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Masterplan of forestroadsin Republiof Srpske

1. Introduction

The Master Plan of Forest Roads in the Republic of Srpska is a unique document that
for the first time comprehensively and thoroughly analyzes the use of forests, and explains
the current problems in the area of openifgrests, cutting, making and transporting forest
timber assortments to the end user. This is a kaign document, and it is planned that in
the next 30 years the forest farms will follow the directions of the strategic plan, implement
the planned projed of forest truck roads, as well as directions and guidelines for further
development otthis sectorin forestry.

The Strategic Plan contains detailed analyzes and instructions that were necessary for
the preparation ofthis document:

1. Analysiof the forestroadsnetworkin the Republicof Srpska,
2. Analysisof the labortechniquesandtechnologiedor the forestexploitation,
3. Analysisof possibilitiesfor achievingadditionalvalueof wood processingandbiomass,

4. Analysisof the possibilitiesfor achievingadditional value by exploiting mushrooms,
forest fruits andmedicinal herbs,

5. Analysisof the responsetimes to forest fires and forest fire extinguishingcapacities,
with proposals foimprovementmeasures,

6. Guidanceandguidelinesfor the construction,reconstruction rehabilitationand
maintenanceof forestroads,

7. Preliminaryfeasibilitystudyof the forestroadsnetwork in the Republicof Srpska,
8. Model of forestroadsin the geographignformation system(GIS).

Chapter Analysis of the network of forest truck roads" is based on the original data
gathered from the field, which included recording of all roads with GPS devices and data
input based the type, category and state of the road. A survey was conducted
simultaneous}t with the questions to whichforestry units (FMU) provide@dnswers and
suggestions for improving measures and activities in this area. All data has also been entered
and the geographic information system (ArcGIS), based on which were obtained data on
absdute and relative openness, as well as other analyzes foreseen in the project task. On the
basis of the obtained results it was established that the absolute openness of forests and
forest land in the Republic of Srpska is 9,28m/ha, which is quite lovelatian to the
surrounding and European countries. Within this chapter an analysis of the FWA towing
along the slope and down the slope was performed, where results show that an average of
60% FWA is directed down the slope, while about 30% of the FWitnésl aat along the
slope.
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"Analysis of the labor techniques and technologies for the forest exploitation" shows,
based on the collected data by the survey on technologies, technological processes, labor
resources and organization of work in the exploitation of forests of the RepabBrpska, it
was realized that there is a great variety in terms of organizationalsolutions for the
realization of forest technology, as a consequence, it is difficult to plan, design, implement
and control the realization of technological processes with the risk of damage to the forest
and the occurrence of accidents at work, as well as the impact on technology modernization.
Onepositivestepin the developmentof forestryis that the PFE'SumeRepublikeSrpskeas
auserof forestsand forestlandsoperates inaccordance with FSandards.

Chapter "Analysis of the possibilities for achieving additional value for wood
processingand biomass'in detail analyzes the current needs for fordsbmass in our
country and in the world with a crosautting of quantity and demand of forest biomass in
the domestic and international market. The obtained data show that there is a respectable
amount of FWA thatcan be usedas a forestbiomass forenergy. An annual amount of
around 804,779.00m3/year of forest biomass (fire wood + cellulose wood) could be
provided, while the remaining forest mass in the forest (forest residue) is estimated to
provide additional up to 562,772.00 m3/year of forest m@ss. This forest residue is very
difficult to send to the market with the current technology because it is triturated and
scattered athe cutting area,andfor this reason itscollection isverycomplicated.

In the chapter Analysis of possibilities for achieving additional value by exploitation
of mushrooms, forest fruits and medicinal herbs", was made the requirement analysis for
these products. The tendency of the increasein demand on the market for non-wood
products was determined. The analysis showed that we do not have adequate data on the
guantity and exact location of individual ngmimary products, and that the quantities and
values in the sphere of estimation are shown. The collection ofwood fores products in
the Republic of Srpska deals with a large number of rural population and this is an important
source of income for them, and several large companies, and a number of small, relatively
new companies, are involved in the purchase, productiot processing of fungi, medicinal
and aromatic herbs and forest fruits in the Republic of Srpska. The analysis showed that PFE
"Sume Republike Srpske" have negligible benefits from this type of product. Data for a
particular area or region are not availalllecause accurate records are not kept and there is
no adequate regulatory mechanism. According to the currently available data, we managed
to identify only certain private companiesthat paid the symboliccompensationto PFE
"Sume Republike Srpskigr the collectionof non-wood forest products.

The chapter "Analysis of responsetimes to forest fires and forest firefighting
capacities, with proposal for improvement measures," deals specifically with the entire area
of the Republic of Srpska and as a focus separates Herzegovina as the most endangered area
of forest fires. Thematicmapsof the classificatiorof fire threats accordingto the degreeof
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vulnerability as well as the thematic maps of tiluence of forest roads on the response
time and the amount of forest roads needed for prevention have been developed.-Large
scale fires in the area are almost continuously during the recent years managed by the Karst
Management Center in Trebinje. Tliee cause is a human factor in 90% of cases, so it is
proposed that, with the purchase of necessaryequipment and construction of fire
protection roads, adequate education and familiarization of the population with the dangers
anddamagesausedby forestfiresare carried out.

The "Guidelines and directives for the Construction, Reconstruction, Rehabilitation
and Maintenance of Forest Roads" aim to provide a clear picture of the type and stages of
work during the construction, reconstruction, rehabilitation and maintenanceof roads.
Structural elements of forest roads, the most frequent damages of these instructions, and
the way of construction reconstructionandtuning of the forestroadsnetwork are shown.

The chapter, which is most commonly called ti@alitative - Quantitative Analysis
of the Opennessof the Forestsof the Republicof Srpska",encompassesnultidisciplinary
and multicriteria analysis of the forest roads network in the Republic of Srpska. For each
FMA, the two National Parks and the Karst Center describe the geographicposition,
geological, pedological and characteristics, and the terrain classification of the FMA. Within
each FMA, absolute and relative openness of the forests is shown for each economic unit. An
analysis of FWA towirglong the slope and downhill the slope, the suitability of the area for
selecting the transportation vehicle, also was performed the quantity of assortments with
cuttingandtowing prices.

Modern forestryis unthinkable without the use of new information technologies.
One of the most significant in this area is GIS. Geographic Information System (GIS) is a
system for managing spatial data and properties associated with them. In the strict sense, it
IS a computer system capable of integrating, recordingtiregl analyzing and displaying
geographic information. This software package is the most complete working environment
for analyzing digital maps, attributive and vector data. The chapter "Model of forest roads in
the geographic information system (GIS)" explains the data processingmethod and
visualization of the same, its advantages and time savings in analyzes with a large number of
data. Currently are used the wddhown and most popular software such as ArcGIS, QGIS,
AutoCAD and other lessiown GIS software. This chapter describes all activities related to
dataprocessing anthe formation ofoutput datain a singleGIS model.
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2. SHORREVIEW OFORESTRSECTOR

Republic of Srpska is one of the two entities that make up Bosnia and Herzegovina.
The regulation of RepublicSrpskais basedon judicial, executiveand legislativeauthority.
The executive organs are the President of the Republic of Srpska and the Republic of Srpska
government; the court, the t N2 & S Odffide2aNd*Be Ombudsmanare the judicial
authority andthe assembly is thégislativeauthority.

The Master Plan of Fore®oads includes the territory of thRepublic of Srpska
66AlK2dzi GKS . NB12 5Aa0GNROCGOE 2yS 2F (GKS (672
the Forest Cadastre (PFE, 2017), the total area of forests and forest land owned by the
Republicof Srpskais 1,012,001ha, and the area of forests and forest land in private
ownership is 300,329 ha. According to the categories of forests, high forests with natural
renewal occupy an area of 469,855 ha or 46%, highly degraded forests 19,632 ha or 2%,
forests of 54,578 ha or 5%, coppice forests 215,382 ha or 21%, areas suitable for
afforestation and management168,123 ha or 17%, areas unfit for afforestation and
management of 63,566 ha or 6%, and usurpation of 20,097 ha or 2%. The annual gross
production of the WA is around 2.782.000 m3 in the state forests, while the private forests
are about 477,000 m3, which together is 3.259.000 m3. The annual net production of FWA is
around 2,033,000 m3, which is mainly realized up to 100%. The share of conifers in total
production of FWAs around45% ,while the remaining55%is madeup of hardwoods.

PFE "Sume Republike Srpske" as a user of forests and forest land is organized in 26
forest management units, one development research and planning centre (RDPC) and the
Centrefor Seedlindg®lantProduction inDobojandKarstManagement Centrén Trebinje.

Buildings owned by PFE"Sume Republike Srpske"are administrativeresidential
buildings, barns, workers' barracks and other facilities. The administrative and residential
buildings amount to 182 with total surface of 38,470 m2, barns 161 or 13,016 m2, workers'
barracks78or 8,023m2, and other buildings 22%r 20,707m2.

From the means of transport, PFE owns 19 trucks, 87 forest tractors, 569 motor
chainsaws, 27 construction raines, 31 forestry machines, for nursery production 4 and
forest protection 35vehicles.

The Law on Forests (FL) of 2009 regulates the policy and planning, management and
governing of forests and forest land, forest protection, financing and value of forests,
forestry and forest land cadastre and information system in forestry, property-legal
relations, as well as other issuesof importance for forests andforest land in order to
promote a sustainablauseof forestsandforestland and developmentof forestry.
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The forest management plan (FMP) determines the basic guidelines and goals of
forest management, measures for improving the state of forests, preservation and
strengthening of general forest functions and forest protection. It contains an overview of
the state of the forest, as well as the type and scope of works during the 10 year period of
the device. Forest managementis a planning document with ten year validity. Forest
management units are obliged to respect the plans and realization of the FMP and adhere to
the rules of forest managementand forest land prescribedby this document.

The public forestry enterprise "Sume Republike Srpsiees' received a prestigious
FSCTMFSCTMC013091ertificatefor forestmanagement.

By definition, "FSC certification of forest management means that forests and forest
lands are cultivated according to strict environmental, social and economic stand&ys"
obtaining the FSC certificate, the valuable work of people in the Public Company has been
successfullicompleted,which haveinvesteda lot of effort to bring this processto an end.

The aim of the FSC program is to promote ecologically responsdaially beneficial
and economically sustainable forest managementin the world, in order to establish
generally recognized standards that will be recognized and respected through the principles
of sustainabldorest management.
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3. Projectdescription

3.1. Scopeof project

The purpose of the Master plan and its stimponents (Strategic Plan of Forest
Roads) is to help identify the most urgent projects for the rehabilitation of forest roads and
the construction of new ones, in order to improve environmental and economic effects and
meet the requirements for certificatiorof forests. In order to achievihis, the preparation
of the Master Plan for Forest Roads is planned, as well as the drafting and adoption of
guidelines for the construction of new ones and the rehabilitation of existing forest roads
based on best practices in order to reduce the impact on the environment. These activities
are part of the expected efforts of the authorities to improve the network of forest roads in
the Republic of Srpska. The resulting guidelines based on best psastizdd also provide
an impact analysis of the environment/society of all road works and support efforts to certify
companiesn forestry.

3.2. Projectgoal

The financial sustainability of the exploitation and transport of wood assortments to
the final custome is a key task in the process of determining the optimal network of forest
roads and defining the optimal technology of cutting, processing,towing wood, FWA
transportanddefiningoptimallocationsfor the warehouses.

3.3.  Scopeof research

The research wasarried out on the territory of Republic Srpska, one of the two
entities in Bosnia and Herzegovina. According to the Forest Cadastre (PFE, 2017), the total
area of forests and forest land owned by the Republic of Srpska is 1,012,001 ha, and the area
of forests andorest landin private ownershigs 300,329 ha.

