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OPTIMIZATION OF INDUSTRIAL AND FUEL WOOD SUPPLY CHAIN ASSOCIATED
WITH CUT-TO-LENGTH HARVESTING

The paper presents the results of the development and application of the computer information sys-
tem for optimization of wood supply chain in Russian conditions. The system is designed to support of
strategic, tactical and operational decisions in terms of logging companies applying cut-to-length
technol ogy taken into account the needs of forest bioenergy. Two case-studies in logging companiesin
Northwestern Russia are analyzed and discussed.
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Full-tree (FT), tree-length (TL), and cut-to-tics.
length (CTL) methods are applied in wood hal  Logistic approaches for CTL operations are
vesting. These methods differ in relation to thnot yet well developed in Russia. This is due to
technology utilized. Delimbing and bucking carthe specific organizational structure of Russian
take place at a stump, road-side, or a centlogging companies, which usually include log-
processing yard. Although lack of appropriatging and transportation departments with their
domestic machinery has hindered implementaticown vehicle fleets (harvesters, forwarders,
of the CTL method, it has become increasingltrucks), garages, and repair workshops. Russia
common in Russia due to technology transfialso has specific requirements for the axle load of
from the Nordic countries. Better suitability oftrucks, its own standards for roundwood, catego-
this method in particular compared to felling othries of roads, poor state and maintenance of
er than just clear-cutting, smaller environmentiroads, seasonality of road availability, uneven
impacts, work safety, cleaner wood, and less rdistribution of logging during the year, and so on.
guirements for road-side landings compared ‘Moreover, solutions are usually company-
FT and TL methods have been, among othspecific, and thus tailored programming tools
things, reasons for the increasing popularity (need to be developed to improve the planning
the CTL method [1-3]. For example, in the Reand optimization of wood procurement for opera-
public of Karelia, 93% of the harvested wood itional and tactical tasks.
already logged with the CTL method. We introduce a decision support system

It is quite easy to manage logistic issues r(DSS) for planning and analyzing industrial and
lated to the traditional TL method, as all wooifuel wood supply chain associated with CTL op-
from cutting areas is transported to a centrerations at the logging company level for Russian
processing yard. Applying the CTL harvestiniconditions [4-10]. Work was carried out in the
method or use of a processor at a road-side sprojects “Wood harvesting and logistics”, fi-
rage requires more attention to wood logistics, inanced by the European Union through the Fin-
different timber assortments and possibly alsnish Funding Agency for Technology and Inno-
energy wood from cutting areas should be delvation (TEKES), and “Decision support system
vered directly to several customers: pulp millsto promote the rational use of woody biomass
sawmills, wood-based boards mills, power plantand logging residues into bio-energy”, financed
and so on. Therefore logistic approaches usby the Ministry of Education and Science of the
with FT and TL do not work well for CTL logis- Russian Federation. This DSS gives the logging

* - aBTOP, C KOTOPBIM CJIEIyeT BECTU IICPEIHCKY.
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company comprehensive information about trstructure and its most important components is
benefits and limitations of different CTL optionspresented in fig. 1.
including forest bioenergy. A logging company
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Delivery plan. The term delivery plan means |
an output schedule for a vehicle fleet for a given
time period, including, for example, places and Reporing
. . . Schemes and characteristics of ‘ ‘ Delivery planin ‘
time for loading and unloading, and types of | opiimal roulss MS Excol format
transportation assortments. Defining delivery
plans which allow the maximization of wood re-
movals and rationalization of the use of a vehic'~
fleet may become a challenge for a logging cor
pany. The logging company has several oper
tion units: cutting areas, customers, railway st
tions, and garages. The wood storages at ro:
sides, daily production in cutting areas by a:

Optimal routes \ | Optimal delivery plan
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Optimal routes database ‘ : ‘ Delivery plan database ‘

Figure 1. An overview of DSS structure.

