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1. Executive summary

Project for Z a j e Biomass-based DH system is currently in development. There are 2 biomass
boiler houses where project design is ongoing. First project of 0.75 MW capacity should be a small

district heating system for several schools, sport hall and city theater. Second projectof Zaj el ar

Medical Center biomass boiler house should be 2.2 MW. Total annual wood chips quantity
requirement is projected at up to 3,600 tons/year or 10,000 bulk m3/year, at bulk density BD of
360kg/bulk m3. Considering raw material for wood chips production consisting of. road side
vegetation, river bank vegetation, scrubs from park management, thin branches from orchard
pruning, along with raw material from forest residues, quality demand for wood chips according to
SRPS EN ISO 17225-4 should be: Water content up to M55%max in order to reduce drying period;
Particle size: P31/31S-P45S; Ash content up to A5.0; Quality class Al, A2, B1, B2. Bulk density:
BD 300-450 kg/bulk m3; Lower calorific value min: 8 MJ/kg.

Total amount of firewood and forest residues produced in the area is around 200,000 tons /year.
Considering the volumes calculated total demand of future Z a j ebiomass-based boiler houses of
3,600 tons/year represents 1.8 % of annual firewood and forest residues production in the forests
of timocka region. However, even though the wood production output in the area have been
increased, the demand for wood have increased even more, along with the prices. Total amount of
available woody biomass from clearing of roadsides of local roads only in the Z a j eCitparea is
assessed at 350 t/year, whilein Z a j eahdneighboring municipality total amount of available woody
biomass from road sides clearing is up to 2,300 tons/year. Total amount of available woody biomass

per year from clearing of second gr aedrioryofithe @ty s 6
of Zaj ei$ upito 630 tons / year. On the other hand, if banks of Timok within City of Z a j edrea r

included there can be additional 520 tons / year. In case banks of Timok are not included, total
potentially available annual amounts of woody biomass originating from banks of the rivers managed
by Z a j ednaits neighboring cities and municipalities are 1,900 tons per year and if river banks
managed by PE Srbijavode are included, total woody biomass potential from river banks can be up
to 3,353 tons / year. In addition, 500 tons / year are available from city parks and park forest

management. Availability of agricultural biomass in the territory of the City of Zaj elisar

3,000tons/year while in Z a j edounty is 3,400 tons/year. In vicinity there is a strong potential of
agro-biomass in Negotin of 9,000 tons/year. Agro-biomass have specific requirement in terms of
logistics, storage and combustion. It requires significant amount of storage space for straw on one
side and machinery for logistics on the other side. It also requires specific boilers and grates
constructed to deal with high ash content and low ash melting point. Agro biomass boilers are in
average 40-60% more expensive than boilers for woody biomass, also usual scale of the boilers is
over 1 MW. Therefore, we cannot recommend agro-biomass boilers and utilization of agro-biomass
for Z a j eliomass boiler houses.

Cityof Z a j erécagnized the opportunity of developing wood chips production and made first steps
in machinery procurement for road side clearing operations and wood chips production. Their idea
is to produce wood chips to satisfy their boiler houses demand and if possible to sell it to other users
in future. In regard to road side clearing operations their idea is to perform the activities on part of
the road network within City jurisdiction and in other municipalities in the area if applicable. Same
machinery can used for river banks clearing as well. If needed additional quantities of raw material
for wood chips production the City can procure from companies managing forests, private forest
owners or companies managing orchards. Also, there is a possibility to procure additional wood chips
guantities on the market. The City have following options: O1 - To contract, organize and perform
supply of wood material (firewood/logging residues/river banks, road sides vegetation) and organize

Pageb of 59

k



DKTI (GIZ) Program "Development of sustainable bioenergy market in Serbia™: Z a j eWoad Chips Supply Study

storage and chipping; and O2 - To contract supply of needed quantities of adequate quality wood
chips.