Tablel Areaoverviewby forestcategories

Forestcategories ha
1000- Highforestswith natural regeneration 469,855
2000- Highdegradedforests 19,632
3000- Forestplantations 54,578
4000¢ Coppice forests 215,382
5000- Surfacessuitablefor afforestation and management 168,123
6000- Unsuitableareasfor afforestation and management 63,566
7000- Usurpation 20,097

TOTAL 1,012,001
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User of forests and forest land owned by the Republicof Srpskais the Public Enterprise

a { dzRepublike{ NI JawjthHthéwvhich there are 26 forestry areasand karst areamanaged

by the Karst Management Center with headquarters in Trebinje. Within the forest and forest
land, owned by the &ublic of Srpska, there are the areas of the National Parks "Kozara"
with 3,530haand"Sutjeska” withl7,214ha.
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4.Workingteam and methodology

4.1. Teammemberstasks,andkeyexperts

No

Name

Position

Keyexperts

K1 |5 dzOq 2LJIA 6

Teamleaderg Transporteconomist

K-2

Radovar]f dz6 A

Expertfor the forestexploitationandusage

K-3

Dubravkay NI A| GlSexpert

k4 | { NBI NI OA

Expertfor planninganddesigning-orestroad network

K-5 | Velibor. f I 3 2 Environmentexpert

N° Name Position
Non-keyexperts
N-1 { NBYIyOA 6 AssistantK-1
N-1 Danijel+ dz6 { 2 DA O Assistani-1
N-1 Velibort Sdzft A 6 Assistani-1
N-4 RadenkdPonjarac Assistani-2
N-6 Stamenkaa A NJ 2 @A & Assistani-3
N-7 Predragt dz2 | Yy 6 S @A g Assistank-3
N8 |72NBBELADS Assistant-3
N-9 Dragan¢ 2 LJA © Assistank-4
N-10 ViajkoL f A O Assistank-4
N-12 | Danijelay y SOS @A 6 Assistantk-5
N-13 Milena. 2 ay A 0 Assistank-5
N-14 Miladin. | 6 A © Projectdirector
N-15 AleksandaWl 32 RA 6 Secretary/Administratior]
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4.2. Methodology

The openness of the forests and the mean transport distance of the FWA towing are
shown in the FMP planning document for each FMA, however, the level of accuracy and the
criteria for obtaining data is currently different from the more recent modern techniques
and classifications. In this paper, the most modern work methodology is umsesdd on
professionabnd scientific paperpublishedin our countryandin the world.

All analyzes are based on the original data collected from the terrain covering the
recording of all roads with GPS devices throughout the territory of the Republic of Srpska,
and by entering data based on the type, category and state of the road. A survey was
conducted simultaneouslywith the questionsto which forest users (FMUSs) provided
answers and suggestions for improving measures and activities in this area. To complete
databases were entered all data related to management classes, numbering, volume per
hectare, cutting volume, increment and all other relevant data to the level of the
department.

A very important aspect for the optimization of the analyzed space is a good selection
of factors that influence the planning of the network of forest truck roads and forest road
infrastructurein general.

There are a number of factors thaffect the quality of optimization and some of
themareas follows:

w Distanceof speciedrom roads,transportdistance timber volume,growth
increment, cuttingedge,selectionof methodsand systemsf work, age of species,

w Type ofgeologicakubstrate land category,slope ofthe terrain,exposure, even
coverage oferrain by roads

w Developmentof the hydrologicalnetwork, the presenceof water sources,
endangermenbf torrential watercoursesthreatsof erosion

w Sensitivityof rare specieshabitats, vulnerability to the spread of invasiveplant
speciesaccess tdwunting facilitiesfire threats

wPossibility to conneawith the existing networlof roads, connecting settlements,
costsof constructionand maintenanceof forest roads

wChanginghe frontal characterembeddingin anaturalenvironment
wTouristcontent

The inclusion of all these factors in the analysis would require much more time than
foreseen in this Master Plan, but can be further elaborated in the Opening Studies for
individualareas.Forthe purposesof this paper,the key and most important impactfactors
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were taken into account in order to obtain a better picture of the openness of forests and
forest lands othe Republic ofSrpska.

Based on this, an analysis of the inclination of the terrain, the exposure of the terrain,
the existing volume in sections, the average slope of the terrain for each section, the cutting
edge,etc. by sectionsdepartmentsand managemenunits, wasperformed.

Systematization and data processing was performed by the ArcGIS software package,
the US company ESRI (www.esri.com). Spatial and attributable data presented in the form of
digital maps and raster are obtained from valid device studies, forest management plans and
20 meter digital elevation model (DEM) for BIH from which the areas of awkafgrest
managementireasare separated.

Spatial data on management units were obtained by digitizing analogous forest maps,
thus forming lines and polygons representing departments, sections, watercourses, forest
roads, and so on. Given that this is a large area for analysis (the territory of the Republic of
Srpska), and due to the volume of the document, here will be briefly explained the methods
by whichthe resultswere obtained aswvell asthe thematicmaps.

wDetermination of the average transport distance was carried out byphth distance
tool (ArcGIS 10.3.) Where the calculation of the terrain pitch and extension of the distance
along the slope was taken into accountin the calculationitself and the coefficent of
extension of these distances was calculated from1l4lon the obtained distance due to the
obstruction of obstacles trees and stumpsin the field, dependingon the configurationof
the terrain.

win order to analyze the medium transport distance of the FWA, the public roads are not
taken into account because the FWA is forbidden to draw on this road category. (Official
Gazetteof Republic Srpska, No. 89/13)

wFor each management unit, digital storaigeilities and potential locations for storage
facilities are digitized. In this way, the direction of export of FWA is directly oriented towards
these points or stockpiles. In this way, more precise data are obtained from the geometric
distance (weight rathod), which has several drawbacks that need to be manually removed,
and inthis caseit would be an additionaljob.

wFor each FMA, there are gaps in the terrain, the exposure of terrain, cutting masses,
minedareasandlandslides

wClassification according to altitude division and according to field characteristics was
LISNF2NYSRI8®)~A{AOGE 50

wOne of the characteristics when determining the average distance of towing is also the
direction of export, alongthe slope or downhill slope. For each FMA at the level of the
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management unit, calculations have been made about the average length of the sloping
alongthe slope and down thelope,and calculate theinit costof towing.

wWith the help of GIS tools and cofeg algorithms, the analysis and classification of
absolute andelativeopenness

wOn the basis of obtained data on openness and determination of the area that is not
covered by roads, the design of roads at the level of the preliminary designfrom the
topographicmap andDMTwas performed.

wFor such projected roads from the map, the cost of construction works is shown in
termsof work phases.

wFor this analysis, the experienced data of average prices of the work stages of the
company RDPC Banja Luka, which has been analyzing the last few years on the previously
designed and built roads, has been used. The database includes over 500 km of designed
roadsfor construction andeconstructionwith over 250 roadlirections.
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Picture 3Threedimensional view of the terrain from a distance by attracting buffer zones
accordingnter-storage(DMT)
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Picture4 Towingthe FWAalongthe slopeand downthe slope(algorithm,ArcGIS0.3.)
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4.2.1. Road classification

The data were collected by GPS devices throughout the territory whose user is the PFE
"Forests of Republic Srpskeadnd the recorded tracks were compared with ortpbotos.

The roads are divided into public and forest truck roads, and roads with macadam and
asphalt cover.

Table2 Roadcodesfor GISdata base

Roadcategory Codes Public Non categorized
Highway 0 1 0
Main road 1 1 0
Regionakoad 2 1 0
Localasphaltroad 3 1 0
Macadam 4 1 0

Acolumncalled"key" meansauniquenumber(ID)of eachroad.

Sothe number100140214 Mmeansthat the roadbelongsto the FMA=10;
MU =01; Category=4; TYPE 0; ID=2147

In this way, eachtravel route hasa uniquenumber thatis not repeated.

5. Strategicplan for the forest roadsof the Republicof
Srpska

The basic vision envisagedby the Strategy is to improve the economy and
development of the Republic of Srpska, through a sustainable, efficient and safe
transportation system in forestry. This document provides the basic prerequisites for the
sustainable development of forestry in segments in which forest roads have the greatest
importance, with the main goal of maintaining and improving all forest functions.
Preservationof forest resources, development dorest functions and realizatiorof the
goals defined by the Strategic plan of forest roads establishes a harmonious relationship
between forestry and its environment, i.e. economic and social systetheoRepublic of
Srpska.
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6. Preliminaryfeasibility study of the forest roads
network in the Republicof Srpska

6.1. Methodologicalpproachto elaborationof the previousfeasibilitystudy

The purpose of this project in terms of making a preliminary feasibility study is to
define new routes of forest roads, as well as to reconstruct and strengthen maintenance of
the abandonedand unserviceablexistingforest roadsnetwork.

Thespecificobjectivesof this studyandthe whole projectareto:

1 Analyze the current and forecasitigtion of existing roads, capacities and
traffic volume,basedon the plannedcapacitiesn the exploitationof forests.

1 Examine alternative routes for new roads in forest roads and propose the
most favorable ones in order to provide a sustainable and functional solution
includingthe constructionphase,and

1 To analyze the costs and benefits at the level of feeesinomic areas (forest
management unit) according to the international guidelinefimed by the
project task, within which the costs and benefits will be monitored at the
departmentaland sectional level.

Themethodologicakpproachto the studyof the subjectstudywasasfollows:

1 Analysis of the existing primary forest roads netwari, the basis of which the GIS
model is formed, as part of the activities on this project by which the Forest Paths
Model was developed in the geographic information system. This analysis involves
defining the length, type and condition of the roadway, the width of the pavement,
the condition of the canals and gaps, the state of the bridges, supporting and carrying
structures, the minimum radiuses of horizontal and vertical curves applied,
longitudinal slopesetc.)

91 Detailed analysis of the current qualitative and quantitative state of the forest roads,
with the aim of determining the spatial distribution of forest roads, because only in
thiswayit canbe determinedwho hasno accesso usingthe exstingroads,

1 Based on the previously defined database, optimal routes of new forest road sections
have been proposed,with the aim of exploiting sectionsthat are not accessible,
which have been analyzed in detail under this project within the framework of the
forest roads model in the geographic information system, and with the necessary
technical and exploitation characteristicsas stated for the existing forest roads
network.
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TheGlIShasbeenprocessedandcalculatedin detail:

{'the area of the forest belonging to the corresponding road section, according
to the primary network of forest roads, whether it is transported uphill or
downhill,

{laveragedistanceto the nearestdepot,

{ exploitationcostof transportto the depotper km andper m3.

The average age of the vehicles, as well as the load capacity of the vehicles, are taken
into account, as well as the driving dynamics and exploitation characteristics of the
vehicle. For each of the subject road sections, both existing and newly designed,
detailedcosts areanalyzed:

 construction,
{ reconstruction,
T maintenanceand
fresidualvalue.
Thecompleteroad network hasbeenanalyzedrom the following points:

1 Impactson the economyof the society,

' Impactson traffic accidents,

7 Impacton exploitationcosts,

T Impactson airpollution,

7 Impactson globalwarming,

f Impactson noise,and

7 Otherimpacts
Analysisof the costsand benefitsof all forestry areas,aswell asthe completeforest
sector onthe territory of the Republicof Srpska, i®asedon:

fonthe CostBenefitAnalysisGuide(CBA)(ECDGRegiced 2014),
7 Guidelinedor ProjectCycleManagementin the EU,

A harmonized European approach to transportation costs and project
evaluation HEATC(2014),

T UpdatedHandbookon MarginalTransportCostg2014),

9 Programfor the use of forest biomassfrom the forests of the Republicof
Srpskga2013),

T Uniformnormsof worksin forestry Sokolag2002),

1 Technicahormsof workin the exploitationof forests(1998),

T Analysis of cutting, processing, attracting and transport technology with the
proposal of measures for the improvement and modernization of
technologiegdocumentof the project,2019),

7 Analysis of possibilities for achieving additional value for wood processing and
biomasgdocumentof the project,2019),
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T Analysisof possibilities for achieving additional value of exploitation of
mushrooms, forest fruits and medicinal herbs (document of the project,
2019),and

1 Model of forest roads in the geographic information systei@1S (document
of the subjectproject,2019).

V Multi-criteria analysis for the purpose of selecting priority forest economic areas, and
consequentlyof relevantforestroadsi

V Define the following steps, i.e. of the action plan based on the conclusions of the
previouspreliminaryfeasibility studyd

6.2. Camclusionsandrecommendations

The objective of elaboration of a preliminary feasibility study involves assessinthe
needs and possibilities for the development and improvement of forest roads in the territory
of the Republic of Srpska, Bosnia and Herzegovina, but also to set recommendations for the
implementation of the project in accordancewith developmentaloptions that are in line
with the needs for exploitation of forests, technical standards and constmgbrocess,
including cosbenefit analysis (CBA) to demonstrate justification and sustainability of the
implementation ofthis project.