The Data module includes information about
roads and their quality, locations of logistic man-
agement units, and their characteristics. The user
can easily manage data with a user friendly inter-
face. The second part of the DSS is the Graph

. TR A module. In this module the user can generate a
sortments, and their accessibility in winter or a

seasons are known. Monthly delivery volumes tlayer of roads including logistic management
' y y -units (i.e. cutting areas, customers, truck garages

aizonrqtr?r?;tc;;e g:ovggsfng:ﬁgnvgggtgggé (\:A(’)"and railway stations). Several sub-modules have
tract pany been created for managing the graph (construc-
' tion, editing, deletion, and addition). The Optimal

cie-srthgrzgaS\Il(?SSOLtImv(\e/g:)geﬁjirl]dviogg)trgii eSEroutes module helps the user to search, with a
’ 9, pulp ' ' heuristic optimization method, for the best va-

S\;Q)%n(ségﬁe(s?;ggfgr i?tdrtleez?rtgr)ﬁeﬂg) q_llfﬁgtgifriants for transportation routes. The Optimal deli-
P 9 ' ‘very plan module helps the user to optimize, with

3fegn;rfj?:;n;esn;;(:aigsbSa?]p(ta)((:ﬂeexda(k:)t)I/yIIsm(;t;r;%‘i(\alg dynamic pr(_)gramming, daily tasks for each trgck.

can’be given in a more generalized manner (ccThe Reportlng' module creates reports.of optimal

. . routes and delivery for CTL transportation for the

iferous, deciduous, any). Moreover, a Cusmm'logging company.

Citerent assortments in the cuting area. can || T7US: the problem uias logically divided into
two consecutive stages, which are the optimiza-

.T.ﬂ:?éfg?év trr?:te:gl:elgu:giorrngssggm\g(rf i(\j/::iﬁtion of routes and the optimization of the delivery
' P plan. The output of the first stage produces op-

fnaéf;ar:srsegoa?fﬂg%u'Z?egitgﬁﬁna?fhsgggfg:nztimal routes between existing logistic manage-
9 ment units. The renewal of optimal routes is

site. ; .
. needed quite seldom, for example in the event
The structure of the DSS. This DSS has that customers, cutting areas, or road conditions

?;iin f((:)?n(:s;:;rfteir']ré aM'\i/ICErlgggf? eET(\é';?rf]g:eg L:Jsrl[tchange, and so on. The output of the second stage
g POt a delivery plan which is needed for routine

ing, that is with very common software [4, 8]. lig \tions” as it deals with the operational truck

is possible to bu”.d a DSS with user mterfgces ‘fleet, current wood stocks at roadsides and at mill
the Maplinfo environment and custom dialogu ates. and so on

boxes with MS Excel. An overview of the DSSg
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Data required for planning and analysing CT!sections — their state, complicated turns, and oth-
harvesting and logistics include road maps, locer factors having influence on speed — the pro-
tion of logistic management units (cutting area:gram has special tools to specify them.
customers, railway stations, garages) and chari In search of optimal routes. Usually several
teristics of logistic management units: paths can be used for travel. The search for op-

1. Cutting areas (fig. 2): area, stock, stem vctimal routes helps us to find a route with, for ex-
lume, average forwarding distance, tree speciample, the lowest transportation costs or the fast-
structure, start date of logging; types of assoiest delivery. Important elements for the optimiza-
ments to be produced and their characteristiction are the estimation of travel time and costs
tree species, size, and quality class; name of Icbetween the logistic management units. Travel
ging unit and the average production of dailtime depends on the distance and the average
logging; growing stock by assortments: actual cispeed of movement along the road, which can be
and allowable cut; possibility to use heavy truckin different conditions, and so travel time is cal-
with trailers; possible customers for each asso culated by the summation of road section times.
ment. Numerical values for the distance and the average