Total investment in case of Ol is assumed at 2,340,000 0 o r00,(Q® i n cashAmnuaf O
operational costs based on above mentioned inputs are presented below. In case of O1 they are
148,820 u while in case of O2 they are 191,600 U Income is perceived as sale of 8,100 MWh of heat
for500/ MWh hy p ot h Eotaliincanks inpboth aptéons are calculated at 405,000 G / y drar .
O1 investment can be returned in the tenth year of operation. Benefit cost ratio is 1.52, while internal
rate of return is 10.43%. In O2 investment can be returned in the tenth year of operation. Benefit
costratio is 1.39, while internal rate of return is 9.99%. Sensitivity analysis for O1 shows dependence

of iRR from change of most important inputs 1 investment costs, chipping costs, logistic costs and
raw material costs. iRR is mostly dependent on investment costs, while change of other inputs is not

so relevant. In O2 scenario chipping costs and logistics costs are not present since wood chips is
delivered to DH by There is an almost equal influence of investments and wood chips costs. The
change of investment costs for 30% up and down affects iRR change from 17% to 10% and 10% to
6%. The change of wood chips prices effect is similar, in case of 30% increase of wood chips price
iRR will drop from 10% to 6%, while in case of price reduction it will rise from 10% to 14%.

Financial indicators for both scenarios are very similar however sensitivity of iRR from the price of
wood chips is apparent in case of O2, while investment costs are most influential in both scenarios.
There should be no significant financial differences if Z a j edrgamnize supply of raw material for
chipping and facilitate storage and production of wood chips, or if wood chips would be procured on
the market. Considering medium quantities of required wood chips and relatively high investment
costs for the whole DH systems and needed machinery the level of investment costs has the highest
influence on project profitability, while influence of wood chips costs and other costs is not significant
in case of Z a j edrganizes own supply and production, but it is relevant in case of wood chips
supply on the market. However, major difference between elaborated supply options is in
organization and possibility of local administration and local communal company to organize a
business activity, know how, efficiency, competitiveness and allocation of supply risks. Although
there are no successful examples of local administrations organizing raw material supply and
production, especially when it comes to wood chips, which is a new product in Serbian market,
Z aj e dlready decided to organize production of wood chips from road sides clearing and is
developing technical capacities in this direction. Therefore, future activities of the City should focus
on development of know-how and further capacities in production and also commercial activities
related to wood supply and processing. In case that City fails to supply and produce needed
guantities of wood chips, for additional quantities municipality would need to organize preparation of
tender, contracting, monitoring and developing control mechanisms which will ensure efficient and
timely supply of needed quantities of adequate quality wood chips.
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2. Definition of tasks

Zaj eWaod Chips Supply Study is developed asanacti vity of the projecd
Sustainable Bioenergy Market in Serbiaodo i mpl emen
Federal Ministry for Economic Cooperation and Development (BMZ).
ObjectiveofConsul t ant sdé assi goftheStudysconsistedof.o mpl et i on
- Assessment of required quantities of wood biomass for Z a j eDHalants;
- Analysis if available woody biomass potential (logging residues, sawmill residues, roadside,
river bank biomass, or char ds 6 pinthegivengrea neests tideueguested
amounts and quality of wood chips for Z a j eDHaproject;
- Biomass market situation in the given area, identification of potential suppliers (specialized
woody biomass mobilization companies, major wood processing companies, and producers
of wood chips and wood pellets, etc..) and their potentials and propensity for supply in
terms of quantity, quality and other properties;
- Price expectations for wood chips including each category of wood residuals and costs of
wood chips production;
- Biomass storage and overview on technology and machinery to be used in biomass harvest
or collection and logistic chains and wood chips production;
- Supply chain management and contracting including financial analysis and economic
indicators of biomass supply organization and financing options (Investments in machinery,
equipment, storage, quality control; Operational costs; Economic indicators including
sensitivity analysis)

Consultantd tasks consisted of:
- Task 1: Field visitto the Cityof Za j e | ar
o personal visit to the City and analysis of DH location and storage locations;
0 interviewing most important potential wood biomass suppliers (the City, forest
managers, forest owners and wood processors) in order to obtain market information,
logistic challenges and to assess their propensity for supply;

- Task 2: Design and verification of wood chips supply and logistic models for district heating
plantsinZaj el ar

0 analysis and design of biomass supply chain models and verification of an optimal
model of biomass supply chain in order to find, collect, chip, and deliver wood biomass
to district heating plant in the most economically efficient way;

o provision of all costs of biomass supply chain (raw materials, collecting, storage,
transport, drying, chipping);

0 provision of conclusions regarding optimal model of biomass supply chain as well as
recommendations and instructions how to achieve better, cheaper and more reliable
logistic concepts;

0 provision of recommendations and instructions regarding models of contract between
potential suppliers and the municipality.

