 15/2016)
regulates establishment and functioning of companies founded by state and local
governments in order to performing operations of public interest.

Law on Obligations (Official Gazette of the Republic of Serbia No 29/78, 39/85, 45/89,
57/89, Official Gazette of SUSM No 31/93, and Official Gazette of State Union of
Serbia and Montenegro No 1/2003) regulates contracts and torts.

Law on Environmental Protection (Official Gazette of the Republic of Serbia No
135/2004, 36/2009, 36/2009; 72/2009; 43/2011 — Decision of CC, and 14/2016)
regulates sustainable management of integral system of natural values and
environmental protection.

Law on Environmental Impact Assessment (Official Gazette of the Republic of Serbia
No 135/2004 and 36/2009) regulates the impact assessment procedure for projects
that may have significant effects on the environment.

Law on Strategic Assessment of Environmental Impact (Official Gazette of the
Republic of Serbia No 135/2004 and 88/2010) stipulates requirements and procedures
for impact assessment of specific plans and programmes on the environment.

Law on Integrated Prevention and Control of Environmental Pollution (Official Gazette
of the Republic of Serbia No 135/2004 and 25/2015)
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Waste Management Law (Official Gazette of the Republic of Serbia No 36/2009,
88/2010 and 14/2016)

Law on Forests (Official Gazette of the Republic of Serbia No 30/2010, 93/2012 and
89/2015) regulates the conservation, protection, planning, cultivation, use and
management of forests and forest land on the territory of the Republic of Serbia,
including all necessary rules and requirements defining the control over the
implementation of provided rules, monitoring, inspection, as well as other issues
relevant to forests and forest land and areas. The provisions of this Law are related to
forests and forest land in all forms of property.

Law on Forest Reproductive Material (Official Gazette of the Republic of Serbia No
35/2004, 8/2005 — amendment, and 41/2009)

Law on Planning and Construction (Official Gazette of the Republic of Serbia No
72/2009, 81/2009 - correction, 64/2010 — Decision of Constitutional Court, 24/2011,
121/2012, 42/2013 — Decision of CC, 50/2013 - Decision of CC, 98/2013 - Decision of
CC, 132/2014 and 145/2014). This Law regulates: the conditions and modalities of
spatial planning and development, the maintenance and use of building land and the
construction of facilities; carrying out supervision over the application of this Law and
supervisory inspections; other issues of significance in the development of space,
landscaping and use of building land, and the construction of facilities.

Law on Fire Protection (Official Gazette of the Republic of Serbia No 111/2009 and
20/2015)

Law on Safety and Health on Work (Official Gazette of the Republic of Serbia No
101/2005 and 91/2015)

Law on Local Self-Government (Official Gazette of the Republic of Serbia No 129/2007
and 83/2014)

In order to clearly legally define relations between producers of electricity of renewable energy
sources and electro-energetic system of Serbia, on June 13, 2016, the Government of Serbia
adopted following Regulations, published in Official Gazette of the RS No 56/2016:

Regulation on incentives for production of electricity of renewable sources and of highly
efficient combined production of electricity and heating power. (Biomass power plants
are registered for up to 8,600 hours, split into three categories: those under 1 MW are
entitled to 13.26 euro cents per kilowatt, facilities with more than 10 MW get 8.22 cents,
while those in between have a basic incentive of 13.82 cents lowered by the product
of 0.56 and the nominal capacity in megawatts).

Regulation on conditions and procedure for acquiring the status of privileged electric
energy power producer, temporary privileged producer, and producer of electric power
of renewable sources

Other important by-laws related to biomass utilization are following:

Regulation on the contract for electricity take over
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Other important regulations are:

Regulation on incentive of privileged producers of electricity (Official Gazette of the RS
No 12/2016)

Regulation on methodology of determining the price of thermal energy for final users
(Official Gazette of the RS No 63/2015)

Regulation on activities which affect environment (Official Gazette of the RS No
109/2009 and 8/2010)

Regulation on the types of projects for which environmental impact assessment is
obligatory or can be required (Official Gazette of the RS No 114/2008)

Regulation on requirements for the location (Official Gazette of the RS No 114/2008)

Rule Books:

Rule Book on guarantees of origin of electricity production of renewable sources
(Official Gazette of the RS No 24/2014)

Rule Book on energy permits (Official Gazette of the RS No 15/2015)

Rule Book on unified electronic procedure (Official Gazette of the RS No 113/2015)
Rule Book on technical requirements for designing, construction, and control of
equipment under pressure (Official Gazette of the RS No 87/2011)

Rule Book on special fire prevention measures in agriculture (Official Gazette of the
RS No 27/1984)
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12. Financial analysis and economic indicators of biomass supply organization and
financing options

12.1 Investments in machinery, equipment, storage, quality control

Economic indicators are the result of calculation of data adopted for the purpose of this Study.
Choice of technology applied for the establishment of the future plant in Sabac is critical factor
to determining precise data inputs not only for the future plant, but for organization of biomass
supply as well. It is envisaged that straw will be stored at open space; prices are calculated
on a basis of actual data available officially, and/or gathered at the field. Quality control is
performed by the supplier at open storage and by the buyer at the site of the plant, and does
not require large investment in terms of manpower and equipment (multi-tasking, small tools-
e.g. moisture meter), but impacts payment to the largest extent (see Chapter 9.6).

