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1. Executive summary

The project for Pregevo biomass-based DH system perceives 3.5 MW of wood chips boilers
(2 MW+1.5 MW) plus additional 2 x 500 kW of heavy fuel oil boilers. According to the developer of
the technical concept study 3E Solutions, the following wood chips parameters are required: Water
content M30%max; while particle size, ash content, quality class, bulk density and lower calorific
value were not specified. Total annual wood chips quantity requirement is approximately
1,220 tons/year or approximately 5,000 bulk m3 per year at bulk density of 250 kg/bulk m3. If we
consider maximal amount of 1,800 tons of biomass per year needed to produce required guantities
of wood chips, it represents only 1% of total annual wood production in state and private forests in
the Pl inja District. If we accept the specific requirement of the project is water content of maximally
30%, which implicates that wood chips from freshly harvested wood cannot be used i raw material
for wood chips needs to be dried or wood chips need to be dried prior to consumption. Drying time
needed to dry fresh wood from 50-60% water content to 30% depending on the period of the year,
wood species and dimensions, barked or debarked, etc., ranges from 8 to 16 months. The
municipality has the following options: O1 - To contract supply of wood material (firewood/logging
residues/sawmill residues/other residues) and organize storage/drying and chipping; and O2 - To
contract supply of needed quantities of adequate quality wood chips. The difference between O1
and O2 models lies in delegation of roles between partners, reflecting in procurement of finances for
investing, basic goals and management. Most important wood and wood chips suppliers in the
proximity of Pregevo have been identified, some were interviewed and their possibility and propensity
to participate in the supply of the future Pregevo DH system have been analyzed.

Financial analysis presents an overview of envisaged investment and operational costs and incomes
along with calculation of basic financial indicators. Analysis also compares financial indicators of
options O1 and O2. The total investment in the case of O1 is 1,893,800 U, while in the case of 02
the investment costs are 1,808,800 U. Annual operational costs based on above mentioned inputs
are presented below. In case of Ol they are 171,9740 whi |l e i n cas&),69fi. O ott lad
incomes in both options are calculated at 275,230 G / y draQ1,.the investment can be returned in
the 18™ year of operation. Benefit-cost ratio is 1.03, while internal rate of return is 0.93%. In O2,
investment can be returned in the 20" year of operation. Benefit-cost ratio is 1.02, while internal rate
of return is 0.5%. Sensitivity analysis for O1 shows the dependence of IRR on changes of most
important inputs 7 investment costs, chipping costs, logistic costs and raw material costs. The IRR
is mostly dependent on investment costs, while change of raw material costs for 30% up or down
influences IRR for more than 5%. In the O2 scenario, chipping costs and logistics costs are not
present, since wood chips are delivered to the boiler plant by the seller. Inputs affecting, IRR in
sensitivity analysis are investment and wood chips costs. Again, the investment costs are the most
influential, while change of wood chips price for 30% up or down influences IRR change by 8%.
Financial indicators for both scenarios are very similar, and sensitivity analysis as well. Strong
dependency of IRR from investment costs is apparent in both cases.

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. In regard of these factors, the possibility for Pregevo
municipality to procure wood chips on the market is a more favourable option.
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2. Definition of tasks

Wood Chips Supply Study for Pregevo has been ordered by AMBERO Consulting Gesellschaft mbH
asanactivity of the project: ADevelopment of Sust
jointly by KfW and GIZ and funded by German Federal Ministry for Economic Cooperation and
Development (BMZ). Objectives of Consultant® assignment in completion of the Study consisted of:
- Analysis of background:
0 Municipality of Pregevo,
0 Biomass demand of the public buildings to be heated, and
0 Biomass availability;
- Wood chips supply and logistic model:
0 Model concept,
0 Wood and wood chips suppliers,
0 Biomass supply and wood chips delivery contracting, and
0 Woody biomass central storage location i Biomass logistic and trade center;
- Financial analysis:
0 Investment,
0 Operational costs,
o Incomes, and
o Economic indicators: IRR, NPV, BCR, sensitivity analysis.