- Task 3: Results of the assessment including:
o summary of findings in an English and Serbian language written report as well as to
provide electronic version of the Study (WORD, PDF);
0 provision of a PPT-presentation;
0 Preparation and provision of all others requested outputs.
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Report was prepared by Foragrobio CC doo! and submitted in September 2018.

1 http://www.foragrobio.rs/
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3. Methodology

Methodology implemented in the preparation of the report consisted of following steps:

- Analysis of related literature, regulations and other sources related to woody biomass,
machinery, equipment, logistics and city/area in question;

- ReviewofZ a j eDHasystem concept;

- ldentificationofr el evant stakehol dersé reprsbeduingat i ves
interviews;

- Meeting and/or face to face interviews with relevant stakeholders;

- On site analysis of potential locations for biomass storages;

- Availability analysis of woody biomass originating from riverbanks and road sides;

- Design of wood chips supply concept including investment and operational costs
assessment;

- Financial analysis including economic indicators;

- Reporting.

Literature and sources review was focused on obtaining information about municipality and area in
guestion, including their activities in the process of biomass-based district heating system
implementation. In addition, Serbian regulation related to forestry, wood industry, environment,
transportation, water management, construction and traffic and local administration were also
analyzed for definitions of potential impediments in supply of wood biomass. Logistic concept studies
and other relevant studies on wood biomass availability were analyzed as well. Potential
stakeholders were identified as representatives of the following groups:

- local administration (municipal authorities) I decision makers, potential suppliers and
consumers of biomass;

- public enterprise managing state owned forests (regional level) T supply and contracting
wood biomass and information about forest production in state and private forests, forest
infrastructure and other potential suppliers;

- existing wood and biomass processors and suppliers i supply and contracting and market
information;

- other land and forest owners and managers i forest companies and mining operation
companies as potential source of wood;

- water management company i supplying woody biomass originating from river banks;

- fruit producers 1 supplying woody biomass originating form orchard pruning.

Meetings and face to face interviews were carried out in the period of 20" of July and 215 to 24™ of
August 2018, along with onsite analysis of possib | e b i o ma s bcatbnsor ages 6

Special methodology was developed for availability assessment for biomass deriving from roadsides
and river banks. Methodology consisted of mapping the area using shape files and topographic maps
in order to define lengths and graphic image of rivers, roads, municipal boarders and forest areas.
For the mapping an open source software Quantum GIS? was used. In the next step, when length of
rivers and roads were identified, and area of vegetation zone was calculated using different zone
widths from 2 to 5 meters. Also, the vegetation cover of areas was assessed and applied along with
expected yield of vegetation to harvest in every 5 years.

2 https://qgis.org/en/site/
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Wood chips supply concept was designed based on the literature review, local condition,
st a k e h oinpatse logislic studies and available best practice examples. Investment and
operational costs assessment were also based on review of relevant sources and information
provided by interviewed stakeholders, construction standards and equipment distributers.

Financial analysis, based on defined investment and operational costs, included application of
methods for calculation of net present value, internal rate of return, benefit-cost ratio, period for return
of investments and sensitivity analysis showing basic economic indicators development in case of
input increase and in case of output decrease. Report was prepared and submitted to GIZ DKTI
comments on 07" of September 2018.
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4. Background

Chapter bellow provides basic background information about The City of Z a j € theairrfuel switch
activities in district heating systems, technical aspects, and the assessment of biomass demand in
terms of form, quality and quantity.

41.TheCityofZaj el ar

Map of the City of Z a | e presenting its position in Serbia, along with city boarders and major roads
is presented in a figure bellow.
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F-1:. Position of The Cityof Za j e | ar

The City of Z a | ei$ sduated in in the Region of Eastern and Southern Serbia. Administratively it is
apartof Z aj eCQoanty. Basic information on the City of Z a j edregresented in table below.