Theanalysiscarriedout in this studyincluded:

V Determiningthe needs for the maintenance,reconstruction and constiuction of
forest roads,

V Preassessmentf investmentcosts

V Preliminaryassessmentf possibletransportrequirementsand

V Impacton the environment.

Theconsideredoad network coversthe wholeterritory of the Republicof Srpska.

The total length of the roads considered in this project is 12,245,881 km, out of which
5.1% of the roads are planned for construction, 11.5% of roads for reconstruction and the
rest of83.4%for enhancedmaintenance.

Traffic analysis included a detailedadysis of the quantities generated by the forests and
on this basis a transport request was obtained, as it is very obvious that most of these roads
are used exclusively for the exploitation of forests, transport of forest timber assortments,
biomassandother forestassortments.

It is expectedthat new sectionsthat have not been exploited will be opened by
constructing the forest road network, and an additional 6,607 sections will be used annually
to generate arestimated 73,198n3 of forestwood assortmentsandbiomass.
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For the purpose of codienefit analysis, in order to calculate all necessary input data,
a developed GIS model was used within this project, which has never been developed by the
region and represents an exceptonal database for any further work related to the
development of strategic documents, but also for the preparation of project documentation
for forestroads.

The cost and benefit analysis was done at the level of all forests of the Republic of
Srpska,but also at the level of the FMAs. As input data, all road sectionswith their
characteristics previously mentioned in the study are considered, and also found in the GIS
model.

Economic analysis of costs and benefits resulted in EISP of2®.@X6 (pessimstic-
optimistic scenario)while EBCRIs 1.321.41, and therefore the project is justified for
society, i.e. as a socialinvestment, andas such islesirablefor further investment.

All analyzed data in this study show that this project is sustainable and accepted from a
sociaeconomic point of view. It still lacks the need to determine whether it is necessary to
implementit throughborrowing,co-financingor from personal/budgetanfunds.

With the aim of seltsustainability of the forest sector in the Republicof Srpska,it is
recommendedto implement the following activities that could significantly affect the
economyof the Republicof Srpska:

V Developmenbf the cadastrakegisterof forestroadsof the Republicof Srpska,

V Createa financial guide road managerto checkthe possibility of financing this
project without a loan, and determine the proportion that the state could possibly
replaceasit would inevitably make iprofitable

Developmenbf feasibilitystudiesfor the openingof foresttruck roadsfor eachFMA

Development of more studies on the optimal utilization of forest roads and different
types of forest assortments,with the proposal to implement a public private
partnership for the processing of certain forest assortments and benchmark analyzes
of potential private partnersfrom the country, region anthe world.

V Develop a system for monitoring relevant transport parameters (traffic flows, speeds,
levels ¢ environmental indicatorsneteorological dataetc.),

V Making a decision on incentive measuresfor the transport of forest timber by
intermodaltransport,and

To make a benchmark for the analysis of the maintenance of forest roads in the world and
the proposalof the contractmodelfor future maintenanceof theseroads.
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7. Analysisof cutting, processingattracting and transport
technology with the proposal of measures for proces:
Improvementand technologymodernization

Towing wood from stump to truck, i.e. transportation of wood in the first stage
represents the hardest and most expensive work in the eradication of forests. It is especially
important that the cost of towing is as small as its participation in the total cost of use is
proportionately thelargest. It can be up to 80% depending tbe length of the transport,
the way of towing, the field conditions and type of assortment. The main goal iariegort
the assorted varieties from the forest in the most economical way i.e. the cheapest and least
damagingo the assortmentthe landandthe rest of the forest material.

Management of the main forest complex, i.e. natural forests, for a long time retained
the character of classical forestry, the technology of which rested on animal drag, pulling and
transporting of the wood. Due to the lack of manual labor, in our couatwy in the world,
the mechanizationof technological processesin all stages of the forestry work was
inevitable. The goal of the mechanization of works is to gradually mechanizing all the stages,
humanize the work of forest workers and create the condisidor safe operation in all
stages in the production of timber assortments. The plan of the necessary means of work for
realization of the planned production arises from the quantity and structure of the
assortments, and the necessary time of realizati@sed on the technical norms of work in
the exploitationof forests.

The productiontechnical calculation includes all the elementsto derive data on
productivity, profitability and economy of labor assets, i.e. this calculation directs us into
deciding on the choice of type and sort of mechanization to be procured and to be worked
with. The calculatiorselling prices madeon the basis of thecalculation:

1. Propulsiommaterial(fuel, lubricantor ointment, hayandsimilar),
2. Consumables,

3. Depreciaton,

4. Repairandmaintenance,

5. Insuranceaccommodatiorandtaxes,

6. Interest,

7. Personakxpenditures,

8. Thecostsof drivingandadministrativesales,

9. Profit

10. Salesriceof the service
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The entire technological process (cutting and manufacturing, towing and
transporting) fully respondsto the degree of partial mechanizationand classicalwork
technology with a significant share of manual labor with little potential for greater
productivity, economy and ergonomics;which is a consequenceof the low level of
availability of investment capital and greater market supply of cheap labor (as opposed to
developed countries). On #aMay 2018 PFE "Sume Republike Srpske" passed a decision on
adopting calculations of the cost of the labaost per working day. Based on this decision, in
this project, analysisand calculation oftransportmeanswere carried out.

7.1. Transportof forestwood assortments

The use of forests, as a process of production of forest assortments, consists of
cutting and making and transporting of wood. Transport of wood is divided into its
collection,towing andtransportation.

Transport of FWA includes all forms of movement of wood (forest wood assortments)
from the forest to the end user, that is, to the consument®s or the market of forest
products. Transporting wood is moving parts of trees or entire trees from an auxiliary depot
to the user. The transport is distinguished by appropriate means of transport by constructed
transportsystems (roads, railwayahdtransportof water bywaterways.

Picture5 Transportof forestwoodassortments

Transport distancesrange from several kilometers to thousands of kilometers,
depending on the type of transport of the wood, that is, the value of the cargo. For shorter
distances are used trucks, greater distances are done by railroads and the longest distance is
achieved by the transport of wood by waterways. In the market of motor vehicles for the
transport of cargo, there is no possibility of procuring a truck spedlfientended for the
transportof FWA therefore largesizedtrucksare processedupgraded)solelyfor this
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purpose. Théasis forthe constructionof suchatruck, whichdue toits exclusive purposef
transportingthe timber canbe calleda foresttruck, is:

- Mounting of forestupgrades,

- mountingaforestcraneand

- rearaxlematching.

The difference in the types of forest truck upgrades is most often caused by the
morphology of the cargo (the length of the assortments),and the selection of the
superstructure is conditioned by the appropriate truck assembly. The fundamental
difference in the types of upgrades is related to certain characteristics of the forestry, so that
some are suitable for shorter lengths of FWA (up to 6 nhjjenothers can be transported
with a round wood up to 12 m in length. Transportation of FWA trucks takes place through
built-in transport systems (a network of forest and public roads), where trucks transport
wood from one depot to another. Forestry depgoare areas where the wood is collected,
temporarily stored and, if necessary, produced and processed. They distinguish: main and
auxiliary stockpiles and intefepots. The main warehouses are specially arranged with the
facilities of primary processing 8\WA, interurban areas are most often associated with the
use of wood transporting means, while auxiliary storage facilities are naturally suitable or
specially decorated areas where the parts of the tree or the entire tree are towed from the
forest.
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Table3 Quantity of producedFWAper year (StatisticalOfficeof the Republiof Srpska

PRODUCHEDRESASSORTMENMESTATEORES$n*/ha)

TOTAL

Conifers
LogsConifers
Pitprops,
coniferous

Otherlong
Coniferswood
Coniferous
stockwood
Coniferous
firewood
Broadleaves

Broadleaves
logs

Pitprops,
Broadleaf
Otherlong
Broadleafwood
Broadleafstock
wood

Firewood
Broadleaf
Otherroughly
worked wood

2008 2009
1,958,000.00/ 1,750,000.00

784,000.00 666,000.00
619,000.00] 497,000.00
40,000.00 35,000.00
5,000.00 3,000.00
117,000.00, 130,000.00
2,000.00 -

1,174,000.00 1,085,000.00

388,000.00, 315,000.00
2,000.00 2,000.00
12,000.00 13,000.00
91,000.00 96,000.00
680,000.00 658,000.00
1,000.00

2010 2011 2012 2013
1,772,000.00 1,894,000.00 1,849,000.00 1,925,000.00
715,000.00 800,000.00 830,000.00 875,000.00
483,000.00, 526,000.00/ 554,000.00 586,000.00
36,000.00 57,000.00 59,000.00 57,000.00
5,000.00 8,000.00 7,000.00 14,000.00
190,000.00/ 209,000.00 210,000.00/ 217,000.00

1,056,000.00 1,093,000.00 1,019,000.00 1,050,000.00
328,000.00/ 341,000.00f 309,000.00 345,000.00
1,000.00 1,000.00 1,000.00 -
15,000.00 16,000.00 17,000.00 16,000.00
151,000.00/ 144,000.00, 130,000.00 81,000.00
560,000.00 590,000.00 560,000.00 607,000.00
1,000.00 1,000.00 - -

2014
1,945,000.00

942,000.00
623,000.00

53,000.00
17,000.00
249,000.00

1,000.00
1,003,000.00
321,000.00

1,000.00
18,000.00

79,000.00

584,000.00

2015 2016
2,063,000.00 2,101,000.00

962,000.00 1,010,000.00

651,000.00, 670,000.00
55,000.00 56,000.00
12,000.00 18,000.00

243,000.00| 266,000.00

1,101,000.00 1,091,000.00

363,000.00/ 352,000.00
2,000.00 -
17,000.00 19,000.00
85,000.00 86,000.00
633,000.00

633,000.00

2017
2,033,000.00

924,000.00
638,000.00

53,000.00
15,000.00

218,000.00

1,110,000.00
364,000.00

20,000.00

88,000.00

636,000.00
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Figure6 Loadsof the road networkfor transportationby FWAaccordingto processing
capacities

7.2. Thetechnologyof attractingforesttractors

In the forests of the Republicof Srpska,in the first stage of transport, forestry
tractors LKIB1T and Timberjack 240C are used. In conditions of small openness and large
terrain cutting, towing is done by animal congestion to the area of attraction by a tractor
with a winch, and then by a tractor to the truck road. In each new cut, it is necessary to mark
the existinganddesignednew tractorroadsandtrails.
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Picture6 LKT81 - Skidder- articulatedtractor

Tractor trails together with forest roads are one of the major causes of erosion,
compaction and damage to forest land. They can cause sedimentation of surface waters
(Akbarimehret al., 2012).

Construction of tractor roads implies the execution of earthworks for the purpose of
forest exploitation. Land works are not carried out on toadrains, except for the possible
sewage and land placement on shorter sections. Tractor roads and trails constitute a
secondary network of forest communications and as such form the basis for determining
gravity zones and making projects for the exeamntof works in forestry. The project of the
tractor road andtrailsisanintegralpart of the executionprojectfor the given department.