Consultantd tasks consisted of:
- Task 1: Data collection from relevant sources;
- Task 2: Field visit to the municipality of Pregevo:

0 personal visit to the municipality and analysis of the boiler plant location and storage
locations;

0 interviewing most important potential wood biomass suppliers (forest managers,
forest owners and wood processors) in order to obtain market information, logistic
challenges and to assess their propensity for supply;

- Task 3: Design of wood chips supply and logistic models for the future boiler plant in Pregevo:

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

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

o 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 4: Results of the assessment including:

o summary of findings in an English language written report, provision of electronic
version of the report (WORD, PDF);

0 provision of a PPT-presentation; and

0 Preparation and provision of all other requested outputs.

Pageb of 33
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The report was prepared by Foragrobio CC doo and submitted in June 2019.

3. Methodology

The methodology implemented in the preparation of the report consisted of the following steps:

- Analysis of related literature, regulations and other sources related to wood biomass,
equipment, logistics and municipality/area in question;

- Review of the Pregevo fuel switch + DH grid concept’;

- ldentificationofr el evant stakehol dersdé reprbeduingat i ves
interviews;

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

- On-site analysis of potential locations for biomass storages;

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

- Financial analysis including economic indicators, and

- Reporting.

Literature and sources reviews were focused on obtaining information about the municipality and the
area in question, including their activities in the process of implementation of biomass-based district
heating system. In addition, Serbian regulation related to forestry, wood industry, environment,
transportation, construction and local administration was also analyzed for definitions of potential
impediments in supply of wood biomass. Studies on logistic concepts for individual supply of
municipalities in the proximity of Prege vo havenot b e e n , otheelogistic toncem
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 and consumers of biomass;

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

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

=y
o~

Meetings and face-to-face interviews were carried out in the period of 19" to 21 of June 2019, along
with on-site analysis of possib| e bi omass st oWaod ehipd supplp coacept was s .
designed based on the literature review, local conditions, s t a k eihpats, thgsticsstudies and
available best practice examples. Investment and operational costs assessments were also based

on the review of relevant sources and information provided by interviewed stakeholders, construction
standards and equipment distributors.

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 the development of basic economic indicators in

1 3E Solutions: Elaboration of Technical Project Concept of the Fuel Switch to Biomass in Presevo Including
economic evaluation and recommendations for implementation structure of district heating grid. 2019. GIZ
DKTI.
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case of input increase and in case of output decrease. The report was prepared and submitted to
AMBERO and GIZ DKTI for comments on 26" of June 20109.

4. Background
The chapter below provides basic background information about the municipality of Pregevo, their

fuel switch activities, technical aspects, biomass demand in terms of form, quality and quantity,
biomass availability and legal, financial and political aspects related to biomass supply.

4.1. Municipality of Pregevo

Themapoft h e P rneugiapality, presenting its position in Serbia, along with municipal borders
and major roads is presented in the figure below.
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F-1: Position of Pregevo Municipality

The municipality of Pregevo is situated in Southern Serbia. Administratively, it is a part of the Pl inja

District. Basic information on the Pregevo municipality are presented in the table below.

Info/Municipality

Pregevo

Area [km?]

264

Number of
settlements

1 urban+34 rural

Total population

34,904

T-1: Basic information about the Pregevo municipality
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4.2. Biomass demand of the future heating system for public buildings in
Pregevo

The project for fuel switch in public buildings in Pre§ &o to biomass-based DH system has been in
development since 2018. The map below presents the location of the future Pregevo DH system for
public buildings. The project perceives 3.5 MW of wood chips boilers (2 MW+1.5 MW) plus additional
2x500 kW of heavy fuel oil boilers.

Map data © 2019 Google

3 g

F-2: Position of the future Pregevo DH system and obJects to be connected: schools, hospltal police
station, cultural center

According to the executive summary of the technical concept study by 3E Solutions, referring to
SRPS EN ISO 17225-4% the following wood chips parameters are required: Water content

2 http://www.iss.rs/rs/standard/?natstandard _document id=53689
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M30%max; Particle size: not specified; Ash content: not specified; Quality class: not specified; Bulk
density: not specified; Lower calorific value: not specified.

