Advances in Forestry Control &
Automation Systems in Europe

INTEGRATION OF OR AND MPC TECHNIQUES TO THE BIOMASS
SUPPLY CHAIN FOR ENERGY PRODUCTION

Tatiana M. Pinho'2, Bruno Oliveira?,
Dmitry Podpokaev3, Jussi Rasinmaki?,
Alexandra Marques? , J. Boaventura-Cunhat

1 UTAD, Portugal

2 InescTec, Portugal
3 Simosol, Finland

alexandra.s.margues@inesctec.pt

SSAFR 2015 | UPPSALA, SWEDEN | 19-21 AUGUST 2015

V IMD‘EELm"‘HL!Hs ‘.\vl\ m'

This project has received funding from the European Union Seventh
Framework Programme (FP7/2007-2013) under grant agreement n° [604286].




Agenda

1. Problem definition
2. Solution method

1. MIP model

2. Matheuristic

“Control” level
_ 4. Feedback loop
Advances in Forestry Control &
Automation Systems in Europe 3. Preliminary computational results
4. Concluding remarks

5. References

{ Yomnosol gl WABLERS Wik m.
mﬁ@mm“. nnlmrl ster " Y— w"m "’wr B e sracrs



Wood chips delivery planning problem
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Modelling Approach for the

Wood chips delivery planning problem

max NPV

v'Allocation of raw materials to the mills;
v'Upper bound for truck fleet and chipper
dimensioning

min unproductive time in chiping and transport
v'Chippers routing and scheduling;

v'Trucks routing and cheduling;
v'Synchronization of vehicles;

-> Fleet size

Check impact of events into the plan
execution and expected energy
content at the end of the day
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Operational planning: Daily routing and schedullng of
trucks and chippers

How many trucks % %
are needed?

Where? At what

time?
Depot

Depot -/\‘ﬂ..,

How many

chippers are
needed? Where? % %

At what time?
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MIP for the Daily routing and scheduling of trucks and
chippers

The problem can be modelled as two interconnected Vehicle Routing Problem, one for
chippers and another for trucks, over the same network. They are interconnected
through precedence and synchronization constraints:

Decision variables:

£V = {1, if vehicle v € R transverses arc (i,j) € A
Y 0, otherwise

Time spent by a chipper in node i € P}". Note that, this includes the waiting time of a
chipper in pile i € P (minutes)

Objective function: Minimization of unproductive waiting and deadhead times (i.e.
(empty truck travel times)
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MIP for the Daily routing and scheduling of trucks and
chippers

Z whe =1 vk E K

Constraints: gk

» Standard VRP constraints for trucks Z Ko =1 vk EX

» Standard VRP constraints for chippers E, T Z X =0 Yk EK.l "
I.'_-jr T |-

» One chippers per wood pile
» Maximum working time for chippers and trucks

» Precedence and synchronization between trucks and chippers

Chippers need to

i l* . . .
Z Df = Z Dy vier arrive first to any pile
KER vEV . )
Once start chipping,
- i ] * ] ] . . .
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Mst

Precedence/synchronization constraints

KEXK vEV

Dl = D"
Z P Py
veET rEV

Given this formulation,

computational time

vi € Pt (17)  Vehicle precedence
Vs EP:i,jE PP A< (18) Service ordering
DE.. Vs €P (19)  Waiting times
keX ’
v(i,j) EA,vER (20)

Variables’ nature
v(i,j) € A,s € ND,l1 €EP (21)

[

real-size intances are unable to be solved in viable
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Solution method - MIP model

; _ v
MinZ = w; + tyj xj;
igpl* (i IEAEM" vER

s.t.