The cost of harvesting and towing varies in each FMA and shifts from 27.30KM/m3 in
HanPjesal-MAto 36.68KM/m3in VlasenicdMA.Theaverageprice of thesetwo phasess
33.04KM/m3.

By analyzing the mean transport distance of towing, it has been found that the
average transport distance in the Republic of Srpska is about 595m. Transport distance in
high forests withnatural renewal is about 405m. This average distance of 595m is too large,
but given that the calculation of transport distances has included all categories of forests, as
well as the territory of Herzegovina with extensive management, it is concludedrtbet
attention in the opening of forests was taken into account exclusively the category of high
forestswith naturalrenewal.
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7.3. Technologyftowing byforestropeways

This system is suitable for working on steep terrain for the trunk exploitation
method. Cutting is carried out by a motor chainsaw or some other mechanized means, and
by the ropeway the whole trees are attracted to the warehouse where the shredding and
production of assortments are carried out by a processor integratet thie ropeway or
separately. The remainder remains concentrated in the warehouse, which is suitable for
either chippingor makingrolling shovelgbanding)andfurther transport.

The basic characteristic of forest ropeways is at least two ropes, oneiolfivghused
for towing loads and the other for carrying loads. According to the Trzesinowski (1998), we
divide them into ropeways with one, two, three, four, five and more ropes, and according to
the same functionality we have: a carrying rope, a tow ropageturn rope, lifting rope,
auxiliaryrope, anchoringand stabilizingrope, and multi-purposerope.

Accordingo DykstraandHenrich(1996),the characteristic®f ropewaysare asfollows:

- The loadbearing rope is lifted from the ground with its entire length and represents
the track of the ropeway connecting two or more supports. The supports are usually
pillars (naturakndartificial), trees, hivesor appropriateanchorages.

- The extractio of wood is carried out by means of trolleys that move along the
carryingrope. Thetimber is carrieconthe trolley.

- Extensiorof the ropeto the loadis providedby an additionaldevice.

- When extracting the wood it is completely or partially raised fribid ground, which
prevents or reduces soil degradation and damagesof the youngstersalong the
cableway.

- The drive unit does not move on the ground, as is the case with other wood removal
proceduregexceptwith a helicopter).
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Picture7 Forestropeway Yarder

Forestroadsoften donot leaveenoughspaceto store materialsandwork of machines.

Table3 Market pricesof someropeways

Ropewaytype Price e

Smallmoveableropeway

TST00 40,000

Kollerk300 37,000
Middle moveableropeway

Wanderfalke 63,000

KollerKk303 99,000

Koller K5042 103,000

Adler DSK 25 66,000

AdlerMS500uni 125,000
Combinedropeway processor

Mounty 4000 224,000

Koller K507 213,000

Koller K304 169,000

Kollerk30%2 135,000

Motor trolley
Woodliner1000 28,000
Woodliner2000 46,000
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In Europe, less than 3% of the cut wood is pulled out with ropeways. The exception is
Austria where around 17% of the cut tree is exported by ropeways, and this trend is
increasing year by year. With the development of the skidders, as the economically more
costeffective mean®f towing wood, the useof the ropewayggraduallydecreased.

Table4 Numberof ropewaysusedin Europeandin our country

Country Number of Wood mass drawn by rope
ropewaysin use (in%of total cut wood)
Austria Unknown 17
Croatia Unknown <3
CzechRepublic 20 2
Ireland 6 <1
Italy Unknown 4.5
Slovakia 60 15
Spain 2 <1
Gr. Britain 38 <25
Ukraine 10 3
Serbia 0 0
Republicof Srpska 0 0

Keyreasondor the weaker useof ropewaysin relationto transportmeansby countryare:
- highcostof ropeways,
- Lowproductivity of ropeways,

- the needfor recruitment of skilledlabor and regularimplementation of training of
workers,

- Needfor anchoringmastsfor surroundingtrees. A specialproblemis the cuttingsin
the standsof the species witlshallowroot system,

- problemswith mountingand movingropeways especiallyin wetlandplains,

- long lifting time of the ropewaysand a lot of supportingequipment necessaryfor
mounting,for whichthe transportoften requiresthe existence oprivatevehicles.
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In the Entity of the Federationof Bosniaand Herzegovina,n 2017, a ropeway
transport was experimentally done in FWA Fojnica, and a seminar was held on this subject
(the Czech government program). Even though it was a small surface that is not
representativefor the performance data, the cost of forest ropeway costs per unit of
measure is 40 BAM/m3. This price is higher in relation to the transport of FWA with forest
tractors,whichranges around.5-30 BAM/m3.

The fairly high purchase costs of ropeway with other large expenditures
(depreciation, salaries for workers, etc.) resumita very high cost of towing per m3. These
factors have contributed to a significant reduction in the use of ropeway systems in the past
in theterritory of Europe.

However, regardless of the high purchase prices and the costs of transporting wood,
the fact is that the ropeways have minimal negative effects on forest ecosystems. The use of
wood mass from steep and terraprone terrain is possible without major adverse effects
onlywith the useof the ropeway.

7.3.1. Moderntoolsfor cutting, productionandtransportingof FWA

Harvesters

Forwarders

Assemblingssortments| Assortmentprocessing
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Pogonski motor

Hidraulicna
dizalica

Harvesterska
glava

Picture8 Harvester(sourcewww.tigercat.com)
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diameter measurements, decision making on the cut point for the maximal exploitation of
the trunk, or the creation of assortmentsof the given dimensionsaccordingto the
requirementsof the customers.

When harvesting trees, the harvester performs a controlled fall, whereby the damage
to the remaining standing trees is reduced. In pure logging, the harvester moves freely along
the cutting edge, while other types of loggingpihning, shredding) require infrastructure.
The maximum distance between the trails is 20m, because harvesters with a hydraulic crane
have a reach of up to 10m. In this modef operation, the harvester leaves the raised
branches in front of the wheels dhe vehicle, which improves the conditions of the load
bearing capacity, i.e. reduces the pressure on the ground. At intervals greater than 20 m, the
work of harvesters is combined witmotor saws. When harvesting trees, harvesters carry
out controlled feling, whereby the damage of the remaining standing trees is reduced. In
pure logging, harvesters move freely along the cutting edge, while other types of logging
(sparse, weathering) require infrastructure. The trail 3.5 to 4 meters wide, harvester makes
itself duringhis work(Krpan! @ t 2 N2DOKLY a1 & ¢ o3

The harvester's effect ranges from a wide range of 5.5 to 30 m3 per operating hour
(Bensch and Urbaniak, 2001). The effect on the harvester has the blade volume, i.e. number
of trees per unit area. In addition to the cutting volume per hectare, its effect and costs are
directly influenced by the average volume of the pieces, as its effect with the growth of the
breast diameter of the allocated tree, i.e. the volume of the tree increaseswith the
simultaneougeductionof the labor costqTufts,1997,Bulley,1999 andVeek,2000).

1HarvesteTIMBERJACIK70in Croatia
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The main disadvantage of the unacceptable harvester is its complexity, for which
drivers must be tograined. Driver training is expensive and can last up to two years, while
the driver is completely skilled for handling the machine. However, in a few months, most
drivers acquire satisfactory knowledge and skills (Hoss 2001). Oneedbasic tasks of
mechanized felling and making is the release of people from severe, fatigued and dangerous
forest work. The physical load in the work of the harvester is incomparably less than when
working with a saw. Theoperator in modern machines of d¢ting-edge mechanicaland
computer technology is located in a pleasant environment of thecamditioned cab and
control panel, free of all unpleasant external factors. The best results of the harvester are
achieved in pure clusters of coniferous forested according to the Scandinavian data, the
annual effect is in their conditions up to 40,000m3 (Wasterlund 1996). In Central Europe, the
harvester is used in deciduous trees, but its performance in relation to the work in conifers is
lessthan about 25%(Pausch, 1999).

Picture9 Forwardel. OGSEAF

Forwarder is a special forest vehicle designed to export FWA from the forest to the
inter-depot and to transport FWA on shorter distances to forest trucks or public roads.
Application of forwarders for transport of FWA has as a condition and application of
technology ofproduction of forest wood assortmentsin the forest, that is, the sorting
method of wood production.

Purchaseprice: 180,000¢ 270,000¢ Fuel consumptiomer hour: 7-11L
Load capacityl0-14 t

Maxinclination 30 - 35% Costs65-80¢€ k K

Length oflogs upto 6 m

Effect 12-20m3/h

The joint work of harvesters and forwarders with a sort method represents a closed
circle.Harvesterperformscutting of trees, pruning, cutting the trunk, measuring
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assortments and its stocking in the stack to be loaded by forwarder and exported te inter
storage. Due to the weight of forwarders, there are also major damages on forest roads,
which is one of the disadvantages. An example of the analysis in the lowland oak forests of
Croatia (ZPanduret al.,2014)statingthat the landingexceeds30%o0f the observedarea.

|

A

2016))

In the Republic of Srpska, the most commonly used means of transportation in the
first phase of the transport of FWA are dominant, forestry articulated tractors. Considering
the small number of this means of transport owned by the PFE "Sume Republike Srpske" it is
difficult to talk about the selection of the most favorable means of transport for forestry
managementreasbecause it dependa lot onthe contractor.

Private entepreneurs, who have a license (according to the rules for the execution of
works), are mainly performing services of cutting and transporting of FWA from the stump to
the end user. We are aware of the modernization of these means of transportation
(ropeways, harvesters, forwarders, etc.), but it is hard to influence private owners
(contractors) to modernize their machinery if they are unable to acquire and apply it in
adequate conditions. All newer and more modern means of transportation, besidesa
number of advantages, have some limiting factors and requirements, which are usually the
cutting edge per hectare, the slope of the terrain, the logging system and the high purchase
price of these assets. Namely, many authors in the world have publiskdedtific and
expert papers on this topic, but the most common logging systems were: clean cuttings and
sparsecuttings so that the obtained results can hardly be comparedwith our working
conditions and would be in the sphere of speculation and estima#kso, the harvester has
the highest performance in coniferous forests, while in the deciduous forests, this product is
verylittle usedand theeffectis lower by about 25%comparedto the cutting of conifers.

In the PFE "Sume Republike Srpske", the gsmlective system is represented in the
forest management, which implies selective tree logging, i.e. removing of trees that are
usually not concentrated in groups, so the harvester needs to move from tree to tree, and
thusits effect decreasesignificantly.Thespatialarrangementof the tree itself is not

Picture 1aage on forest roads us'in forwarders in FMA Hanpjds& o0 LK 2ua2Y { ® 5
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properly arranged in the space, so the harvester is often limited to the approach of the trees
that havebeenassignedo it, in this casea paralleltransportvehicle.

According to FSC standards, it is forbidden to leave tractor roads and trails to any
mechanizedmeans of transport, or to move freely on the cutting edge. In this case,
harvesters and forwarders are limited only to the reach of a hydraulic crane up tovil@ife,
the forest tractors with a winch and rope can reach FWA up to 60m. In this case, the density
of tractor or harvesterroads should be considerablydenser, therefore additional land
damage would be inevitable. Forest roads for harvesters and forwarders are wider than
tractor roads, and due to the weight of these transportation vehicles, there are also more
damages in relation to damage caused by forest tractors. Naturally, witheappdbitive and
negative effects of these means of transportation, the PFE "Sume Republike Srpske" should
at least experimentally, buy or rent adequate forest lifts, harvesters or forwarders, and
researchwork to demonstratethe applicationand costeffectivenessof suchresourcesin
our areaandto eliminatethe doubtsaboutthis question.