Info/City Zajelar
Area km? 1,069
No of settlements 1 urban+40 rural
Total population® 59,461 (43,860 in Z a j eurbarrarea)

T-1: Basic information about the CityofZaj e | ar

3 According to 2011 Census - http://popis2011.stat.rs/?page id=2162
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4.2. Biomass Demand of Z a | e District Heating System

Project for Z a j e Biomass-based DH system is currently in development. There are 2 biomass
boiler houses where project design is ongoing. First project is a small district heating system for
several schools, sport hall and city theater. Map below presents the location of the public buildings
Z a j ebiomass-based DH system.
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F-2: Position of future Z a j eHliomass DH system

Considering project design is not completed, for the purpose of this study the consultant roughly
calculated required heat power and biomass demand. Considering heat area of 12,400 m?, required
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heat of 120 W/m? and 50% of the heat demand as base load to be covered by biomass boilers while
rest covered by light oil of compressed natural gas boiler as backup and peak load, total biomass
boiler capacity of 0.75 MW should be sufficient. Considering current biomass market situation and
Z aj eCitgplans to produce wood chips from biomass deriving from cleaning the road sides and
river banks, low quality, high ash content, wet wood chips is perceived as fuel for the biomass boiler.
Considering 2.52 kWh/ kg as an energy value of M45 wood chips, 89% of boiler efficiency and 2,500
hours working on 100% regime and 1,500 hours working on 30% regime, total wood chips demand
should be up to 990 tons.

Boilers will be installed in the new boiler house close to city football stadium. Picture below shows
future boiler house location and heat consumers.

. =

- Photo by Foragrobio cc doo © 2018 GIZ DKTI

F-3: Future Z a j ewoedrchips boiler house location and high school center as major heat consumer

Second project is a boiler house in frame of Z a j eNledical Center. Below there are pictures and
the map of location of the Z a j eNledical Center.

Considering project design is not completed, same principle for capacity and demand calculation as
in the case of the previous boiler house were applied. Considering heat area of 37,000 m?, required
heat of 120 W/m? and 50% of the heat demand as base load to be covered by biomass boilers while
rest covered by light oil of compressed natural gas boiler as backup and peak load, total biomass
boiler capacity of 2.2 MW should be sufficient. Although the City does not plan to supply Medical
center directly since it is not in the city jurisdiction, considering current biomass market situation we
believe that low quality, high ash content, wet wood chips should be perceived as fuel for the Medical
center biomass boiler as well.

Considering 2.52 kWh / kg as an energy value of M45 wood chips, 89% of boiler efficiency and 2,500
hours working on 100% regime and 1,500 hours working on 30% regime, total wood chips demand
should be up to 2,630 tons.

Pagel3of 59



DKTI (GIZ) Program "Development of sustainable bioenergy market in Serbia™: Z a j eWoad Chips Supply Study

Photo by Foragrobio cc doo © 2018 GIZ DKTI

F-4:Z a | eNledical Centre i one clinic building, boiler house and the steam piping system

Considering raw material for wood chips production consisting of: road side vegetation, river bank
vegetation, scrubs from park management, thin branches from orchard pruning, along with raw
material from forest residues, quality demand for wood chips according to SRPS EN I1SO 17225-4*
should be: Water content up to M55%max in order to reduce drying period; Particle size: P31/31S-
P45S; Ash content up to A5.0; Quality class Al, A2, B1, B2. Bulk density: BD300-450kg/bulk m3;
Lower calorific value min: 8MJ/kg.

Total annual wood chips quantity requirement is projected at up to 3,600 tons/year or 10,000 bulk
m3/year, at bulk density BD of 360 kg/bulk m3.

4 http://www.iss.rs/rs/standard/?natstandard document id=53689
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5. Biomass availability

Biomass availability for Z a j e DHa plant have not been analyzed so far. However, biomass
availability in the region have been analyzed in frame of the fuel switch activities of Negotin, Kladovo
and Knjazevac, supported by KfW bank back in 2014°. Those analysis focused on availability of
firewood, sawmill residues and forest residues within 50km radius of supply of mentioned towns.
Analysis of agricultural biomass availability® was performed for all Serbia in frame of GIZ DKTI project
and also covered Z a j edné@ surrounding municipalities. So far there were no analysis covering
wood biomass availability from road sides and river banks. Also, availability of woody biomass
deriving from orchard pruning have not been analyzed so far.