For the chippers

Dik + tf_,-xi'-tji = DJF + maxTime(1l — xf}j

DF + (ws + tij)xf < DF + maxTime(1 — xf)

Minimization of unproductive waiting and deadhead times
(empty truck travel times)

Vik ER

Vk € K

vk EK,i e pY

vi e pl*

vk € K

vie Plruok ek

(1)

(2)
~ Standard VRP const.
(3)

(4)

(5)  Time initialization

(6) Maximum working time

vi= 0%j€ 8,k €K (7a) . .
~ Time elapsed constraints
Vs EPi€ B¥,jeE & k€K (7b)
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Solution method - MIP model

Furmemmks
Z X =1 vu EV (8)
J‘E M
Z =1 Yr ETV i3]
[Ed;—
B v _p vv EV.,i END (20)  Standard VRP const.
X Xji
Je§ jEe;
Zx:-‘}:l vi e M (11)
l:'E']'"]'E.EI'.'
zx;;=1 vi E P 12 |
I.:'ET'J'E.E;.'
Do =0 YU EV (13)  Time initialization
D} =maxTime z =, viE NDUO-v EV (149 Maximum working time
Jes!
Df + tyy =D/ + maxTime(l — x}) viz=0%je ST v EV (15a)
Time elapsed constraints
DY + st+ tj; <D+ maxTime(l — xf}) wiE ND.je §f v eV (155
LTW, = D} = UTW, wieE M, v ET {1&) Time windows
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Matheuristic for operational planning

Tactlcal level
output

1. Problem decomposition methods (clustering); 1

EE construction and preliminary
clustering

2. MIP models for clustering and vehicles routing,

h 4

scheduling and synchronization;
MIP routing and scheduling of

chippers and trucks
3. Meta-heuristic inspired in Tabu Search:

h 4

Computation of initial solution

Doerner, K.F., Schmid, V., 2010.; Maniezzo, V., et al. 2010. v

Tabu search procedure

v

Final solution
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Matheuristic > Defining Elemental Entities based on

output from tactical planning

Situation (1)
An EE is composed of o
. -7 .
all piles and power / \
plants so that the ’\ O—— }
. /
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contained in that EE. T
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Matheuristic > MILP model for Clustering EE’s

Decision variables

= [1, if the Elemental Entityi € E is assigned to cluster k € K
ke 0, otherwise

1,if cluster k € K is used

Vi = { 0, otherwise

NC Mumber of clusters

e.g. Barreto, S., et al. 2007.

Model
MinZ = NC;
s.t.
Zy* <NC (1) Number of clusters
k EK
X = Vi ViEEk €K (2} Linking constraints
Z X = 1 Vi€eE 3 An EE will only belong to one cluster
k EK
Zn:xm < Max, vk €K (4 Maximum number of dummy nodes
LEE
xy €{0,1} Vvi€eEE,l €K (5)
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Matheuristic >Tabu search procedure

Move from one solution to the next within its Neighborhood...

© O
-

cluster1 cluster2 cluster1 cluster2

... by swapping EE’s

-
-
-
-
-,
s
/
/
/

Move: Tabu Move:
Cluster1 =1 Cluster1 =1
Cluster2 =2 Cluster2 =2

EE1=1 EE1=5
EE2=5 EE2=1

... evaluate new solution -> solve MILP within each cluster

Update tabu list

L]
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The Model Predictive Control approach

Disturbances
(breakdowns, delays, ctc.) Demand /
constraints
matheuristic
4 '
Planning model \ Processes
.g . - > P Power Plant
and optlmlzatlon )l'he‘mes and tasks (chipping and transportation)
\
e A

__________________________ Sensors

(current state)

Classification
block

Predictive model
(schedule model)

Discrete-event simulation

| CONTROLLER

Set of warning flags which may require replanning
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The discrete-event simulation model

CLIENTS TERMINALS
Client1 H I Terminl >_.|I:| I
Client 1

Events & Plan

i

T —
Clients E From Client 7 Simulate
C:::a Cliert 4 (end of day)
=N
lr From14 Client & From18 Client 9
‘ 1
AT Client Energy Content 1 Compare time
From19 Client Content2 ea":h 'taSk- Flag
} > ] I E Deviation > x
From21 Client Content 3 = - min?
T — ==
From22 Client Content4 From268 Clent12
e
From23 Client Content 5 .L%
@Jﬂ—l =~
: From24 C‘EriErEgyGoma'vtﬂ ;’
Compare energy
e Simulate the execution of the plan defined by the planning Sontent at each Hlae

