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Abstract. In the forestry industry, residues are generated when the stands are exploited and dur-
ing the production of wood. The residues can be used to obtain incomes and generate thermal
and electrical energy. This work presents a MILP formulation aimed at optimizing the topology
of the supply chain and the material flows of a forestry-industrial company that has a power
generation plant. The objective function of the formulation aims at maximizing the company
profit while its constraints set the supply chain configuration. Optimal material flows within the
chain are consequently fixed. The model of the supply-chain was solved with GAMS and the
optimal configuration and flows for several scenarios were obtained. Analyzing these variations,
it can be affirmed that considering a new structure in the supply chain allows improving the
profitability of the organization.
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1 Introduction

The global economy depends strongly on the fossil fuels, the oil price volatility, the
projected long-term decline in global oil reserves, and the rising energy consumption.
Due to the aforementioned, the study of “green” and sustainable alternatives trying to
reduce dependency is receiving considerable research efforts. Green energy sources
should ideally be renewable and sustainable. Biomass originates from biodegradable
products, waste, and residues of biological origin from agriculture, forestry and aqua-
culture, and from a wide range of raw materials (wood, agricultural crops, byproducts
of wood processing, manure and the organic processing of waste). Although the con-
sumption of biomass for generating energy presents several advantages [1], some dif-
ficulties such as availability, cost and quality, conversion performance, and transport
costs must be overcome for its efficient use as fossil-fuels replacement. Forest biomass
is usually dispersed geographically and needs to be transported to plants in a cost-ef-
fective way. Nowadays, there are underutilized large quantities of residues in countries
with intensive forestry management because the cost of collecting and transporting
them is greater than the market value [2]. The main source of forest biomass is waste
derived from the harvest, which represents in Argentina, 264.000 t per year and arises
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mainly from implanted forests. The biomass generated from forest harvests is basically
composed of branches, canopies and sections of stem outside commercial standards. In
addition, waste is generated in the sawing process, such as sawdust, cants chip, pulp
chip and other. This study develops a mathematical model for optimizing the structure
and the material flows of a supply chain of a forestry industrial complex. The approach
presented in this paper improves the model presented by Bragado et al. [3] by consid-
ering additional practical aspects of the problem. In this way, the new formulation takes
into account, in a more precise way, the flows of products, byproducts and residues that
go across the network. The feasibility of operating a 4MW cogeneration plant (which
consumes biomass as raw materials) jointly with the computation of optimal flows of
products to clients is researched. The objective function aims at setting the supply chain
configuration that maximizes profits and selects the best biomass supply-sources and
source to customer’s flows. The MILP model of the supply chain is solved with GAMS
and its optimal configuration in several scenarios is presented and discussed.