7.4. Conclusion

On the basis of the data collected through the survey on technologies,technological
processesworking methods and organizationof work in the exploitation of the forests of
the Republicof Srpskathe following knowledgerelated to technologiesin the exploitation
of forests haseen developed:

A variety of organizational solutions for the implementation of forest utilization
technologies results in difficult planning, design, implementation and control of the
implementation of technological processes with the risk of damage to the forest and the
occurrenceof accidentsat work; the impacton the modernizationof technologiess limited,

the engagemen of public enterprisesin all three phasesof forest exploitation is an
acceptable solution because of the continuity of managementand management of
technological processes using the previously acquired machinery and employment of own
working and professional capacities (social aspect); the engagement of private
entrepreneursis neededfor competitivenesgeconomic aspect),

Partial maintenance of the means of work in its own direction enables control of the
correctness of machinery and equipment (ergonomic aspect) and reduction of waiting for
repairs(economic aspect),

production on the cuticle is conditioned by the method of work; as a consequence there is
a lower level of mechanization of the work, morefidiilt conditions for work (ergonomic
aspect); limited opportunities for productivity growth and cedfectiveness; and can be
justified by environmental factorselatedto the method ofwork,

The sorting method is ecologically justified considering the preparation of the load to
attract; conditionedby low degreeof mechanizationand a large fraction of manuallabor
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(ergonomic aspect); may be the cause of poor exploitationvobd mass (spatial wood);
gives small opportunities to increase productivity and economy of work in the technological
processof forest exploitation.

An analysis of the current state of technological processes, which included the means
and organization ofvork, points to the following conclusions, i.e. pointing to the overall
assessment of the dominant technological process in the utilization of the forests of the
Republiof Srpska.

cutting and making with the use of chainsaw and hand tools resultsarga khare of the
engine- manual and manual operation; working on vaccination splint is easier (and still a lot
of manualwork),

the existing organization (1 + 1) is suitable for cutting and crop production in a sorting
methodwith low shareof splitting,

animal adherence is associated with the assortment of methods (primarily for ecological
reasons); admitting a tractor with a winch justifies the use of adaptable forest and special
tractors with longer assortments (higher productivity and eefectiveness); Animal tractor
with winchis a compromiseolution,

Special forest tractors in attracting wood, given the binlcapacities for difficult working
conditions and heavy loads, ensure the highest increase in productivity and cost
effectivenessf proper preparationand controlof work is ensured(otherwise damages),

The use of adapted forestry tractors gives the best results in organized admission (animal
or tractor with winch) m easier terrain and in the drawing of assortments (faafhered
tractorswith a basketor trailer canbe usedfor the exportof fine wood and biomass)

the prevailing work organization for tractor traction (1 + 1) is acceptable for medium
distance;for mediumloads andractor with winch.
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8. ANALYSISOFTHEPOSSIBILITROREXERCISHE-
ADDITIONAL VALUE WITH WOOD AND WOOD
BIOMASS

With the growth of the Earth's population, many questions are being raised, and one
of the primary issuesis energy. Numerous analyzesof the relationship between the
technological and social development of mankind have shown that changes have always
been related to the use of energy. The new economic order is actually an energy order. For a
new energy order, it is necessary to know the global assessment of wealtls af$bé state
in terms of more just, more productive and environmentally responsible management of
globalenergyresources.

The energy crises of the early seventies, the knowledge that the reserves of fossil
fuels were limited and finite, and pollution @he environment in the use of fossil fuels,
intensified the research of new renewable energy sources. Fossil fuels (coal, gas, oils) are
currently participatingin globalenergyconsumptionwith around 79%,nuclearpower takes
a7%share, and renewable energpurcesaccount for around.4%(www.iea.orq.

The potential for bioenergy is very large and very widespread throughout the world.
Today, biomass is already a major source of global enexggls, of all available renewable
energy sources.The use of biomassis mainly basedon the remains ofagriculture and
forestry. Because of the bioenergy properties that can be used in small, medium and large
plants,it isappliedin alarge numbeiof process andiserschemes.

Wood biomass as a renewable energy source can be a good substitute for fossil fuels
with high ecologicaland economiceffects. Wood biomassalso appearsas wood residue
after cutting, spinning and other activities in forestry, rasv material from energy crops,
wood residue from the wood industry, the remains in fruit growing and viticulture, wood
waste fromurbanareasandother formsof appearance.

The goal of the European Union is that renewable energy soueash the amount
of 12% in the total energy needs by 2010 and 20% by 2020. Between solar energy,
geothermal energy and wind energy biomass has the greatest potential and prospect at the
currentlevelof developmeniof technologiedor the use olnewrenewable energgources.

Biomass is an organic substance of vegetable or animal origin and is one of the
sources of renewable energy used in combustion processes or is converted into energy
production systems (heat and electricity). Accordingto EU Directive 2003/30/ECdated
08/05/2003, Article 2, BIOMASS is a biodegradable fraction of products, waste and residues
from agriculture (includingplant and animal substances)forestry and timber industry, as


http://www.iea.org/
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well as biodegradable fractions from municipal andustrial waste whose use in energy is
permitted, in accordancewith the relevant regulation in the field of environmental
protection.

Forests are a source of affordable, environmentallyfriendly renewable
environments. Forest biomassis considereda renewableenergy source, carbon neutral
because, in the event of combustion, released CO2 is absorbed again during physiological
processes in plants where a new biomass is created. The use must be sustainable on an
ecologicaleconomic andocial basis.

8.1. Stateandcharacteristicof the forestfund in the Republiof Srpska

Of the total area of forests and forest land, 48.68% are the forests with natural renewal,
which is the highest representationof a certain forest category.21.67%of the area is
suitable for afforestation areas, while the share of the areas on whichcarefers are
16.69%. The area undeultivation is6.26%, thearea of unsuitable forafforestation is
5.31%andthe presenceof degraded forestss 2.34%0 5 | y %ttal2 ZDA3.

Of the total area of high forests, 37.49% of the forests are high beech forests and 46.69%
are high forests of fir and spruce or spruce and beech. Pine forests account for 7.51%, and
7.94%are oakforestsandthe restis 0.37%.

Highly degraded beech forssin the total area of high degraded forests account for
62.93%,high degradedforests of oak with35.62% and other forests with 1.45%.
On the territory of the Republicof Srpskain the past, forests were planted. The most
frequent are forest pine cultures with a share of 51.25%and a spruce culture with a
representation of 37.69%. There are other forest cultures of different types of trees, such as
pseudotsuga, pine, spruce, ash, oak, etc. The participation of forest cultures of these types of
trees amountgo 11.06%.
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B lllymckn ocTatak  7.233.371,00 107.050,00 393.313,00 793.110,00

Chart 1Total amount of wood biomass by category of forests in the Republic of Srpska

Table 5Amount ofwood biomasshat wouldbe availabldor use

Name m3lyear
1 FMATrnovsko 10,292.02
2 FMAa | 2S @A 61 2 10,576.16
3 FMAPosavsko 12,740.64
4 FMA2 2y A 61 2 13,015.24
5 FMAa A f A0 2 13,222.86
6 FMADonjedrinsko 14,133.60
7 FMA2 SYSNY A6 2 14,336.47
8 FMAJahorinsko 19,805.44
9 FMALAG26y 2 RN NR | 2 19,845.19
10 FMAY | t Ay 2 BA6 1 2 24,252.15
11 FMADobojsko- derventsko 25,896.32
12 FMAt A OS3a NI Ra 2 26,369.08
13 FMAY 2 G 2 NI N2 O 2 26,971.60
14 FMADonjevrbasko 27,740.00
15 FMAt SUGNR JI 61 2 28,498.00
16 FMAa NJ 2y 2A 01 2 28,630.00
17 FMAX f [ aSYyAG] 2 30,524.00
18 FMAGornjedrinsko 34,513.32
19 FMASrednjevrbasko 43,326.00
20 FMAUsorsko- ukrinsko 48,397.84
21 FMAY 21 | NI 61 2 48,397.84
22 FMAWAOY AGT 2 48,584.39
23 FMAI | yLI2Sal 61 2 49,300.00
24 FMAWZ2 3| G A6 2 55,339.96
25 FMANevesinjsked I G I 6 | 2 63,761.20
26 FMARomanijsko 66,310.00

Total 804,779.32



Masterplan of forestroadsin Republicof Srpske

Amount of wood biomass that would be available for
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Chart2 Amountof wood biomasdy FMA

Picture 11 Harvesting of cutter residues by Picture 12John Deer 1490D roller making
TimberjackL210 forwarder machine

Picturel3 Tractorwith craneandtrailerswith clampingsides
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In the world and in our country, numerous studies were conducted aimed at
assessingthe potential of wood biomass. The data that came about is the result of
computational analyzes from the planning documents. Such data has limited use, since they
do not represent real facts about the amount of forest biomass for energy that can be
offeredto the market.

Technical constraints can prevent collection in particaleeas, such as steep slopes
or inaccessible forest areas. Similarly, in some cases, the cost of biomass collection may be
higher than the revenue that can be generated using the collected biomass, which again
diminishes the actual availability of biomdss use. Areas that are protected by national or
international laws may have prescribed provisions prohibiting the collection of vegetation,
and in some cases the use of biomass can significantly impair the biological balance. All such
restrictions reducehe total amountof biomassavailablefor bioenergyneeds.

Determining the type and location of the power generation plant is a matter of a
comprehensive optimization of the energy production chain. Previous production was based
primarily on firewood as aaw material. However, these volumes are not enough for the
growing needs of the wood biomass market as a raw material. Pellet production plants in the
Republic of Srpska and the region, in addition to the wood industry residue; use spruce wood
as a raw material for the production of pellets, primarily firewood and cellulose wood, which
significantly participatesin the total quantity of large wood. The demand for this raw
material in the future will grow, which will significantly change the structure of customers of
this forest product.

Nowadays, there is a more unequivocal interest of inventors for investment in power
generation plants. However, it is necessary to answerdguestion about the quantity of raw
materialthat canbe offered from the forestsmanagedby the PFE'SumeRepublikeSrpske"

a.d. Sokolac and from private forests. Such questions cannot be answered without detailed
analysis,which implies a multidisciplnary approach,or by including all relevant factors
involvedin the productionchainof forestbiomasdor energy.

In addition to the lack of restrictions on trade in this product, the amount of wood
biomass that gravitates from a certain area is very important for the choice of location and
capacity of power plants. According to all the previous studies, the transport distance is one
of the mostimportant factorsin the supplychainof the wood chip plant (chipboard).
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Table6 Heatingsystems

Fuel Unit prices Heatvalue Theprice | The Thecost | Dosage
of energy | efficiencyof the | mode
the boiler thermal
energy
unit Unit. € KDV % e KDV

Coal € ki 61 GJit 15.0 4,1 75 5.5 Manual
Firewood € k0 51 GJit 10.3 50 75 6.6 Manual
Fueloil e ki 973 GJit 42.0 23,2 88 26.3 Automatic
Natural € K MmmAa 419 | GJ/1000m* | 10.0 11,6 92 12.7 Automatic
gas
Woodchip € kK 46 GJi 10.3 4,5 85 5.3 Automatic
Wood ekia | 72 GJA 15.0 4,8 85 5.6 Manual
briquettes
Wood e k(i | 143 GJA 17.0 8,4 92 9.2 Automatic
pellets
El.Energy ekKazk 77 MWh 1.0 21,3 100 21.3 Automatic

SourceAnalysif the potential of wood residuesin BiH,with a specialfocuson the municipalitiesof
SrebrenicaBratunac and MilidUNDP 2011.

8.2. Marketanddemand

The need for this raw material is increasinglyinfluenced by the changesin the
previous approach to the use of forests. The influence of various structures of society on
decisions is increasing, since energy is a comnerohinator for different sectors of the
economy. The problem of energy security, and especially energy from renewable sources, is
becoming a problem of international importance, regardless of whether it is production,
trade of biofuels orenvironmentalprotection.
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According to Chart 4, import of wood biomass into the European Union is significant,
especially timber cutting and FWA. The largest exporter of wood biomass is Russia, which
supplies moreghan 3 million tons of this energyannually.

Chart 5 shows a very sithamount of exports of wood biomass outside the European
Union. When comparing Chart 1 and Chart 2, EU biomass needs are 10 times higher than
exports. Most of the wood biomass is exported by Germany and Sweden, which in one way
were amonghe first in Europe to starind promotebiomassas anenergysource.