2. Customers (fig. 3): type of customer (locaspeed for each road section are obtained from the
customer means that direct delivery by truck idatabase of nodes and arcs. Transportation costs
possible, whereas remote customer means tlare calculated by summing up the road section
trans-shipment from trucks to railway wagon costs.
may be needed); distance from railway station = Numerical values for the distance and wood
remote customer; types of used assortments &transportation costs per 1°rfor each road sec-
their characteristics: tree species, size, qualition are obtained from the database of nodes and
class; monthly contracted deliveries by assorarcs.
ment. All routes and their characteristics are saved

3. Garages: number of registered vehiclein the database and downloaded from there when
(trucks); characteristics of each truck: modequeries are repeated. This significantly saves time
trailer, or semi-trailer availability, registrationduring the calculation of new alternatives for the
number, carrying capacity, average time for loatdelivery plan for the same graph.
ing and unloading. In search of an optimal delivery plan. The

4.Logging units: characteristics of each CTlcriterion for optimization is wood transportation
chain (harvester and forwarder): models, capa«per shift for every truck [8]. The total time for
ty, and average time for moving between cuttintruck movement is minimized during a limited

areas. shift without non-technological stops. The optim-
5. Railway stations: costs of trans-shipmeral decision directly corresponds to maximum
from trucks to wagons via terminal per . m wood transportation per shift that is the number

Wood transportation costs and trans-shipme of truck loads.
costs at the railway terminals are taken into a  During conditional optimization, every step of
count when creating optimal routes. the dynamic programming, for every current cut-

Before searching for optimal routes, the initiating area, provides customers with a minimum
layer of roads has to be transferred onto a grajtotal moving time. Moving time is calculated
The type of road, number of start and end dotfrom the beginning of a shift until arrival at the
arc length, and computed time for travel are e cutting area. During unconditional optimization
tered into the database for each arc. The user [(from the end to the beginning), a plan which has
to record the average speeds of all types of roea maximum number of truck loads is defined. If
for calculation of travel time. Wood transporta several alternative plans with the same number of
tion costs per 1 by different types of roads andtruck loads are defined then the plan where the
trans-shipment costs at the terminals have to truck arrives back at the garage as late as pessibl
given for the calculation of transportation cost:is selected (the usage of the truck is maximized).
If the user knows the specific properties of road
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Harvesting site characteristics
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Figure 2. Screenshot for a cutting area.
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Figure 3. Screenshot for a customer
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Table :
Comparison of short term delivery plan 1 and delivery plans 2 and 3, done with the DSS
e
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1 307 7382 53 2740 2212 5 0.764 0.300 0.871
2 255 7382 58 2997 2697 5 0.728 0.365 0.406
3 239 5743 58 3000 287 4 0.895 0.499 0.526

The assortment with the highest priority is seing two shifts per day for the same logistic man-
lected in the case of alternative types of assoagement units’ conditions (cutting areas, custom-
ments being allocated for transportation from tkers, routes, fleet, etc) (table 1). The “basic’i-del
optimal cutting area to an optimal customer. Ttvery plan (Plan 1) was done in a traditional way
assortment priority is moved to correspond to ttwithout DSS support. Two other delivery plans
user’s dialogue (characteristics of cutting area (Plan 2 and Plan 3) were constructed with the
customer). DSS. The difference between the second and

All trucks are included in the total list, by ga-third delivery plans is that in the third plan (Rla
rage, according to the user’s priority. The truck3) the trucks change drivers en route without re-
are then prioritized in the corresponding userturning to the garage every shift. There were five
dialogue (characteristics of garage). The firshpletrucks based in one garage, four cutting areas,
is calculated for the first truck in the list, themm  and four customers (three sawmills and one wood
the second one (for undelivered wood), and «terminal). The capacities for the CTL trucks were
on. In the case of several garages, the first pla50-52 m, depending on the model. The daily
are calculated for the first trucks of all garage:outputs of harvester-forwarder chains in cutting
Then plans are calculated for the second trucks areas were 140-420°ndepending on the site,
all garages, and so on, as long as there is woocand the actual cut per cutting area was 5000—
be delivered. The results are saved on a Micros 15000 . Half of the actual cut was coniferous
Excel file; every sheet in the file is a deliverysawlogs, including 9% small size spruce sawlogs,
plan for all trucks of a single garage. 18% coniferous pulpwood, 22% birch pulpwood,