2 Problem description

The vertically integrated forestry-industrial company located in the north of
Misiones province owns forests, a cogeneration plant (which produces bioenergy by
using biomass as fuel), and sawmills (that produce timber products). Let R = {ry, r>, ...,
rioo} the set of forests from where products K* = {PL: pulpable logs, SL: sawn logs,
FB: forest harvest biomass} are obtained. Thus, if a stand is exploited, a given amount
of any product is obtained depending on the stand area and the characteristics of the
corresponding intervention on the stand. Pulpable logs and sawn logs are transported
from forests to a debarking area, where the barks are removed by a debarker machine.
Biomass is used as fuel for the power generation plant. Let / ={I,, U ,,;} the set of
chipper machines (hereinafter referred to as “chippers”) defined as the union of the
subset of operative chippers I, = {i;, i>} and potential chippers 1o, = {i3, is} that may
become operative just after and the acquisition decision has been made. Chipper i3
would allow to process pulpable logs and would have a bigger processing capacity than
the current machines (/,5). Chipper i, would be a mobile device that can be placed in
forests for processing branches, leaves and fine stem, e.g., forest harvest biomass. The
set of destinations is defined by J = {p;, J2, J3, J4, J5, Js}. Pulpable logs can be sold
directly to customers type 2, J’ = {J>}, or sent to the own sawmill, Ap = {ap;}, where
the first processing step is the debarking. The debarked pulpable logs are transferred to
chippers that process them in order to obtain byproducts. In the case of pulpable logs
processed by the potential chipper i3, the obtained product would be pulpable log chip.
Sawn timber, log outlines and sawdust are obtained from sawn logs. The outlines of
sawn logs are sent to the chippers /,, = {i;, i>} which process these so called cant in
order to obtain cant chips. Through sawing on these machines, several types of chips
are produced according to customer specifications (K = {PLC: Pulpable Log Chip,
CC: Cant Chip, FBC: Forest Biomass Chip}, which are subsequently marketed. Cant-
chips and pulpable log chips satisfy customers’ requirements in the same way, therefore
they are added together and called trunk chips (7C: Trunk Chip). Chips produced out
of specifications, waste-chips (WC), and wastes (Ws) from the different process stages
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(for example, bark and SD: Sawdust) are fed as fuel (B: Biomass) to the power genera-
tion plant {JP = p,}. Furthermore, residues (#,) can be purchased from third-party
sawmills Ar = {at;, at,,..., atz} in order to supply the plant and complement the flux
sent from the chippers. Sawn wood and the surplus of chips and pulpable logs can be
directly sold to certain destinations named general customers JC = {J>, J3, J4, Js5, Js}. It
is clarified that the client J> is placed in two sets, since chips and pulpable logs can be
sold to it. The power generation plant produces 4 MWh while consuming 192 ¢ of bio-
mass per day and operates continuously every day Thus, the objective of this work is
to determine the optimal structure of the supply chain considering the incorporation of
relevant equipment and the optimal flows of products in order to maximize the profits
of the company for a period of one year while satisfying the demand of the power gen-
eration plant and customers’ demands of company products. Figure 1 illustrated the
researched problematic.

STANDS (r)
Harvest Biomass (F8)  Pulpable Logs (PL) Sawn Logs (SL)

& = =

DEBARKING AREA
Debarked SAWMILL (OWN) (ap) Bark
Pulpable
Logs Wood
DRIYING
d MANUFACTURING
PROCESS
Cant x
Lumber for
PORTABLE PULPABLE WASTE commercialize
CHIPPER 4 (i4) CHIPPER 3 (i3) CHIPPER
1-2(i1,i2)
SAWMILL
Biomass Pulpable Waste Sawdust (IHIR?';ARW)
Chip (FBC) Logs Chip a
We) (SD) d
Biomass (B)
CUSTOMERS CUSTOMERS 2 I POWER GENERATION PLANT (p1) I

(13,j4,5,i6) (12)

Fig. 1: Diagram of the addressed problem.
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3 Mathematical model of the supply chain

Sets
Ar
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JP
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K
Kst
Kc
Ksw
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Parameters

CRr,k
CMINl"k
CMAX ik
Dy
DRCr,ap
DCD ij
DCDZ irj
DRD r,j
DAT] at,j
PP,
Car at i
CFCL'
CFAl'
CVAl'
CTRCr‘ap
CTRDr, j

CTATCat']'
CTCC i,j

CTCCZL"r,j
Rrc

Third-party sawmills

Company’s sawmill

Chipper machines

Operative chippers

Potential chippers

Destinations

Customers type 2

Plant

Customers who can buy chip

Products

Products obtained from stands

Products obtained after being processed in chipper machines
Products obtained after being processed in the own sawmill
Stands

Capacity of stand r for producing product k (2).

Minimum capacity of chipper machine 7 for processing product & (%).
Maximum capacity of chipper machine i for processing product & ().
Demand of destination j of product & (f).

Distance between stand » and own sawmill ap (km).

Distance between chipper machine 7 and destination j (km).
Distance between portable chipper machine i and destination j (km).
Distance between chipper stand r and destination j (km).

Distance between third party sawmill af and destination j (km).
Selling price of product & ($/2).

Cost of raw material k& purchased from third party sawmill az ($/2).
Fixed cost of chipper machine i ($).

Fixed acquisition cost of chipper machine i (§).

Variable production cost of chipper machine i ($/2).

Transportation cost between stand » and sawmill ap ($/km).
Transportation cost between stand » and destination j ($/km).
Transportation cost between third party sawmill a¢ and destination j

($/km).