12.2 Operational costs

Annual Operational Costs

CHP option Quantity Unit Unit Price (€) Total (€)
Salaries 15*32 | Man*day 60 28,800*
Straw on field 48,985 t 7 342,895
Gathering and baling 48,985 t 12 587,820
Manipulation, loading, unloading, transport 48,985 t 5 244,925
Additional transport 48,985 t 2 97,970
Storing 48,985 t 1 48,985
Indirect costs and maintenance 10% 135,140
Total 1,486,535
HOB option

Salaries 7*38 | Man*day 60 15,960
Straw on field 18,954 t 7 132,678
Gathering and baling 18,954 t 12 227,448
Manipulation, loading, unloading, transport 18,954 t 5 94,770
Additional transport 18,954 t 2 37,908
Storing 18,954 t 1 18,954
Indirect costs and maintenance 10% 52,772
Total 580,490

Table 11: Annual operational costs of straw supplier

*Calculation of necessary workers and number of working days is shown in Chapter 9.5, Table
No 9.

Operational costs include expenses of the supplier for: salaries, purchase of straw on field,
gathering and baling, manipulation, transport, and storing. Indirect costs and maintenance are
also included in operational costs with share of 10%. Table 11 shows that annual operational
costs are 30.35€/t in case of CHP option, and 30.63€/t in case of HoB option.
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12.3 Economic indicators

Income of straw delivery
Quantity (t) | Unit Price (€) | Total (€)
CHP option
Straw delivery 48,985 40 | 1,959,400
HOB option
Straw delivery 18,954 40 758,160

Table 12: Income of straw delivery (delivered at the plant site)

As aforementioned (Chapter 9.6), with respect to data acquired at the nearest market (AP
Vojvodina), price of straw on the field is 6- 8€/t, while price of big bales delivered at the plant
is 38- 42 €/t. For the purpose of calculation, it is applied the price of 7€ of straw on the field,
and 40€ of straw delivered to the plant.

Economic indicators/ period of 20 years (€)

CHP option HOB option
Year Incomes Costs Balance Year Incomes Costs Balance
0 1,959,400 -3,961,535 -2,002,135 0 758,160 -1,655,490 | -897,330
1 1,959,400 -1,486,535 472,865 1 758,160 -580,490 177,670
2 1,959,400 -1,486,535 472,865 2 758,160 -580,490 177,670
3 1,959,400 -1,486,535 472,865 3 758,160 -580,490 177,670
4 3,196,900 -3,961,535 -764,635 4 1,295,660 -1,655,490 | -359,830
5 1,959,400 -1,486,535 472,865 5 758,160 -580,490 177,670
6 1,959,400 -1,486,535 472,865 6 758,160 -580,490 177,670
7 1,959,400 -1,486,535 472,865 7 758,160 -580,490 177,670
8 1,959,400 -1,486,535 472,865 8 758,160 -580,490 177,670
9 3,196,900 -3,961,535 -764,635 9 1,295,660 -1,655,490 | -359,830
10 1,959,400 -1,486,535 472,865 10 758,160 -580,490 177,670
11 1,959,400 -1,486,535 472,865 11 758,160 -580,490 177,670
12 1,959,400 -1,486,535 472,865 12 758,160 -580,490 177,670
13 1,959,400 -1,486,535 472,865 13 758,160 -580,490 177,670
14 3,196,900 -3,961,535 -764,635 14 1,295,660 -1,655,490 | -359,830
15 1,959,400 -1,486,535 472,865 15 758,160 -580,490 177,670
16 1,959,400 -1,486,535 472,865 16 758,160 -580,490 177,670
17 1,959,400 -1,486,535 472,865 17 758,160 -580,490 177,670
18 1,959,400 -1,486,535 472,865 18 758,160 -580,490 177,670
19 3,196,900 -1,486,535 1,710,365 19 1,295,660 -580,490 715,170
1,403,40
Total 44,138,000 -39,630,700 4,507,300 | Total 17,313,200 -15,909,800 0
CBR 1.11 IRR 13% CBR 1.09 IRR 9%

Table 13: Economic indicators

Economic indicators are calculated for a period of 20 years. Machines used in a process of
straw mobilization (referring to chapter 10.2) should be replaced at every five years; therefore,
calculation of economic indicators includes purchase of new machinery and selling the old one
for a half of a price.
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In case of CHP, Net Present Value is 4,507,300€, while in case of HoB, NPV is 1,403,400.
CBRis 1.11 for CHP and 1.09 for HoB. CHP option shows IRR of 13%, and HoB option shows
IRR of 9%. Analysis of calculated indicators shows higher profitability in case of CHP.