Total annual wood chips quantity requirement is projected at up to 1,220 tons/year or approximately
5,000 bulk m3 per year at bulk density of 250 kg/bulk m3. The total amount of woody biomass required
for production of needed quantities of dried wood chips should be around 1,800 tons/year.

4.3. Biomass availability

Biomass availability for the future Pregevo heating plant has not been analyzed in detail so far.
Nevertheless, if we consider maximal amount of approximately 1,800 tons of biomass per year
needed to produce required quantities of wood chips, it represents only 1% of total annual wood
production in state and private forests in the P inja District. Total amount produced in state forests
managed by PE Srbijagume in the Pl inja District i Vranje forest estate exceeds 100,000 m3/year
(70% firewood or cellulose wood). On the other side, total production in private forests in the area is
up to 50,000 ms3/year, while amounts of sawmill residues are scarce and utilized internally for
sawmills energy production. There are no developed local pellet factories, nor other industrial
consumers of forest residues, firewood or cellulose wood. Only local population is using firewood,
and most of the wood produced leaves the area to sawmills, pellet and chipboard factories up north
(Leskovac area, Central or Western Serbia) or to firewood traders down south to Macedonia or
Greece. Considering that wood chips quality requirements for the project, apart from water content,
are not clearly specified, but lean toward high quality if M30 request would be approved, other
potential sources of woody biomass such as green branches and tree tops as forest residues, shrubs
from roadside and water shed clearing should not be considered, due to their high bark share in total
wood volume which increases ash content of the wood chips. Woody biomass from orchards might
have similar effect in ash content increase of wood chips. However, in case that wood chips boilers
which can burn lower quality wood chips in terms of water content, ash content, etc. were used, then
woody biomass sources such as: roadside and river bank woody vegetation and forest residues
including green branches and tree tops, could be considered as well.
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5. Wood Chips Supply and Logistic Model

Wood chips quality requirement determines the applicable logistics concept more than wood chips
guantities requirement i quantities determine the scale of the implemented concept but not the
concept model. If we accept the specific requirement of the project is water content of maximally
30%, which implicates that wood chips from freshly harvested wood cannot be used i raw material
for wood chips needs to be dried or wood chips need to be dried prior to consumption. Natural drying
of wood prior to chipping is the most common method for production of dried wood chips. Such
concept is already implemented in biomass logistic and trade centres?. Other options include artificial
drying of wood chips in rotary or belt dryers, but those options are implemented in wood pellet or
chipboard factories or in wood gasification, where drying below 20% is needed in short period of time
and where added value of the product can justify investment costs of drying installations. Several
researches* about natural drying time needed for achieving different water content of wood before
chipping or of wood chips indicate that the time needed to dry fresh wood from 50-60% water content
to 30% depending on the period of the year, wood species and dimensions, barked or debarked,
etc., ranges from 8 to 16 months. We can accept 12 months as applicable in Serbian conditions,
only if wood is properly dried.

Necessity to provide drying time and space in wood chip supply chain for the future DH system of
Pregevo implicates the following logistic concept - wood chips need to be produced in the biomass
logistic and trade centre, or at least an adequate storage point for drying wood material prior to
chipping needs to be provided. Wood chips can be produced from firewood, logging residues without
leaves or branches, sawmill residues, other wood delivered to storage point for drying. Considering
small amounts of required wood chips for the Predgevo fuel switch/heating grid project, such storage
point can be organized by the municipality or by private companies interested in wood chips supply.
Considering that there are no other wood chips DH systems in development in Southern Serbia, it is
guestionable if there is a clear business opportunity to develop biomass logistic and trade centres
which would supply those wood chips consumers in the future. Primary suppliers of wood for chipping
in the chain are state forest managers i PE Srbijagume and small-scale private forest owners.
Therefore, the municipality has the following options:

- 01 - To contract supply of wood material (firewood/logging residues/sawmill residues/other

residues) and organize storage/drying and chipping; or
- 02 - To contract supply of needed quantities of adequate quality wood chips.