Efficiency of the DSS. The efficiency of the and 10% energy wood.
developed DSS was tested on a real loggit Optimization of the schedule using the DSS
process in the Republic of Karelia (in short terraccording to Plan 2 shows that the total delivered
planning, up to one week) and the Leningrad rwood volume increases from 2746 ta 2997 m
gion (in long term planning, up to one year) [9](+9%). The total run is the same, but the total
The logging companies provided forest inventcworking time decreases by 17%.
ry, production, and infrastructure information The required fleet is the same: five CTL
Delivery plans were compared by using the fotrucks. The fleet utilization rate decreases slyght
lowing performance indexes: total work time(—4%), the index of loaded distance increases by
(hours), total run (km), total number of truck22%, and the total volume of transported wood
loads, total volume of wood transportation®m per 1 km increases by 9%. Optimization of the
total cargo run (km), required number of trucksschedule using the DSS according to Plan 3
fleet utilization rate per shift, index of loadecshows that the total delivered wood volume in-
distance, and index of operation work®km) creases from 2740 hio 3000 m (+10%). The
[8]. total run decreases from 7382 km to 5743 km (—

Short term planning. Three delivery plans 22%), and the total working time decreases from
were created for four adjacent working days u:307 h to 234 h (-22%).
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Table 2
Comparison of long termdelivery plans 1, 2, and 3, done with the DSS

harvesters and forward
Hourly productivity,
Total working time,
Total volume, m

Total cargo run, ki
Fleet utilization rat
Index of loaded distan
Operatiorwork, m3/km

Total run, kn

W Required number of truc

[

13474 622453 80025 308211 0.859 0.495 0.129

[

10270 448503 77995 189161 0.917 0.49Y 0.174

wi N = Plar
ol .

9|~ Required number o
|l emicub.m/t

=
| O] O
(o] ¥e))

1034¢ 44964 8032¢ 22338 0.86¢ 0.49: 0.17¢

[

This reduces the required fleet from five ttto 10 349 hours (—23%). It reduces the required
four trucks. The fleet utilization rate increasgs bfleet from 14 to 10 harvesters and forwarders.
19%, the index of loaded distance increases The fleet utilization rate increases, the index of
30%, and the total volume of transported rourloaded distance increases slightly, and the total
wood per 1 km increases by 42%. All thesvolume of transported roundwood per 1 km in-
changes also have input in the economics of tcreases by 39%. The productivity of the CTL
total operations, either decreasing the costs system (harvester and forwarder) increases by
increasing income. 13%. Also in this case it is clear that optimizatio

Long term planning. Three delivery plans of the operations has input in the economic out-
were created using different CTL vehicle fleetput.
for the same logistic management units’ cond Conclusion. Extraction of short-wood and
tions (table 2). The “basic” delivery plan wasfuel wood from harvesting processes is becoming
done for an existing vehicle fleet (7 harvesters, common practice in Russia, but they have limited
forwarders, 13 trucks) with DSS support. Secorknowledge of the potential in logistics. The de-
and third “advanced” delivery plans were donveloped DSS is a tool to assist the logging com-
with the DSS for an optimal fleet in wood transpanies to make comprehensive decisions on or-
port (7 harvesters, 7 forwarders, 6 trucks) arganizational options for woody biomass harvest-
harvesting operations (5 harvesters, 5 forwarde ing and logistics most beneficial for them. Appli-
6 trucks). The delivery plans were created fccation of the program allows efficiency to be in-
three winter months using two shifts per daycreased when introducing CTL technology in
There were about 60 cutting areas and five cLRussia, wood harvesting and transport costs to be
tomers (four sawmills and one wood terminal decreased, and utilization of the CTL machinery
Capacities for short-wood trucks were 30-59 nfleet to be improved. Testing of the program and
depending on the model. Daily outputs of harvecomparison of alternative delivery plans show
ster-forwarder chains in cutting areas were 60—!that the efficiency of short-wood transport and
m® depending on the site. fuel wood can be increased substantially. The