The following sensitivity analysis elaborates impact of variations of the prices of straw on the

field, of delivered straw, and of investments costs in both CHP and HoB options:

CHP option
Price of -30% -20% -10% 0 10% 20% 30%
straw on the
field
NPV 6,706,266 | 7,116,984 | 7,527,702 | 4,507,300 | 8,349,138 8,759,856 9,170,582
CBR 1.18 1.19 1.21 1.11 1.23 1.25 1.26
IRR 12.18% 12.81% 13.42% 13.04% 14.62% 15.20% 15.78%
Price of -30% -20% -10% 0 10% 20% 30%
delivered
straw
NPV -7,249,100 | -3,330,300 588,500 | 4,507,300 | 8,426,100 13,334,900 | 16,803,700
CBR 0.82 0.91 1.01 1.1 1.21 1.34 1.42
IRR -20.98% -9.64% 1.60% 13.04% 26.90% 45.51% 67.79%
Investment -30% -20% -10% 0 10% 20% 30%
costs
NPV 5,992,300 | 5,497,300 | 5,002,300 | 4,507,300 | 4,012,300 3,517,300 3,022,300
CBR 1 1.15 1.13 1.11 1.01 1.08 1.07
IRR 27.00% 21.00% 16.00% 13.04% 10.00% 8.00% 6.00%

Table 14: Sensitivity analysis (CHP)

Analysis shows high sensitivity of NPV to the change of the price of delivered straw. Variations
of 10% up and down for the price of delivered straw impact IRR oscillations from 2% to 27%.

Effects of price variation of straw on the field from -30% to 30% slightly impact IRR, from
12.18% to 15.78%.

Range of -30% to 30% of investment costs impact IRR range from 27% to 6%.

Analysis of economic indicators in case of HoB shows similar results as for CHP. Highest
sensitivity is shown in case of variations of the price of delivered straw. Impact of variations
of this price in a range from -30% to 30% impact IRR in a range from 26% to 45%.
Decrease/ increase of investment costs impacts IRR in a range from 21% to 4%.
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HoB

Price of -30% -20% -10% 0 10% 20% 30%

straw on

the field

NPV 2,279,080 1,899,630 1,564,050 1,403,400 1,111,520 907,187 | 527,740

CBR 1.15 1.12 1.1 1.09 1.07 1.06 1.03

IRR 15.00% 13.00% 10.00% 9.00% 7.00% 6.00% 3.00%

Price of -30% -20% -10% 0 10% 20% 30%

delivered

straw

NPV -3,145,560 -492,000 -112,920 1,403,400 2,919,720 4,436,040 | 5,412,36
0

CBR 0.8 0.97 0.99 1.09 1.18 1.28 1.34

IRR -26.00% -4.00% -1.00% 9.00% 21.00% 34.00% 45.00%

Investme -30% -20% -10% 0 10% 20% 30%

nt costs

NPV 2,048,400 1,833,400 1,617,400 1,403,400 1,188,400 973,400 | 758,400

CBR 1.14 1.12 1.1 1.09 1.07 1.06 1.04

IRR 21.00% 16.00% 12.00% 9.00% 7.00% 5.00% 4.00%

Table 15: Sensitivity analysis (HoB)

12.4 Financing options for biomass suppliers

Individual agricultural producers in Sabac are eligible to apply for grants provided in the City
Budget for the Agriculture. Among other subsidies in a year of 2016, 360 households were
granted for repayment of interest of bank loans for the purchase of agricultural machines and
equipment. Further subsidizing agricultural producers can enhance production and increase
offer of agro biomass residues in Sabac.

At national level, there is ongoing analysis of subsidies in agriculture in Serbia conducted by
Ministry of Agriculture and World Bank representatives®*. The programme of subsidies is
expected to be finalized by the end of the year in order to be effective in 2017. There is also
ongoing process of accreditation of Serbia for the implementation of EU Instrument for Pre-
Accession Rural Development (IPARD) 2014- 2020%.

Within the IPARD measure ‘Investments in physical assets of agricultural holdings’, total of
101,386,667€ is allocated to four sectors (production of milk, meet, fruit and vegetables),
among which is production of cereals, oil crops, and sugar beet, aimed to increasing yields
and improving agro-technology as well as modernizing storing capacities on crop farms.
Specific sector objectives under this measure for the crop sector are the following: purchase
of tractors (up to 100 kw), machinery and mechanization, (except combine harvesters) and

39 http://www.blic.rs/vesti/ekonomija/nedimovic-nema-novca-za-mere-koje-ne-daju-rezultate/09wec04
40 Republic of Serbia IPARD Programme for 2014- 2020, Ministry of Agriculture and Environmental
Protection Republic of Serbia,

http://www.seio.gov.rs/upload/documents/Vesti/2015/IPARD_2014 2020.pdf
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construction of storing facilities and equipment; construction, extension, renovation,
modernization and equipping of storing capacities.