As for the interchange of wood biomass,the largest exporters are Latvia and
Germany, while France and Estonia are also present with a slightly smaller share. According
to the graphs shown, the demdrfor wood biomass is constantly increasing. Forests in the
Republic of Srpska have significant quantities of forest wood biomass, as well as forest
residue, whichare not usedtoday due to the more difficultollection of this assortment.

This analysis eers the available quantities of wood that can be used as wood biomass for
energy.
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8.3. Forestgoads

A welldeveloped network of forest roads is a basic precondition for rational and
functional use of forest biomass. The picture shows the availability of forest biomass from
the collection point to the final beneficiaries, in this case to the larger towns of the Republic
of Srpska.
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Picturel4 Availabilityof forestbiomass
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Picturel5 Transportdistancesn the acquisitionof forestbiomass

Table7 Participationof forestsurfacesoy forestclassegor the displayedransportdistances

Distancegkm)

Managementclass 0-10
2000 26.38% 24.55%

3000 20.28% 27.60% 6.63%

4000 19.99% 26.42%

6000 10.64% . 10.83%

7000 18.55%

According to the data presented in Table 8, the availability of forest biomass (FWA),
when public roads are included, the dominant transport distance is abot#01km with a
significant share of areas at a distance of380km. It can be said that the average distance is
about 20km.
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8.4. Measuregroposals

When planning energy production from biomass, planners should consider all
stakeholders within the bioenergy chain, such as: biomass resources, transport, conversion
and final energy. Also, planners should take into account social interests, environmental
protection and economic impacts related to the establishment of a biomgsterm and the
specific problems facing each country. In order to overcome these problems, there is a need
of support systems for making important decisions. It is precisely for this purpose that there
are different levelsfor the planningandimplementatian of bioenergyproduction.

Today, we have numerous support systems that take into account the environmental
and economic side, and at the same time use the opportunities provided by GIS. However,
these systems are mostly made for one type of biomass, déipgnon which aspect it is
viewed, whether it is an ecological, environmental or social aspect, and the focus is on one
level of decisionmaking. All of this requires the need for a systemthat addressesthe
objectives of all stakeholders in the production of bioenergy, both at the local and national
levels ofdecisiormaking.

The goals of national planners who propose a coumtige biomass strategy are
different from those of local planners and executors,iethare to a certain extent limited by
some factors, such as resource availability, topological constraints and energy needs. These
differences must be taken into account when systems for efficient planning and
implementation of bioenergy production are being developed. At the macro level of
planning (such as national planners), the rough cost of the model is sufficient, as their main
problems are: defining the available biomassin the whole country, defining energy to
convert biomass into bioenergy, economic effects (e.g. energy production costs) and the
benefitsof the applicationof emissiorpreventionlaws.

Based orthe planners'decision athe strategiclevel,localdesignershould execute:

wTheoptimum sizeof eat biomassplant,
wTheamountof biomasgo be used,
wLocationfor the collectionand productionof biomass.

The forests of the Republicof Srpskahave a large amount of wood biomassto be
usedin a way and to the extent that it would provide the largest amount of energy.

Although forest resourcesin BiH represent an important resource for economic
growth, and primarily in rural areas, the traditional approach to managing and using them is
still dominant. The characteristic of this approach is tree based logging as the main product
of forestry, while other forest products are largely neglected and their economic valorization
is often absent.In addition, a certainamount of wood biomasss left in the forest, although
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it could be economically valued, i.e. offered to the market with minimal investments in
AYFNF aGNHzZOGdzNE |yR (GSOKy2€23AO0!I ¢ az2tdzirazya
forest.

In this regard, it carbe concluded that for the economic valorization of all forest
products and services it is necessary to conduct a detailed analysis of the financial indicators,
which is especially expresseth the caseof commitment to intensify the use of forest
biomass for energy production. This primarily refers to the question of the use and economic
valorization of the wood residue resulting from the operational activities of harvesting and
production ofFWA.

The biomass shown represents the amount that iduided in the amount of forest
timber assortmentsandis thus takeninto account.
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9. ANALYSIS OF POSSIBILITIES FOR REALIZATION
ADDITIONAL VALUE BY EXPLOITATION GFOREBS
PRODUCTS

In forest practice and literature, forest products are divided into major and
secondary.Major are wood (logs, round logs of fine technical wood and other forest
assortments),and in secondary:resin, raw materials for obtaining tanning substances
(exceptfor tannintrees),forestfruits, seedsmedicinalherbs,ediblemushroomsandetc.

wUseof non-woodforest productsbelongsto productionfunctionsof forests

wNonwood products are all material benefits from forests that are not wood and can be
soldonthe market

wlIn someforest areas,the non-wood product was more important than wood, i.e. "Main"
e.g. grazing in Slavonian oak forests, bedding in Bela Krajinveeril) or bark from the oak
tree

wlIn most forestrich countries, the importance of ngorimary products is reflected in their
importancefor the localpopulation

wTo apply, for example, for grazing in forests below the Himalayas, for bamboo and rhubarb
in southeast Asia, for the bark of the oak tree in Portugal, for bed in undeveloped countries,
etc.o 5 y A201B3)DA 6 >

Our forests are considered inexhaustible mines of medicinal, edible and aromatic
herbs, various types of game, and significant minerabueces, which we collectively name
secondary forestproducts. From the aspeatf distribution and market value, the most
important group of other forest products is certainly medicinal and edible plant species.
Knowing the actual supply of medicinal anditde herbs in our forests is the starting point
for making decisionsabout the organized exploitation of this natural treasure and an
important point in planning the volume and collection assortment, both from the aspect of
the longevityof naturalprodudion andfrom the aspectof the protection of certainspecies.

According to European Union study at the beginning of 2002, it is estimated that in
Bosnia and Herzegovina the total market value of-maod forest products was BAM 200
million, of which the market value of medicinal and aromatic herbs was BAM 50 million per
year. Since then, demand has increased for medicinal and aromatic herbs, especially for raw
materialsand essentiabils.

The collection of nowvood forest productsn the Republic of Srpska is done by a
large number of rural population and is an important source of income for them, and several
large companies,and a number of small, relatively new companies,are involved in the
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purchase, productiomnd processing of fungi, medicinal and aromatic herbs and forest fruits

in the Republic of Srpska. About 50 companies in BiH are economically important for this
sector. Still, a large number of BiH companies are only engaged in the purchase and trade of
raw plant material, forest fruits and fungi. Nevertheless, the findings of numerous experts
showthat only asmallnumberof thesegoods wereused.

Table8 Main nonwoodforest productsn someEuropearcountriesby leadingmanufacturers

Product Leading Quantityin thousandsof Value inmillionsof
manufacturer tons dollars
Christmadree Germany 20 235.3
France 5.6 75.4
Great Brittan 3 66.7
Denmark 7 24.1
Mushroomsand CzechRepublic 23.9 39.1
truffles
Belarus 10.1 15.2
Sweden 8.5 31.8
France 8.2 107.7
Finland 6 14.1
Italy 2.4 44.7
Fruitsandberries Albania 60 114
Finland 40 67.1
Norway 25 45,3
CzechRepublic 22.7 39.2
Meat game Sweden 17.1 76.1
Poland 8.1 -
Finland 7.9 64

9.1. Mushrooms(fungi)

Forests and forest lands of the Republic of Srpska inhabit a large number of species of
wild mushrooms (higher mushrooms with a hat and a handle or a rather similar appearance).
It is believed that over 100 species are edible or conditionally edible (edtking or after
drying). For the needs of domestic and foreign markets, a very small number of species are
collected: Caesar's mushroom, penny bun, goldbeanterelle the horn of plenty, red ipe
mushroom and morels. About 1,060 tons of fresh mushrooms are purchased annually in BIH,
of which about 700 tons are exported in various forms of finishing and processing, and about
15% of the purchase (about 125 tons) is completed in the domestic market. The export
assortment in 2017 consisted of: 274 t of fresh mushrooms, about 263 t of frozen
mushrooms, about 65 t of canned mushroomsand about 92 t of dried mushrooms
(equivalentto 456t of freshmushrooms).


https://en.wikipedia.org/wiki/Chanterelle
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In the aforementioned data, Republicof Srpskaparticipateswith about 50%. In
addition, about 874 tons of artificially grown mushroomsare produced annually in the
Republic of Srpska, about 830 tons is the first class of penny bun, and then about 44 tons of
pearl oyster mushroom,while lately in the market is popularthe mushroomof rice straw,
the JapanesenushroomShitake 6 ¢ | ye? @i A2610).

The estimation is that the collection of fungi compared to the potential and the
assumption of a rational, sustainable collection is used only witA(Ps. Therefore, there is
a possibility of greater participation of all the structures and categorieeepbpulation in a
significant inclusion in the mushroom collection sector. None of the economically important
fungiarein the status ofrare, risky andprotected mushrooms.

9.2. Medicalherbs

Thenatural potentialsof medicinaland edible plantsare expressedin the amount of
a dry substance that has a usable and market value, expressed in kilograms per hectare
(kg/ha), for each plant species and for each wider ecological and vegetation whole (stratum)
in which this speciesis registered.Thisdisplayallows natural suppressiorto be calculated
for any spatialnit in forestry inanyarea.

Belts with forest communicationsand averagesbelow the transmissionline are
registered in lower, middle and higher positions, evenly distributed acrossall exposure
categories, and in a schedule that is inversely proportional to the pitch and degree of the
circuit. In the aforementioned environmental conditions described in the bands along with
forest communications and on the cutting lines below the transmission there are 37
species investigated, 24 terrestrial and 13 woody species that occur individually. Also, 21
species have been found which have a medicinal or edible property, which for some reason
were not includedn the recordingsheets (S} 2 dzo 2 2 S Z201®F ! b ! w{

The medical significanceof some plants is indisputable. Thisis the casewith the
genus Digitalis, Adonis, Convallaria,Nerium, Scilla, Artemisia, Achilleaand many others.
Aromatic plants and vegetable essential oils are increggibeing sought and used for
aromatization of cosmetic and hygienic preparations for the widest use. Aromatic plants are
also usedas culinary spices, preservatives in the food industry, for making various extracts
for the production of beverages, andikd. Due to its geographical position, diversity of
climate, relief, land and other natural conditions, the Republicof Srpskais very rich in
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medicinal and aromatic plants as well as fruit trees. Many of them have the status of official
drugs, such as, for example, mallow, wormwood, belladonna, great yellow gentian,
chamomile sage, valeriaandothers.

Chamomile
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9.3. Purchasenddistribution of non-wood products

Data for a particular area or regioswre not available because accurate records are
not kept and there is no adequate regulatory mechanism.Accordingto the currently
available data, we managed to identify only certain companiesthat paid symbolic
O2YLISyalidAzy (2 GKS t C9 hé foldfién oivdukidaonis andS { NL
medicinalherbs.

Companies that are registered for the purchase of medicinal herbs and forest fruits in
the Republic of Srpska for a fresh kilo of elderberry are paying BAM 1.5 and for the same
amount of drier elderberry beteen BAM 8 and 12. A kilogram of wild garlic costs between
eight and nine, and a fungusof five to ten marks.The RSMinistry of Agriculture,Forestry
and Water Management say that organic production in Republic Srpska occupies about 300
hectares.

Based on the analysis of the Foreign Trade Chamber of B&H, last year was exported
medicinal herbs and forest fruits worth 29 million KM, while the import of these products
amounted toabout9 million KM.