Optimization of the schedule using the praDSS could also be used for other applications and
gram according to Plan 2 shows that the total riprovides an excellent opportunity to convey
decreases from 622 453 km to 448 503 km knowledge gained in research to the companies
28%), and the total working time decreases by practical and understandable means.

24%. It reduces the required fleet from 13 to

trucks. The fleet utilization rate and the index of References
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CIHHEKTPBI NOI'VIOINEHUSA INEJJOYHO-T'AJTIONJIHbBIX
KPUCTAJIJIOB ITOCJIE PAIMOJIN3A CUCTEMBbBI «<KPUCTAJLJI — BO3YX»

Hccneoosanvl eemepocennbvle peakyuul 8 cucmeme <ufeiouHo-2aiouOHbLL MUKPOKPUCIATL — AMMO-
cheprblil 8030YX» Npu 8030€UCMBUU ¢ UOHUSUPYIOWUMU UZTYYeHUAMU. H3yuenbl onmuiecKkue ceoucm-
6a Kpucmannos nocie oopabomxu. Paccmompenvt ocobennocmu gopmuposanus nieHOK HUMpamos
Ha epanuye pazoena ¢asz xpucmanileozoyx. Obcyscoena 803MONCHOCHb PAOUAYUOHHO-XUMUYECKUX

peaxkyuil 6 ammocpepHom asposore.

KimoueBble cioBa: adpPO30JIbHBIC YaCTULbI, MCTOYHO-TAJIONJHBIC KPUCTAJIJIbI, PAANOAKTUBHOCTD
aTMOC(l)epI:I, TETCPOIrCHHBIC PCAKIINU, PCHTTCHOBCKOC U3JTYyUCHUC.

Beengenne. Kpucramisl miea04H0-TamonIHBIX
coequHeHnit ¢ coctaBoM MX (M — mienodHoi
MeTtaiul, X — rajloreH) HIMPOKO UCIOIb30BAINCH
B HAYYHBIX HCCIIEAOBAHUAX I U3y4YEHUs JeHcT-
BHsI HOHU3UPYIOIINX M3JIy4€HUN Ha TBEpAbIE Te-
7a. BeUM MOdy4eHBbl SKCIEepUMEHTAIBHbBIE JaH-
HBIE O TOM, YTO HOHU3UPYIOIIHNE U3ITy4YEeHUs CTU-
MYJUPYIOT TE€TEPOreHHBIE PEAKIUH B CHCTEME
«kpuctamn MX — atMocdepHBIi BO3ayXx», a pa-
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JMONIN3 JaHHOW CHCTEMBI MPUBOAUT K 0Opa3oBa-
HUIO HUTPATHOI'O MOKPBITUS MOBEPXHOCTU KpH-
crawioB [1 — 3]. Haunnas ¢ 1958rona cramu mo-
SABISITbCSL pabOTBI, B KOTOPBIX METOJIOM 3JIeK-
TPOHHOM MHKPOCKOIHMH HCCIIEI0BAINCH N3MEHeE-
HUSI TIOBEPXHOCTH KpHCTaioB MX, compoBoxk-
Jaronecs: 00pa3oBaHHEM paJWAlMOHHBIX KpU-
craiwutoB (PK). O6pasoBanne PK Habmonazock
pH BO3ACHCTBUM YIbTPA(HOIECTOBOTO M PEHT-