Transportation cost for moving materials from chipper machine i to
destination j ($/km).

Transportation cost for placing portable chipper 7 in location j ($/km).

Processing yield of product on chipper-machine.
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Vehicle capacity (7).

Minimum number of truckloads sent from stand r (2).

A large number

Transformation yield of sawn logs to cants.

Transformation yield of sawdust produced by the company sawmills.
Transformation yield of bark obtained from the debarking of pulpable
and sawn logs.

Transformation yield of sawn logs to wood

Transformation yield of sawdust from wood processing.

Quantity of sold energy

Yield of t of biomass per MWh ($/MWh).
Energy sale price per MWh ($/MWh,).
Selling price of wood after drying ($/%).

Continuous variables

XRAPr’ap’k
XAPIap‘i,k

XAT]at, jk
XAP]ap,j,k

XR/r,j,k
XI]i,j,k
XRIr,i,k
A
REV
IrL

I

Irc
Irc
Iw
cosT

Crym
Crc

Cuc
Cr

Quantity of products k transported from stands » to own sawmills ap
Quantity of products & transported from own sawmill ap to chipper i

Quantity of products & transported from third-party sawmills at to desti-
nation j.

Quantity of products & transported from own sawmills ap to destination
J-

Quantity of products k transported from stands 7 to destination j.

Quantity of the products & transported from chipper i to destination .
Quantity of the products & transported from stands » to chipper i.
Quantity of produced k biomass.

Objective function.

Revenue.
Income from sale of pulpable logs.
Income from sale of energy.

Income from the sale of trunk chips
Income from sales of biomass chips.
Income from the sale of wood.
Total costs.

Cost of raw material purchased from sawmills.

Fixed chipper machine installation cost.

Utilization cost of chippers i (i3 or iy).

Variable production cost of chippers
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Cr Total transportation cost.

Binary variables

Yz, Equal to 1, if the stand 7 is harvested on the planning period
Yapa, Equal to 1, if the own sawmill ap is used.

Yar,, Equal to 1, if the third-party sawmill a supplies raw material.
Y, Equal to 1, if chipper i is used.

Y/,- Equal to 1, if customer j receives products.

Objective function

The objective function seeks the maximization of the company’ profit. Profit is de-
fined as the difference between revenues and the summation of fixed and variable costs.

Z = REV - COST (1)

Flow and balance constraints

Egs. (2)—(16) define the balance and flows between the different nodes in the supply
chain and ensure the flow between them.

Equation (2) establishes that if a stand is exploited, the amount of pulpable log sent
to customers and the own sawmill must be equal to the capacity of the stand.

VreR Vk=PL
Z Xepju * Z Xeapyapie = Crrpe * Yo, ’ @

J=jr ap=ap,

For the sawn log, equation (3) shows that, if a stand is exploited, the amount of sawn
log sent to the own sawmill must be equal to the capacity of the stand.

Vr€eR, Vk=SL
z XRAPr,ap,k = CRT,k * YRT " (3)

ap=apy

Equation (4) connects the amount of forest biomass sent to the portable chipper with
the capacity of this product in the stands, if that stand is exploited.

Z Xrtpie = Crepe * Yo, vrek vk=rp @
=

Equations (5)-(11) determine the amount of different products obtained after certain
operations. In these constraints, several conversion factors, such as Rgc4yr, are used.
Equation (5) calculates the number of cants that are sent to the waste chippers from the
own sawmill considering the amount of sawn logs received from the stands.
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XRAPTM,,,c *(1— RLBARK) * Rscanr = XAPIa,,,i,k (5)
r,ap=apq,k=SL ap=api,i=iop,k=Cant

Equation (6) specifies the amount of pulpable logs that is sent to the pulpable log
chipper.

v €EAP,Vk =PL
Z XRAPT’apvk * (1= Rypark) = Z XAPIa,,,i,k ap ’ (6)
=

i=i3

Equation (7) determines the amount of cant-chips and pulpable log chips obtained
after cants and pulpable logs are processed on the operative chippers.