The production potential of the forest is not only used through the wood volume, but
through potentials for the production of various fruits, mushrooms, medicinal herbs, wood
coal, hunting and fishing, then the use of peat, stone, sand, gravel etc.rtagst that the
forests of the Republic of Srpska has in dry condition about 1.5 kg/ha of quality medicinal
herbs, aromatic and edible herbs about 6 kg/ha of forest fruits, about 500 tons/year of fungi
and other plant raw materials (Forest Development armhg&rvation Project Financial
SustainabilityStrategyfor ForestManagement2007).
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10. ANALYSIOSFTHERESPONSHEMESONFORES
FIREAND CAPACITFORFORESTRY FIREHTING,
WITHA PROPOSAtORA MEASURBFIMPROVEMEN

Many terms used for fire in nature carry a number of meanings that depend on the
sociacultural environment, the nature of the land and vegetation that is affected, and the
legal framework lhat is used. Fire is describetifferently as a fire ofa landscape, a forest
fire, a village fire, or a fire of vegetation. This is just one number among other terms used by
variousagenciesaround theworld.

In Europe, where many countries suffer the effects of fire on various types of land
cover, the terminology currently in use in the European Forest Fire Information System
(EFFIS) is a "forest fire"; however, due to the spread of fire infoi@st areas oEurope, it
includes a broader notion of forest fires (IUFRO 2018). The term "Fire" is also used in the
Global Fire Information System (GWIS), which aims to provide coordinated information on
the activitiesandimpacts of fireat global level.

Burned fraction (% year ')
GFED4s (averaged over 1997 - 2014)
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Figure 1: Global distribution of annual area burned, averaged over 1997-2014. White areas show no fire activity. Source: Global Fire
Emission Database version 4, Giglio et al. 2013

Forest fres represent the worst form of devastation of forest ecosystems. In a very
short period of time, large areas of the forest with catastrophic environmental consequences
can disappear. In addition to direct damages due to the destroyed wood mass, all other
functionsof the forestare disturbedsothe total damage isnultiplied a lot.
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After the fire, we often note the escalation of other destructive factors, such as insect
over-breeding and plant diseases, which additionally destabilwe fired and norburned
surfaces, thus increasing the damage considerably. With the reduction of the area under the
forest is increasedthe dangerof torrential flows in the mountainousregionsand floods in
the lower.

In order to prevent damage to forests and to society as a whole, it is necessary to
build a modern fire protection system that would minimize the harmful effects. This system
must provide a forecast of a fire hazard on the basis of which it is possibl®éate human
and material resources necessary for rapid and effective fire extinguishing from areas with
lower risk to areas with higher risk. When areas of increased fire hazard are identified in this
way, the intensification of the observation will@l for early detection of the resulting fire,
which results in a reduction in the areas affected by fire due to faster ¥ A NBFTA IK{G SN
intervention.

Roadsin the forest represent projected and constructed infrastructure facilities
which spatial and constructive solution depends on the shape of the terrain, the purpose of
the forest, the habitat and the occasional opportunities of forest ecosystems, the planned
worksin the forest, aswell asthe reduced forestssuchasforestfires.

The forest path network influences the reduction of the occurrence and spread of
large-scale fires (Lugo A.E. GucinskiH. 2000). The importance of forest roads in fire
protection is great because they provide preventive and repressive protection. Prexent
protection is not only reflected in the prevention of the occurrence of fires, but also by
eliminating the conditions for their occurrence (Ratkinis M. et al, 2006b), as well as through
constant monitoring of endangered forest areas, and repressiveutyin the creation of
conditionsfor timely extinguishing aothe fire.

Preventive fire protection reduces the risks of fire outbreaks, which can reduce total
damage from fire to one tenth in relation to the existing state (Stipanicev D., Hrastnik B.,
2004). The impact of the density of the network of forest roads on the initial forest fires is
large because the higher density of the road network influences faster detection of fire and
formation of the defense line to prevent the spread of terrestrie¢$ (Larjavaara M., 2005).
However, in addition to forest roads and paths, they form lines of defense against forest
fires, by which excursions and campers move, which increases the risk of fire (Chuvieco E.,
Congalton RG, 1989), so there is a significant correlation between the incidence of fire and
densityof the network of forestroads(ArientiCM, et al, 2009).
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10.1. Regulationsn the field of firefightingandfire protectionin the Republicof Srpska

wLawon Protectionand Rescuen Emergenciesf Republicof Srpska
w("'OfficialGazetteof Republiof Srpska'’humber:121/12);

w Republicof SrpskaFire Protection Act ("Official Gazette of the Republicof Srpska”
71/12);

w[lF¢ 2y C2NBada 2F wSLWzotAO 2F {NLK&A{llF o6bh¥
75/08, 30/10));

wf g 2y C2NBada 2F GKS . NB12 S5Aa0NROCG 2F . 9
14/10)

wRulebook on the content and procedure for the development of a forest fire protection
plan (OfficialGazetteof Republicof SrpskaNo. 107/09)

Forest fire defense representsa specific issue of the forestry economy. Forest
resources,an ever moreintense development of the economy arsbciety, aregaining
increasing value, and their vulnerability and fire defense conditions are becoming more and
more complicated. Special attention is paid to the preventive protection of forests from the
fire, educdion of the local population and others who work and reside in the forest, the
selection of trees, biological types of forests, the schedule of forests, etc. However,
particular efforts must be directed towards systematic work with the population, and to
improveforest control andfire protection of the territory of the forestryunit.

In order to prevent and eliminate the risk of fire and rescue of people and material
goods endangered by fire, the possibility of occurrence of a snadge fire of endangering
human lives and material property as a danger of permanent environmental damage affects
that certain procedures and activities are to be properly selected andtdilein order to
first and foremost, preventive action of the risk of forest fires is minimized, and when a fire
occurs, prepare an adequate responseto the occurrenceof the event and reduce the
harmful consequences of the resulting fire. Forest fire im@® burning trees, forest rugs,
forest dead material, grass, leaves, humus, trestle, tree roots, as well as other fuel matrix
locatedin the forest.

Social- political communities, companies, as well as citizens organize and provide
protection from fire,and participate in its implementation. Fire protection includes a set of
measuresand actions of administrative, organizational,technical, and educational and
propaganda nature undertaken with the aim of preventing, spreading and spreading fire of
its detection and extinguishing, and rescue of people and material goods endangered by fire.
Fire protection is an activity of specialsocialinterest. Everyforest farm within PFEG { dzY' S
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Republike{ NJJihasSaéspecialfire protection plan. The fire protection plan includes
measures and activities undertaken with the aim of preventing the outbreaks and spreading
of the fire, its detection and firefighting,and the rescue of people and material goods
endangered by fire, as well as the obligati@ml tasks of the Company's authorities in this
regard.Fireprotection plancovers:

wAssessmendf the degreeof threat to forest

wPreventiveforest-breedingmeasures

wOrganizationalmaterialand personnelrequirementsfor the implementationof the plan
wNecessargctivitiesbasedon the assessmendf the degreeof forest vulnerability
wPlanof informative-propagandaactivities

wTrainingplanfor staff

By the principles of the FSGstandard, i.e. the Forest Protection Guide, the high
protection value is defined as the "Forests that provide fire protection”. By the principle it is
emphasized that these are forests that can represent a natural obstacle to the spread of fire.
This usually involves the natural occurrenceof leafs in softwood forests that are very
sensitiveto the occurrenceof fire. It is further noted that this areais not generallyat high
risk of fire, but this also does not mean that they are not frequent, in addition, the process of
globalwarming isunderway,whichin particularincreaseghe risk of fire.

Although there are no materials strictly separated for this purpose, the principle of
protection and the concept is known in practice and has been applied for many years. It is of
great importance to bring in comfs in unconnected smaller areas that will be crushed by
autochthonous deciduous vegetation. Also, the MaAVprinciple defines forests that are
important for water supply. In such stands, besides other protective functions they perform,
there are also sawes of drinking water, which are also used for water supply in the event of
firefighting. It is very important to indicate these sources on the map and in practice apply
the protection prescribedoy FS@rinciples

The area managed by the Trebinje Managem€enter is extremely specific and as

such has a special managementmethod. In the area of Trebinje, Ljubinje,. A f &d |

SN]20A0AZX GKS FINBI 2F F¥2NXada FyR FT2NBai
(forests owned by the Republic) and 3521ha (privately owned forests). Of the total forest
area and forest land, the high forests occupy only about 3.5%, which is the reason why more
attention is paid to their protection. The largest area is occupied by bushes and thickets,
which occupy about 53% of the total area of the state forests. Thickets, although
economicallyalmostworthlessecologicallyrepresentthe true richnessof karst. Everybush

f
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in Herzegovina is extremely important in the purification of air, soil bindind,@evention
of erosionandregulationof the water regime.

Global warming and an increase in average annual air temperatures cause more
frequent outbreaks offire. Thefires in the past period, and especially thosefrom 2003,
2007, 2012, 2017, have greatly reduced the green cover of the Herzegovina Karst. We are
aware of the fact that we are losing ever larger areas under the forest by fire, which greatly
affectsthe naturalenvironmentof this area.

Man is the most frequent fiest user, and when it comes to forest fires, the biggest
enemy of the forest; because it is most often cause of fires (more than 90% of forest fires are
the result of human negligence). For such behavior, one should look for reasons in his low
level of krowledge about the importance of forests, not just for the country's economy, but
also for the life and survival of man, as well as how the forest should be protected and
protected fromfire.

10.2. Measuredgo combatforestfires

In the fight against fire wehink on all preventive measures that are implemented in
order to prevent the fire and all the activities that prepare the fire extinguishing. Finally, the
work of extinguishinga fire isalsoincluded; startingrom the time it wasdiscovered.

Fire protection includes a set of measures and actions of administrative, organizational,
technical, and educational and propaganda nature undertaken with the aim of preventing,
starting and spreading of fire and its detection and extinguishing, and resficpeople and
material goods endangered by fire. Fire protection is an activity of special social interest. The
work on preventing forestfires is longterm. We must follow certain principlesWe will
never fail to prevent the occurrence of any foresefiiTheoretically, almost all fires can be
prevented directly or indirectly by humans, and this makes 99% of all fires in our areas. The
basic measures in preventing forest fires, therefore, should be directed to the education of
people ando the legal pravisions relatedo the fight againsffire.

10.3. Analysiof forestfiresin the Republicof Srpska

The public forestry company "Sume Republike Srpske" has received the FSC
certificate for forest management, which means that forests and forest land are cultivated
according to strict ecological, social and economic standards. The FSC certificate of the PFE
"Sume Republike Srpske" was issued for a period of five years, wtsobjéct to annual
monitoring visits. The goal of this certification process was to promote ecologically
responsibleand sociallyeneficial standardfor sustainabldorest management.
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Every forest management unit within the Public Enterprise "Sume Republike Srpske"
has a special fire protection plan. The fire protection plan includes measures and activities
undertaken with the aim of preventing the outbreaks and spreading of the fire, its detection
and firefighting, and the rescue of people and material goods endangered by fire, as well as
the obligations and tasks of the Company's authorities in this reddre .forest assortments
are categorized by the Public Forest Company "Sume Republike Srpske" by the degree of fire
danger, with particularly endangered areas under coniferous forests of pines, fir and spruce.
Climate changes results in significantly longed more intensive dry periods with increased
andhighfire riskindex.

In Republic of Srpska as well as in B&H, the fire hazard index is not calculated or
reported as exact warnings tables, unlike neighboring countries, Serbia and Croatia. It is
particularly unfavorable when the fire develops in areas mapped and identified asriBigh
areas, coupled with lontasting drought and stronger winds, which in these circumstances is
another danger, which multiplies the existing risk manually. PFE "Sume RepBipgke" is
concerned with the protection of forests, including the protection of forests from fire. The
company develops annual plans in accordance with the Instruction and methodology for the
developmentof protection plansin the PublicCompanyIn forest managementjn the part
of the needs of exploitation and protection, new ones are being developed and existing
firefighting routes and cutting areas are maintained. Forest labeling is carried out according
to the degree of vulnerability, mapping by deg of vulnerability, water intakes, roads,
warehouseof firefightingequipmentand other elements.

10.4. Situationin the field of firefightingactivities

All fire brigade units in the Republic of Srpska are professionally and well trained in
firefighting, especially those units that regularly have more fire in their area, as well as other
interventions. In the case of largeeale fire, in most cases, firefighting units would not be
able to adequately respond with available human and mategaburces, so they would be
forcedto seekhelp.