This chapter will elaborate supply and logistic concept models in detail including analysis of potential
suppliers and organizational and contracting options.

5.1. Model Concept

3 See more at: http://bioresproject.eu/

“http://lwww.metla.fi/julkaisut/workingpapers/2010/mwp186.pdf and
www.biomasstradecentre2.eu/scripts/download.php?file=/data/pdf vsebine/Technical backgrounds/XI.Te
chnical backgrounds.pdf
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Applicable woody biomass supply chain model is presented in the figure below. Following operations
are present in this supply model concept:
1. Woody biomass production and collection, encompassing:
a. Wood and biomass harvesting i in case of utilizing woody biomass from the forests;
b. Wood and biomass extraction to the forest road, or central log storage 1 in case of
utilizing woody biomass from the forests;
c. Wood processing with woody biomass produced as residues in primary production i
in case of utilizing solid sawmill residues as woody biomass;
d. Woody biomass transport to the central biomass storage;
2. Operations in BLTC, including:
a. Storing and natural drying of woody biomass;
b. Wood chipping;
c. Storing of wood chips;
d. Woody biomass and wood chips manipulation;
3. Wood chips transport;
4. Wood chips consumption in DH plants including:
a. Wood chips storing in DH storage;
b. Wood chips manipulation; and
c. Wood chips consumption.

F-3: Wood chips supply model concept

Wood and woody biomass production and collection is organized by forest owners and managers.
In mountain and hilly areas such as Southern Serbia, harvesting is performed with chainsaws, while
wood extraction is performed by skidders or agricultural tractors adapted for skidding operations.
This is the practice in both state and private forests and the most significant differences between
operations in state and private forests is in the density of forest roads and skid line network, and
scale of harvesting operations. Individual private forest owners perform harvesting operations in

Pagellof 33



DKTI (GIZ) Program "Development of sustainable bioenergy market in Serbia™:
Wood Chips Supply Study for Pregevo Municipality

smal |l er areas, usually at one or sever al f orest

operations in one or several sections in forest management units. In the area there is an issue of
drying pine plantations, which are subjected to clear cut with harvesting machines, and wood is
extracted using forwarders. Woody biomass transport to the central biomass storage - BLTC
encompasses loading unprocessed woody biomass to a transport vehicle at forest or sawmill storage
and its transport to biomass central storage. Biomass central storage is a storage facility with enough
space to store unprocessed woody biomass and wood chips and provide space for manipulation
with engaged machinery. At central storage woody biomass is processed by wood chippers into
wood chips. Wood chips can be stored at central storage, preferably in sheds, in order to provide
drying and protection from further decay. Manipulation and loading of woody biomass are usually
performed by telescoping handler or front loaders. However, application of tractors with front loader
can also be possible. In case of vicinity of woody biomass to DH plants, an option of moving wood
chipper to the processing site and direct delivery to DH plants can also be applied. For flexibility it is
necessary to include mobile wood chippers in the operations.

Transport of wood chips from central storage to DH plants should be performed with vehicles which
can be automatically unloaded. Such vehicles need to be in line with traffic regulations, especially if
DH plant is located in the city where truck transport is not allowed. For longer transport distances in
location accessible by large vehicles, tow trucks and walking floor trailers with capacity of 90-100 m3
are usually utilized, however for smaller distances kipper trucks or trucks with unloadable container
can also be utilized. Tractors with unloadable trailers can also be used for wood chips delivery at
smaller distances.

F-4: Applicable raw material for wood chips and wood chips: dry firewood and forest residues, wood
chips stored under roof
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F-5: Not applicable raw material for wood chips and wood chips: green and fresh logging residues,
green wood chips stored in the open

F-6: Capacities needed for wood and wood chips storage, production and transport i wood chippers,
self-unloading trailers and applicable vehicles, telehandlers/front loaders

Wood chips storage in a DH plant usually requires space for a few days or one week of operation,
with perceived reserves in winter time to cover inaccessibility of transport vehicles, due to the
unperceived events such as winter storms causing road blockade. The table below presents the
organizational model in two supply options for the Pregevo municipality.
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