Recipients under this measure are farmers or groups of farmers, whether natural or legal
persons and other agricultural legal entities (e.g. private agricultural enterprises, etc.)
responsible for conducting and financing investments on the agricultural holding (as defined
by the national law and included in the national farm register). Recipients have to have less
than 25% of their capital or voting rights held by public bodies, and registered in the national
Register of Agriculture Holdings in accordance with the Law on Agriculture and Rural
Development*,

41 Official Gazette of the RS No 41/2009, and 10/2013
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13. Conclusion and recommendations

e The Sabac authorities are determined to implementing a fuel switch project to the
benefit of the citizens, to provide necessary support during preparation works, and to
purchase heat energy from the Private Partner.

e Legal framework enables Public- Private Partnerships for such types of projects.
Furthermore, the project is in accordance with National Renewable Energy Action Plan
of the Republic of Serbia.

e There is sufficient quantity of agro biomass residues in the area of the City of Sabacfor
any type of technology (CHP or HoB) using biomass as a fuel, required for production
of 20MW of thermal energy for the District Heating.

e There are potential fuel suppliers at local market interested in a long term business
agreements.

With respect to the listed above, as well as to the subject of this Study, we can conclude that
the project of establishment of CHP/HoB plant in the City of Sabac is feasible. As elaborated
previously, assessment of realistically available types and quantities of biomass residues
considered several critical factors, like road infrastructure and distances, competition at
biomass market, potential investment value, etc. Establishment of the District heating plant
will indisputably enhance the agro biomass market development in the area of Sabac.
Therefore, it is recommended to the stakeholders to support the development of new
potentials in terms of agricultural production, such as:

e There is the land potential at the area for afforestation and expanding the forests of
poplar, as well as for planting other species (e.g. willow), or even new, fast growing
species.

e There are total 274t of broomcorn grown at 175ha in the Macva District, and 40t at
30ha in the Srem District*?. Broomcorn does not require fertile land for growing; its stalk
can be used as biomass.

e Innovative practice in the production of crops has been introduced in Kasarnske Livade
at the Sabac suburbs, by Glusic family. In a year of 2012, they imported 8.5t of
rhizomes of Miscanthus (commonly known as Elephant Grass), and planted it at 8ha.
After three years from planting, they harvested app. 20t/ha of dry biomass.

Miscanthus is a high yielding energy crop (16MJ) that grows up to 4m, and produces a crop
every year without the need for replanting. The rapid growth, low mineral content, and high
biomass yield of Miscanthus increasingly make it a favourite choice as a bio fuel,
outperforming corn and other alternatives. Miscantus is not indegineous specie, so it needs
special permit to get imported and planted. Glusic family established a company
SAMISCANTHUS LLC, which is recognized as one of potential suppliers to the future District
heating plant in Sabac.

42 Statistical Office of the Republic of Serbia
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14. List of interviewed stakeholders

List of interviewed stakeholders
Name Organization Position
5 Chief of Local Economic
1 | Mirjana Mecic Marinkovic City of Sabac Development Department
2 | Slobodan Jerotic City of Sabac Energy Manager
3 | PredragSrdanovic Directorate for Agriculture, Sabac Agricultural Expert
5 Chief of Department for the
4 | Slavica Radanovic PUC 'Stari grad', Sabac City Green
5 | MilojeDragojevic Agricultural Service Sabac Director
Chief of Department for
6 | DragicTomic PUC 'Srbijasume’, LC 'Boranja’ Utilization of Forests
Chief of Department for
PUC 'Srbijasume’, LC 'Sremska Planning and Utilization of
7 | ZvonkoAbjanovic Mitrovica' Forests
8 | Dragan Jovanovic Agricultural School Sabac Director
9 | MiloradJockovic Agricultural Service Sabac Ag Expert for Fruit
10 | Vladimir Kuzmic Agricultural household Agricultural producer
11 | RadeKrilovic Agricultural household Agricultural producer
12 | Aleksandar Krilovic Agricultural household Agricultural producer
13 | Tomislav Zivkovic Agricultural Cooperative 'Tabeks' Director
14 | Janko Zivkovic Tabeks' LLC Director
15 | Jovan Samatic SAMISCANTHUS LLC Deputy Director
16 | Karolj Damjanov Wind Vision Engineer
17 | Bane Stancetic 'Z00 lek’, Bogatic Director

Table 16: List of interviewed stakeholders
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