_ E Vi€iyi,lis 7
XAPIa,,,i,k * Rpe = Xlli,j,k ( )
ap,k=Cant,PL j,k=CC,PLC

Equation (8) determines the amount of waste chips obtained after cants and pulpable
logs are processed on operative chippers.

XAPIap,i,k * (1 - RTC) = Z XI]i,j,k vie il' iz, i3 (8)

ap,k=Cant,PL Jj=p1,k=WC

Equation (9) shows the relationship between the amount of forest biomass and the
amount of forest biomass chips.

Z Xety i = Z Xy Vi=i, ©)

r,k=FB j,k=FBC

Equation (10) determines the amount of bark obtained from the processed logs that
is sent to the power generation plant.

( Z Xrapyapi T Z XRrapyapi) * Ripark = Z XaPapjk Vap € AP (10)

r,k=PL r,k=SL j=p1,k=Bark

Equation (11) defines the amount of sawdust obtained from the processed logs that
is sent to the power generation plant.

XRAPT’apvk * (1 = Rypark) * Rsw * Rspsw + Z XRAPTWJc * (1 = Rypark) (l l)
r,ap,k=SL r,ap,k=SL

* Reps = XAPJa,,,,-,k
ap,j=p1,k=SD

Equation (12) determines the total amount of biomass (B) used in the power plant. The
biomass is obtained from residues of third party sawmills, biomass chips, pulpable log
chips, cant-chips, waste chips, bark and sawdust.
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Z XAT/at,j,k + Z X”i,j,k Vj E]P (12)

at,k=Ws i,k=CC,PLC,FBCWs

£ D K = ) K

ap,k=Bark,sD

Equation (13) shows that the sum of cant-chips and pulpable log chips is equal to the
log chip that can be sold to customers.

vjejc (13)

Xifije = Xijijn
i=iy,iz,i3k=CC,PLC i=iy,izigk=TC

Eq. (14)-(15) impose upper and lower bounds on the quantity of products k trans-
ported from stands » to the own sawmills ap. Similar constraints must be imposed to
variables Xg; . » Xap1y, i » Xeiy gy a0d Xary,, - Due to space limitations, they are not written
in this work.

> Kearyup <M< Yy, (14)
ap,k=SL,LP
l RAP,,ap,k = mp * YRTJ
apk SL,LP
Vap €A
Xearyapse <M * Vap,, ap € 4p (15)
rk SLLP
l XRAPrapk = mg * YAPapJ
rk=SLLP

Demand and production constraints

Eq. (16) defines the minimum and maximum production capacity for products pro-
cessed in each chipper machine. For waste chippers (i;, i, ), the constraint imposes max-
imum and minimum bound on the quantity of cant chips that can be obtained. Regard-
ing the chipper processing pulpable log (i;), a similar constraint limits the maximum
and minimum quantity of pulpable log chips that can be processed. Finally, another
similar constraint states the maximum and minimum amount of biomass chip processed
by the portable chipper (i,).

( E Xy, =C v, )
A = SMiN g Vi€ I,V k = CC,PLC,FBC (16)
J

ZX”i,j,k < Cuaxgp *
7

Equations (17)—(19) determine the quantities of product £ necessary to cover both
the internal and external demands.

ZXR]r,j,k S Djex Yy Vj€J,Vk=PL (17
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- Vj=p,Vk=B
XBj,k =D+ ¥y J=p (18)
ZXUW <D+, Vj€JC,Vk=TCFBC (19)
i

Income constraints

Equations (20) — (25) define the revenues obtained from the sale of different prod-
ucts. Therefore, while eq. (20) computes the total incomes as the sum of revenues as-
sociated to the sale of each product, egs. (21) to (25) define the profits associated to
selling pulpable logs, energy, trunk chip, biomass chip and wood, respectively.