* Integrate the real data acquired by sensors and simulate the
remaining period of time until the end of the day
e Analyse the impact of disturbances (such as breakdowns and

Flag
delays) in the initial plan *
e Connected with a classification block that send warning “flags” Replan

to the FOCUS Core regarding the result of that analyses
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“Control” phase

. Time 195 202 225 . 463 473 493 498 v 588 596 606 636
Vehicle
Chipper 1 pddl pdd1 . pldl -
Chipper2 | p2dl  p2dl  p2dl ... padl  padt  pat psr .. [
Truck 1 p4dl pldd
Truck 2 p2d2 " cld3 c6d4
Truck 3 < p2d1 ) c6d1
Truck 4 p3d2
Daily plan:

* Number of chippers / trucks
e Tasks and schedules of chippers and trucks for a day

* Expected amount of material in the power plants
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Preliminary results

EE_id #piles #powerplants |#chippers #trucks  Computational time

0 2 3

0 2 3
— 2 For a given day:
1 1 2 .
9 Elemental entities
2 1 1
S ! Grouped into 5
3 1 1 clusters
3 1 1
4 1 1
4 1 1
5 1 1
5 1 1
6 2 1
6 2 1
7 1 1
7 1 1
8 1 1 B
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Preliminary results

New daily schedule for one of the clusters:

Vehicle\Time 142 202 225 232 240 270 285 295 315 325 330 333 360 363
Chipper 1 padl pad1 Pile 4- pa
Chipper 2 p2d1 Pile2.P2
Truck 1 pad1 cad1 pad3 cAd3
Truck 2 p2d2 c2d2 pad4 cdd4
Truck 3 p2dl c2dl p2d3 c2d3
Truck 4 pad2 c4d2 p2d4 c2d4
Vehicle\Time 373 403 413 430 433 443 463 473 493 498 503 523 536 543 553 566 576 588 596 606 636
Chipper 1 pldl pile1-p1 [ depot |
Chipper 2 p3di Pile3-p3 -
Truck 1 pldl cldl plda cld4 -
Truck 2 pld3 cld3 p3da c6d4
Truck 3 p3dl c6dl p3d3 c6d3
Truck 4 pld2 cld2 p3d2 ced2
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Concluding remarks

1. The proposed solution method efficiency is highly dependent on cluster creation and graph

simplification techniques. Some are still to be implemented.

2. Problem decomposition (cluster creation) allows for events management to be addressed
In a faster computational time as it only takes into account the part of the system in which it

OCcCurs.

3. Further testing will be conducted to properly parameterize the tabu search method

governing the local search

4. Results of the matheuristic are promising. Some efficiency procedures are still to be

iImplemented which we expect to improve computational results.

5. The bottleneck, as expected, is the efficiency of the exact method. MIP model resolution
methods may be explored further on (Drex|, M. (2012)).

6. Additional testing is required for control and re-optimization

ciec, i WAHLERS WS m.
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FOCUS in a nutshell

What?
7 FP SME-target collaborative RTD project
01-01-2014 to 30-06-2016 (30 months)

Why?

Need for integrated processing and control systems for
sustainable production in farms and forests.

How?

New FOCUS technological platform that combines sensors and
sophisticated software solutions for integrated control and
planning of the whole forest-based value chain.

7 Work Packages encompassing specification, development of
data collection tools as well as control and planning tools,
integration; assessement of prototypes into 4 pilot cases.
Covering the value chains in Europe of lumber, pulpwood,
biomass and cork transformation; from forest planning to
industrial processing.

Total budget of Y4AM€ (~3M<£ EC funding)

By whom?

Consortium of 6 SMEs and 6 RTDs from Portugal, Finland,
Belgium, Switzerland, Austria and Germany, combining
expertise in forestry, sensors, automation and software

development.

The goal of FOCUS is to improve sustainability,
productivity, and product marketability of forest-
based value chains through an innovative
technological platform

for integrated planning and control of the

whole tree-to-product operations,

used by forest-producers to industry players.

www.focusnet.eu
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Thank you!
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