5.1. Availability of firewood, forest residues, sawmill residues and wood chips

Z aj eib sitwated in former timocko forest area, which is covering slightly reduced territories of
counties of Z a j edndBor or complete municipal territories of Z a j e Bddjevac, Knjazevac, Bor,
Negotin and Kladovo and a part of Majdanpek municipality (Donji Milanovac area). There are
215,000ha of forests and forest land, from which 60% is private. State forests in the area are
managed by PE Sr b i | afgrestnestate Timocke sume Boljevac. Small scale private forests are
managed by their owners and professional tasks within are performedby PESr b i | &f Tinmeke
sume Boljevac. There are three medium scale private forests owners i Timok Parish of Serbian
Orthodox Church and church owned forests are managed by Foresting doo consulting company.
Second medium scale private owner is a company Rakita Explorations which is buying forests and
land for development of a copper mine. And the third is agricultural company Salas doo. There are
also state-owned forests managed by currently State owned, but in privatization process RTB Bor.
Also, there are forest managed by the cities and municipalities. All of the mentioned forest owners
and managers will be elaborated in detail in the chapter 6.2.

Total annual wood harvesting volume of forests inTimok region exceeds 280,000 m®/year, where
planning harvest in state forests is 160,000 m*/year and in private forests exceeds 120,000 m®/year.
In addition, the area especially forests in municipalities of Boljevac, Knjazevac and Z a j eweeer
significantly affected by ice breaks in 2014 and clearing of damaged trees took place from 2015 to
2018.

In state forests over 190,000 m? is cleared and 30,000 m? will be cleared this year. Every year from
2015 to 2018 around 60-80,000 m®/year where cleared in private forests affected by ice breaks.
Although ice breaks damaged trees were cleared in most of cases, there is a significant amount of
wood drying occurring in forests affected by ice breaks, where harvesting of damaged trees opened
tree crowns and barks to direct sun light. Therefore, increase of harvesting volumes in the next years
is also possible. Considering 20-40% share of technical wood and 5-10% share of usable forest
residues, total amount of firewood produced in the area is over 160,000 m® or 180,000 tons
considering that hardwood is dominant.

52014. Pre-Feasibility Studies on 15 Biomass CHP-plants for District Heating Companies in Serbia for Serbian
cities/ municipalities: Bajina Bagt a, Lal ak, Jagodi
Nova Varog, Novi Pazar, Priboj, Gabac, Trstenik, V

6 2017. Study on Agro biomass availability in Serbia. Wieser, H. Milijic, V. for GIZ DKTI. http://www.bioenergy-
serbia.rs/images/documents/studies/20171028 Agrobiomass Study.pdf
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In addition, around 23,000 tons of forest residues can be used for wood chips production plus
additional lying material in forests damaged by ice breaks. Additional amounts of unplanned wood
harvesting deriving from forest conversion to mining land can also be expected in near future.
Considering the volumes calculated total demand of future Z a j ebiomass-based boiler houses of
3,600 tons/year represents 1.8% of annual firewood and forest residues production in the forests of
Timok region.

Photo by Foragrobio cc doo © 2015-2017 GIZ

F-6: Ice breaks in Z a ] e Bogewac and Knjazevac area

However, even though the wood production output in the area have been increased, the demand for
wood have increased even more, along with the prices. Most significant wood consumers in Serbia
such as Kronospan’, the chipboard factory, Sparrow® and Eko Step pellet® as pellet factories are
supplying from the area. In addition, Bioenergy point'® the pellet producer, one of the largest wood
consumers is based in Boljevac and most of their 100,000 tons/year wood demand is covered from
the area. This company is constructing a 2.4 MWel wood chips combined heat and power plant!!
which should be operational next summer consuming additional 30,000 tons/year of wood chips.
Also, there is another local pellet company KMD Pellet!? from Kladovo area. Four companies
mentioned are competing to supply from both state and private forests and they have developed
wood harvesting capacities to supply from wood on stump sale of forests damaged by ice breaks. In
addition, there is a traditional production of firewood to supply local population and cities in Vojvodina

7 https://rs.kronospan-express.com/sr

8 http://sparrow.rs/kontakt/

9 http://www.ekostep-pellet.rs/en/about-us

10 http://www.bioenergy-point.rs/

11 http://www.mre.qgov.rs/doc/registar230818.html#Sec_Biomasa

12 http://www.kmdcompany.com/pelet-pellet.html
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