REV =1Ip, + Ig +Ipc + Ippge + Iy (20)
Ip, = Z Xeyy 0 * PPy (21)
r,j=J k=PL
(22)
Iy = z Xp;, * Ppx (1/Rg ) * Vg
Jj=p1 k=B
(23)
Ipe = z Xl/i,j,k * PPy
i,j=JCk=TC
Inge = Z Xy * PPe (24)
i=4,jk=FBC
Iy = ( Z CRr'k * Yp, ) * (1 = Rypark) * Rsw * By (25)
r,k=SL

Cost computing constraints

Eq. (26) computes the total costs as the sum of all costs. In this way, the cost for
purchasing raw materials is defined by eq. (27), chipper-machines fixed costs are de-
fined by eq. (28), amortization of acquired chipper-machines are given by eq. (29),
production costs are defined by eq. (30) and transportation cost by eq. (31).

COST = Cryy + Cpc + Cyc + Cp + Cy (26)

Crm = Z XatJasji * Cataek 27)
atj=py k=War

Crc = Z Cre; + Z Crey* 1y (2%)
i=iop i=ipot

Cyc = Z Crag* 1 (29)

i
Cp = Z XAPIa,,,i,k * Cyg; + Z Kty * Cvay (30)
ap,i=iy,iz,i3 k=cant,PL ri=ig,k=B
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C Cree:
TRCr,ap TCCjj (3 1 )
Cr= XRaP, qpie * Dreyap * . + Xijijx * Dep 0¥ <
r,apk=PL,SL ¢ i=iy,ip,is,j,k=CC,PLC ¢

CTCCi']'
+ z Xijiju* Depyjx —o— + z 2SI
,,,,, c

i=iq,ip,i3,j=p1,K=WC r,j=jr,k=PL

C C
TRDy, TATCqt,j
* DRDm— ¢ + Z XAT/,HJ-,,c * DAT]atJ- T
¢ atj=prk=War ¢

¥ D TCC2iy,
*
+ 1igx * Devzig; —¢
i=i4,j,r,k=FBC ¢

4 Numerical Results

The convenience of using the proposed formulation is demonstrated by solving dif-
ferent scenarios of the case study. Table 1 shows the main characteristics of the scenar-
ios considered in this section. From S; to S4, they consider alternative configurations
for the chippers, while the demand of forest biomass for the power energy plant (70.080
t/year, necessary to generate 4 MWh) as well as the maximum amount and the price of
the waste delivered by third-party sawmills (179.914 t/year and 392 $/f) are the same
in all scenarios. S; represents the current situation of the company where just the chip-
pers used for processing cants (i; and i;) are available. The pulpable logs chipper (i3)
and the forest biomass chipper (is) are not present. On the other hand, S4 is the most
general situation where the possibility of reconfiguring the supply chain and all product
flows is considered. S4 considers that each chipper (i; to is) may or may not be included
on the supply chain configuration. Scenarios Ss | to S7.4 deal with different situations of
practical interest to the company. In these cases, the variations are considered with re-
spect to the values of scenario Sa.

Table 1. Case scenery characteristics.

Case Waste Pulpable  Portable Biomass Waste of third-party sawmills
Scenery C!lipp'ers Chipper Chi'pper Demand Maximum mount Average Price

(i & i) (i3) (is) [t/year] [t/year] [$/]
Sy Yes No No 70.080 179.914 392
Sz Yes No Yes 70.080 179.914 392
S Yes Yes No 70.080 179914 392
S4 * e * 70.080 179.914 392
Ssa * * * 87.600 179.914 392
Ss2 * * * 105.120 179.914 392
Ss3 * * * 122.640 179.914 392
Ss4 * * * 140.160 179.914 392
Se.1 * * * 70.080 107.948 392
S6.2 * e * 70.080 80.961 392
Ses * * * 70.080 53.974 392
Se.4 * e * 70.080 26.987 392
S71 * * * 70.080 179.914 490
S72 * * * 70.080 179.914 588
S73 * * * 70.080 179.914 686
S74 . i . 84.600 179.914 785

" The inclusion {0;1} is determined by the model.
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Ss.1 to S7.4 take into account changes related to biomass demand as well as the max-
imum amount and price of waste supplied by third-party sawmills. In the first cases,
Ss.1 to Ss.4, an increase in biomass demand by the power generation plant is considered,
ranging from 87.600 t/year to 140.160 t/year. On the other hand, in cases Se.i to Se4, a
gradual decrease in the supply of waste provided by third-party sawmills is taken into
account, ranging from 107.948 t/year to 26.987 t/year. Finally, scenarios S7.1 to S74
consider the price increase of waste purchased to third-party sawmills (ranging from
490 $/t to 785 $1t).