Vehicles in most firefighting units (in more than 70% of cases) are over 20 years old
and even 30 years old. In addition to age, in most firefighting units there is a problem with
insufficient number of firevehicles. In the last 7 years, fire brigade units Banja Luka, Bijeljina,
Lad26y2 {INFr2S@23 DNIRAO|IXZ tNA2SR2NJ FyR 52
and other firefighting equipment, which significantly contributed to the higher efficiency of
firefightingunits infirefightingand other interventions.

Most of the firefighting units are not sufficientlyequippedor trained to protect and rescue
in caseof floodsaswell asfor technicalinterventions.A number of localcommunitieshave
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no established professional fire brigade units or voluntary fire brigades, and a number of fire
brigadeshave nominimum number of firefighters prescribedoy the FireProtection Act.
Most municipalitiesdo not have dire safetyplan.
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10.4.1.Analysisof statisticaldataonfires
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It should be emphasized that statistical data on fires and the scorched surface are not
conductedin detail, so itis practically impossible to make a quality analysis basedhe
data submitted. For example, data from the Republicof Srpska,which are the most
systematic,with precise data on the number of fires and wider locations of the fire,
however, they exist only in the last few years and the locations are not precisely determined
except for the area of the Trebinje Center for Karst Management for the years 2015, 2016,
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I Mo pwnHa NoXapuwTa 2016
I NoBpwmMHa noXapuiTa 2017 -

Picture 17 Spatial representation of regisifees by age in Trebinje Center for Karst
Management (S5 N} OA8S HAMT O

10.4.2.Responséime to the occurrenceof fire

The response time to the fire, which is the sum of all individual times related to the
activities involved in the time budget of the arrival of fire extinguishing agents to the spot
andthe dischargeof water.
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Picture 18 The coverage of the space and the reaction time of the Republic Srpska fire
brigade units (5 NJ Z0A8) =

Accordingto the data of the "Republicof SrpskaFire Brigade"in the Republicof
Srpskathere are 69fire stationsthat areorganizednto professionabndvoluntaryunits.

10.4.3.Criteriafor assessinthe threat of forestfire

Thecriteria for estimatingthe threat of forest fire were made in accordancewith the
followingparameters:

vegetation,

anthropogenidactor,

climate,

habitat (parentsubstrateandtype of land),
orographyand

Forestline and arrangemenbf assortments.

ook wbdPE
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Table9 . Scoringof threatsto forestsurfacedrom fire

Degreeof threat Numberof points
I verylarge >480
Il large 381-480
1] moderate 281-380
\% small 150280
\% verysmall <150

Tablel0 Tableof threatsto forestfiresby FMA

FMA Degreeof threat
CFKM large

FMAb S@SaAiyealz23al a6 2 large

FMAWA O Y AOGB] 2 moderate/ large
FMASrednjevrbasko moderate/ large
FMARomanijsko moderate/ large
FMADobojskoderventsko moderate
FMAa NJ 2y 2A 0] 2 moderate

FMAt SGNB @I 61 2 moderate

FMAI I yLI2Sal 61 2 moderate
FMA+ A OS3NJ Ra] 2 small/ moderate
FMAt f I aSy A6 2 small/ moderate
FMAGornjedrinsko small/ moderate
FMADonjedrinsko small/ moderate
FMAJahorinsko small/ moderate
FMAY | f AY2BA G617 2 small/ moderate
FMAa At A0 2 small/ moderate
FMAW2 3 GA 61 2 small/ moderate
FMA2 2y A61 2 small/ moderate
FMATrnovsko small/ moderate
FMADonjevrbasko small

FMAL&2 G026y 2 RNl NAR | 2 small

FMAY 2 (i 2 NI NB O 2 small

FMAal 2S @A 61 2 small
FMAPosavsko small
FMAUsorskoukrinsko small

FMA2 SYSNY A6 2 small

FMAY 21T | NI 61 2 verysmall/ small
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11. Guidelinesfor building, reconstructing
rehabilitation and maintenanceof the network of
forestroads

These guidelines aim to provide a clear picture of the type and stages of work during
the construction, reconstruction, rehabilitation and maintenance of roads. Structural
elements of forest roads, the most frequent damages of these instructions, and the way of
construction reconstructionandtuning of the forest roadsnetwork are shown.

11.1. Maintenanceof forestroads

Maintenance offorest roads is a series @bnstruction and technical actions that
need to be done from time to time in order to maintain the road in a technigadyned
state. The main forest roads need to be maintained cordimly, while the work on the
secondaryand intersecting roads is carried out occasionallyaccordingto traffic needs.
Maintenanceof forest roadsin good and proper condition representsa very important
sector of forest business activity, since the state thfe forest paths depends to a large
extent on the success of the entire organization of forest production and the economy of
operationsprimarily inrelationto the costsof foresttransport.

The maintenance ahprotection of forest roads are carried out on the basis of the
Annual Road Maintenanceand Protection Planwhich isan integral part of the Annual
Production and Financial Plan. The annual plans for regular and winter maintenance and
protection of fores truck roads determine the road directions that will be maintained and
their priorities, type, scope and estimated value of the works that will be carried out
individually for each planned route, as well as the road directions that will be temporarily
preserved (protectioragainstsurfacewater damage)andnot being used.

The type, scope and value of works on the maintenance and protection of forest
truck roads is planned on the basis of the compiled case and the projection of these works
individually foreach plannedroute. Works on the maintenance andorotection of forest
truck roads determined in the Annual Plan shall be allocated for the performance of the
enterprises registered for the execution of those works. The maintenance of forest trucks
(macadamand asphalt) roads includes works that ensure unhindered and safe traffic for the
purposeof forest management andhe needsof the localpopulation.

Within the frameworkof maintenanceof foresttruck roadsthey differ:
- workson maintenanceof the lower and

- workson maintenanceof the upperroadbed.
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Maintenancework on the lower roadbedincludes:

wRepairon the earth'shull of the road:
- repairof the landslide,
- escarpment
- andother damage

wobjectsthat are part of the lower road bed,
- repairof supportingand coatingwalls,
- cleaningof surfacewater drainagefacilities(channelsflawsand crossings),
- strengtheningandreplacingworn-out gapsandbridges,
- renovationof supportingand coatingwalls.

Considering that the Public Forestté&mprise "Sume Republike Srpske" does not have
any data on the average values of maintaining one kilometer of the road, we used the "Price
List of Works on the Maintenance of Forest Truck Roads" of the PFE Sume Republike Srpske.
In a conversation with emplees from the Public Safety Corps who are in contact with this
issue,we havelearnedthat the maintenanceof forest truck roadsin the Republicof Srpska
is carried out periodically, i.e. in the area where the exploitation of forests is carried out.
During the exploitation of the forest there is a stronger and more intensive decay of the
roads, and as such they are running for maintenance. In the period of 10 years, the duration
of the operatingperiod, all the aboveroadswill be maintainedat leastonceand someeven
a few times. The assessment of road damage is carried out by persons on the ground, mostly
unprofessionafor suchtype of assessmengothesepricesare very unreliable.

11.1.1.Damageo roadconstruction

Road damages are deformations and malfunctions that prevent normal use of the road,
with reduced safety or driving comfort. The causes of damage and collapse of pavement
structuresare different:

- instabilityof the soilandthe lower roadbed,
- shortcomingsn the designof roadwayconstruction,
- insufficientquality of materialsand shortcomingsn construction,

- insufficientanduntimely maintenanceand

systemand compositionof road construction.

The irregular, not timely, incomplete, and sometimesimproper maintenanceof the
carriageway, the lower road bed and the accompanying facilities, as well as the untimely
implementation of preventive measures, along with the repair of the resulting damage and
the measures for reinforcing the roadway construction, tire frequent causes of its decay.
Damages of the lower and upper road bed are indicated in the framework of the processed
maintenanceof the lower andupper roadbed.
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For the repair of damaged parts of gravel, road metal, macadam tnerapavements,
there is agravel, stonesnail,pebbles andstonerubbish.

The pebbles for repair and reinforcement of pebbles or gravel pavements must comply
with the technical regulations and standards for making the tampon coating in the pavement
construction.

Stone crumbs for the maintenance of macadamand earthen pavements must
contain stone material of different grain sizes with maximum grain size up to 60 mm and clay
up to 5%.

For the maintenanceof gravel or road crumb pavements,there is a permanent
existence of stocks of stone material in the amount of at least 10% of the total annual
amountenvisagedor the maintenanceof this roadroute.

11.1.2.The most common road maintenance works

Annualmaintenance usuallincludes:

wControlof the state of forest roads:it is mostly done at the end of winter, after storm or
abundantprecipitation;

wcleaningof drainagesystems;

wthe designof the roadway profile is successivevhere the crown profile is not in the
functionof drainage/ drainage;

whole control;

wcleaningthe path from the vegetation;
wmaintenanceof road objects(walls,bridges);
wMonitoring weathercas{(if needed).

Some of this can be done manually (filling holes or cleaning vegetation), but work is
generallydoneusing machinery.

When the pavements cannot be maintained every year, or when the upper layer of the
road disappearsor is significantlydamaged(many holes, large erosions,etc.), the upper
layer must be reconstructed with new material / gravel. This reconstruction (periodc
maintenancehas several phases:

wRemovingesiduefrom cutting, stonesand other obstaclefrom the pavement
wattachingthe upperlayerwith ariper (ariper canbe a graderor tractor attachment);
wlayingof gravelto athicknessof 6-10 cm, after the compressiorphase;
wdistribution of materialsby trucksor graders(preferablythe latter);

wshapinghe profile of the pavementandthe channelline;
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wcompressiorof the profile.

Reconstruction of the road can be done at once or successively. If properly maintained
after reconstruction the reconstructedcarriagewaycanbe in goodconditionfor 5-10years.

This depends mainly on the line of maintenance, traffic, conditions andigptaton.
During periodic maintenance, all structures and drainage/ drainage systemsmust be
controlledand, if necessaryrepairedor replaced(JURIJ 9 D [EWALD PERTIHKO2017)

11.1.2.1. Bumps

The holes appearon forest roads with longitudinal slope of 0-3%, which makesthem
very often on the flat parts of unrelated pathwayShe holes are caused by increasing
pressure in the pores of the water on the pavement, especially on impermeable formations,
which resultan the removalof fine materialfrom the roadway(Ryan etl.,2004)

A -

Picturel9 Roadbumps

11.1.2.2. Erosiorof the roadwaydueto the water drainage

Erosion of roadways is mainly a consequence of damage to the drainage system of the
forest path (or the absence of the drainage system), and causes the erosion of the channel in
the upper layer of the roadway, which sometimes leads to serious damage to the road.
Solutions include repair of drainage system, construction of gravel embartkmandling
and compaction.

Picture20 Erosiorof the carriagewaydueto water leakage
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11.2. Reconstructiorandconstructionof forestroads

By the Rulebook on the Construction, Reconstruction, Maintenance and Protection of
Forest Truck Roads of the PFE "Sume Republike Srpske"-801@2 16 of 24/11/2016, in
Article 6 under the reconstruction of forest truck roads means that changethe basic
characteristics of the existing road in order to increase the capacity of the road or level of
services (work on increasing the load capacity of the carriageway including the works on
increasing the load capacity bridges and gaps, roadway extensionsrumditst of new
supporting and coating walls, increase of curvature radius, asphalting and similar
operations). Reconstruction, in full width and length, renews the pavement (as a rule in its
entirety) and the banks, most often along the existing routeluding the drainage system
and the change of the geometric elements of the road, that is, the axle, the level and the
transverseroad profile.

According to the data from the field, the roads that are damaged and their damages
exceed 5% of the value of orl@lometer of the newly built road should be planned for
reconstruction. Based on that, the roads are proposed for reconstruction, because this value
exceeds the maintenance value. Serious damages in terms of displacement of the route, the
roadsanddamagescausedby the activity of torrential watercoursesare not statedto exist.
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