The formulation was implemented in GAMS 34.3.0 and solved with CPLEX 20.1
on a personal computer, with Intel Core i3-9100F 3.60 GHz and 32 GB RAM memory,
for a 0 % gap tolerance. It is important to note that all scenarios are solved in short CPU
times. Optimal results are obtained using between 0,09 and 0,19 seconds of CPU time.
For the cases considered, the model involves 656 continuous variables,131 binary var-
iables, and 1.062 constraints.

4.1 Results for different equipment considerations (S1 to S4)

Table 2 and Figures 2 to 5 show relevant characteristics of the solutions obtained
for scenarios S; to S4. For example, Table 2 indicates the number of harvested stands,
the amount of raw materials (pulpable log, sawn log and forest biomass) sent from
stands to the different supply chain entities, the number of produced chips, as well as
the amount of waste supplied by third-party sawmills.

Table 2. Results for scenarios Si to S4

Case Stands Pulpable Saws  Harvest Pulpable Cant Biomass Third-  Waste

Scenery Logs Logs  Biomass Log Chip Chip party third
[t/year] [t/year] [t/year] Chip [t/year] [t/year] sawmills party
[t/year] sawmills
[t/year]
Si 10 4.966 38.729 0 0 12.417 0 12 59.175
S; 8 4.877 33416 1.555 0 10.714 1.555 12 59.116
S3 71 61.924 121.089 0 44515  38.824 0 1 237
S, 27 15.633  108.786  8.468 8.315 34.879 8.468 9 28.663

From the table and figures, it can be seen that the most rentable case is S3. Never-
theless, when the solution is analyzed, it is observed that the biomass from the stands
is not used, therefore more stands must be exploited to cover the demand of raw mate-
rial for the power generation plant (44 stands more than in S4). Apparently, Sz involves
an economically advantageous situation in the analyzed period, however, it has nega-
tive consequences in the future because constrains the company capacity to obtain raw
materials due to the overexploitation of stands carried out in the current planning pe-
riod. In addition, it implies wasting the available forest biomass and leaving it in the
forests. In order to avoid this situation, the costs of exploiting stands must be taken into
account.

The solution obtained for S4 establishes that all the chipper machines must be used
to maximize the economic benefit. Figure 5 shows the network structure obtained for
S4. Compared with the solutions obtained for cases S; and S, the solution of S4 presents
greater profit mainly due to two factors: the increased production and the sale of chips
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and lumber, as well as, a decrease in the purchasing cost of waste from external
sawmills. It is important to note that the increase in profit occurs despite the significant

increase in transportation costs.
S4 L ——
.

151.732.513
S3
g e ]
- 68847311
g S1
)
oM 50 M 100 M 150 M 200 M
mPulpable Logs Income ®Power Income
= Chip Income = Biomass Income
5 - - % mLumber Income
Fig. 3. Revenues for S1 to S4
[Millions $/year].

Fig. 2. Objective function value for S1 to

sS4
<
s
© —
aOm

oM 20M
mRaw Material Cost u Chipper Fixed Cost
® Chipper Amortization Cost ® Production Cost

60M 8™ 100M

= Transport Cost

Fig. 4. Cost for S1 to S4 [Millions $/year].
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Fig. 5. Optimal network structure obtained for Sa.
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4.2 Results for scenarios with perturbed parameters (Ss.1 to S7.4)

In this section, the results for cases Ss; to S74 are shown (see Table 3). From the
analysis of the results obtained for Ss | to Ss4, it is highlighted that most of the increase
in the production of the power generation plant is carried out with residues from exter-
nal sawmills without intervening more stands than in S4. This is due to the capacity of
the company, with the proposed network topology and taking into account the maxi-
mum use of its own resources, is insufficient to cover the increased plant demand. In
all the variations of the Ss scenarios, the income from energy sales, the costs of buying
residues in third-party sawmills and the costs of transporting them increase. In addition,
in all scenarios, the revenues increase more than costs. In case Ss4, in which 140.160
tons per year of waste are required for the operation of the plant, the economic benefit
continues to be positive. In this case, only 98.743 tons of third-party waste are used,
which represents 55% of the total waste that can be purchased to third-party sawmills
(179.914 tons). Therefore, it is observed that, if required, it is feasible to increase the
production of the plant without making major changes in the supply chain, since there
is still an external supply of waste, at a reasonable market price, that can be used.

On the other hand, the results obtained considering the decrease in the amount of
waste from external sawmills (Se.1 to Se4) show that it can be easily managed, with a
minimum variation in benefit, due to the great availability of external sawmills in the
region where the company is located. The analysis of the results shows that in scenarios
Se.1 to Se.3, the amount of waste required from external sawmills is the same, but the
number of sawmills supplying waste increases. In these cases, the economic benefit of
the company decreases by less than 1%. In scenario Se4 (in which there is an 85%
decrease in the amount of waste available), the economic benefit is reduced by 3%.
This is due to the fact that more stands have to be intervened and all the residues from
third-party sawmills are used.

Table 3. Results for scenarios Ss.1 to S7.4.

Case  Stands Pulpable Saws Logs Harvest Pulpable Cant Biomass Third- Waste

Scenarios Logs [t/year] Biomass Log Chip Chip Chip party third
[t/year] [t/year] [t/year] [t/year] [t/year] sawmills party

sawmills

[t/year]
Ssi1 27 15.633 108.786 8.468 8315 34879  8.468 11 46.183
Ss2 27 15.633 108.786 8.468 8315 34879  8.468 13 63.703
Ss3 27 15.633 108.786 8.468 8315 34879  8.468 15 81.223
Ss4 27 15.633 108.786 8.468 8315 34879  8.468 17 98.743
Se.1 27 15.633 108.786 8.468 8315 34879  8.468 11 28.663
Se.2 27 15.633 108.786 8.468 8315 34879  8.468 13 28.663
Se3 27 15.633 108.786 8.468 8315 34879  8.468 17 28.663
Se.4 30 18.943 109.545 8.860 10.903 35.122  8.860 20 26.987
S71 27 15.633 108.786 8.468 8315 34879  8.468 9 28.663
S72 27 15.633 108.786 8.468 8315 34879  8.468 8 28.663
S73 30 18.943 109.545 8.860 10.903 35.122  8.860 3 12.881

S74 30 18.943 109.545 8.860 10.903 35.122  8.860 0 0

Memorias de las 51 JAIIO - SIIIO - ISSN: 2451-7496 - Pagina 143



SIIIO, Simposio Argentino de Informatica Industrial e Investigacion Operativa

Finally, in scenarios S71 to S74, the price increase of waste forces the company to
reduce the purchase from external sawmills and replace it with its own products, which
implies a decrease in profit. Given that the company must allocate more of its own
products to be used as fuel in the power plant, the revenue decreases due to the reduc-
tion in sales of products to customers. This situation is clearly evidenced in scenarios
S73 and S74 where the prices of waste increases between 75% and 100% with respect
to Ss.

5 Conclusions

This work presents a MILP model for optimizing the structure and product flows of
a forestry-industry company, taking into account the use of forestry resources to meet
the needs of different customers and to satisfy the demand of a power generation plant.
In the approach, several raw materials from stands and byproducts that flow through
the network are accuracy considered, mainly those related to biomass and residues of
the activity due to the importance of being used as fuel for the power generation plant.

The objective function of the model is the profit maximization. The proposed model
was evaluated considering several operational conditions of a forestry-industrial com-
pany. In all cases, in few CPU time, optimal solutions were obtained. From the solu-
tions can be seen the importance of considering a new network structure in order to
increase the company profit. The solution obtained for the most general case (S4) indi-
cates the benefits of including new chippers for the treatment of forest biomass and
pulpable logs. In this case, the company is able to increase the profit by intensifying the
production of several products, taking advantage of the biomass and waste of all the
company activity and decreasing the purchase of waste to third party sawmills. The
results show the advantages of using the proposed approach as a decision-making tool.
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