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Background
Transport in the forest industry
Why controlling MC?

Effects of drying on volumetric variations (roundwood)
and DMC (biomass) losses

MCPLAN — LP-based supply chain optimisation
tool

Case study: Roundwood and biomass in Asturias
(Northern Spain)

Summary
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- Transport is a strategic component for companies that
manage complex wood and biomass supply chains

- Globally, the transport of roundwood and biomass
from the forest to consumption centres accounts for
up to half of the operational costs in the forest supply
chains, which means millions of dollars for the
forestry industry

- Even small improvements in efficiency can mean
significant savings in transport costs, which would
flow directly to the single firm and the benefits would
also extend to haulage contractors and truck drivers
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Maximising volume capacity
Reducing Truck fleet

Also reduction of GHG emissions
and greater heating value (biomass)
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losses

- In-forest drying can result in volumetric variations
which can be negative (due to shrinkage) or positive
(due to splitting)

- Anecdotal evidence from forest operators and
managers indicate that volumetric variations of up 6%
per year might be expected after drying Eucalyptus
globulus logs for periods exceeding eight months.

- In-forest drying, storage, and handling of forest
residues can result in high DMC losses, which affects
the quantity and quality of the biomass delivered to
energy plants
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- Analyse the impact of drying and raw material losses on
wood and biomass supply chains costs and GHG
emissions

v Impact on the MC% of roundwood and biomass delivered to
customers

v Impact on drying time of roundwood and biomass in the forest

v Impact on the tonnes of roundwood and biomass delivered to
customers

v Impact on truckloads

v Impact on costs and GHG emissions
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< % o Transport tasks
e ‘* Transport plan/schedule

MCPLAN

FastTRUCK
Scheduler

Level of uncertainty

FastTRUCK
Dispatcher

Annually/Monthly Weekly/Daily Hourly
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- Linear programming harvest scheduling system that
provides optimal drying times for roundwood and biomass

- Objective function: Minimization of supply chain costs,
Including harvest, storage, chipping, transport

- Constraints: Demand for roundwood (m3) and biomass
(MWh), even harvest volumes, no storage, minimum MC,
etc.

- Decisions are driven by drying curves (MC)

- Sensitivity analysis of different parameters
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MCPLAN v2.0 Astur

Developed by Dr. Mauricio Acuna (University of the Sunshine Coast)

[ Scenarios for Analysis

O~ o AW N

9] @ SUPPLY CHAIN: Delimbed stems delivered to chip mill Parameters & comersion factors ;I

GO TO

21 [ Optimization model
[ Model solution

23 [ Constraints
24 OBJECTIVE FUNCTION § 33422548

26 v 1. Demand (m3) at the plant I” 3. Moisture content stems/chips arriving to plant

5 ¥ 2 Even hanest production ™ 4 No Storage at roadside

SOLVE MODEL ‘ CLEAN SOLUTION ‘

GO TO RESULTS SUMMARY
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MCPLAN v2.0 Astur

1
.l Developed by Dr. Mauricio Acuna (University of the Sunshine Coast) < BACK TO INPUTS
3

4

5

il SUPPLY CHAIN | - ROUNWOOD

7 Total cost ($) 28,967,154

3

9 Harvesting Storage Chipping Growth Transport

10 $/m3 harvested 17.50 0.22 10.95 0.24 13.72

1 $/tonne harvested 14.40 018 0.20 11.28

12 $/m3 chipped 17.70 0.22 0.25 13.87

13 $itonne chipped 15.72 0.20 0.22 12.32

14 $/m3 loose 743 0.09 0.10 5.83

15

i}l CTRL+SHIFT+L to return to Main Menu

17

19 |'TOTAL COSTS
20 'Harvesting (Year 1)
21 Harvesting (Year 2)

January
129,399
834 150

February
120,774
947 898

April
139,587
1,095,548

November December
157,178 146,137
675,662 TET 797

May June July August September October
151,865 168,739 183662 196129 186,051 169,138
076204 886540 780505 732685 695037 631852

Total
1,874,787
10,017,879

125,623
935,993

Storage (Year 1)
Storage (Year 2)
Chipping

Loss of growth (Year 1)
Loss of growth (Year 2)
Transport

Total

CASE | - Whole trees chipped at the plant
Solid m3 harvested (Year 1)

Tonnes harvested (Year 1)

Solid m3 harvested (Year 2)

Tonnes harvested (Year 2)

Solid m3 chipped (Year 2)

Tonnes chipped (Year 2)
Loose m3

Truck loads (chips)
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10,362
2477
£93,480
4,363
1,785
474193
2,150,715

January
7,185
9021

46137
57927
56,000

59,348

133,333
2720

8,973
10,261
606,034
3,433
11,014
913,477

February
6,532
8,387

51,263
65,826
56,000
62 478
133,333
2,450

9,038
16,289
528,050
3,871
11,042
745,261

March
7,257
8,724

56,959
63,472
56,000
63,757

133,333

2500

3,792
7.921

41,135

3,550

17,625
33,733

April
3,064
9,694

63,288

76,080

56,000

64,286

133,333

2525

7,673
5,533
548,050
3,010
17,831

1,146,682 863,651
2621914 2525273 2597890 2,855,853 2547456

3,793
8,245
590,203
3717
17,554

6,880
5,365
541,349
3,068
16,102

May  June  July

8,960
10,546
57,534
67,722
56,000
56,500

133,333
2,216
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9955 11,061
11,718 12754
52,304 47,549
61566 54,827
56,000 56,000
60,846 55,809

133333 133,333
2336 2,189

5,368
5,190
555,075
3,147
15,298

August
11,571

13,620

43 226

50,881

56,000

57,224

133,333
2,244

5,182
5,403
579,530
2749
15,164

1,082,194 1,170,012 921827
2,629,124 2,683,904 2410943 2061513

10,519
12,920
39,297
48,266
56,000
59,745

133,333

2343

CRICOS Provider Number: 01595D

2,641
2,619
558,205
1581
6,785
538,693

September October

9,563
11,746
35,724
43,879
56,000
66,312

133,333

2,601

1,658
0
38,492
1,113
0
504,889

2,028,992

November December

8,693
10,915
37,371
46,921
56,000
63,849
132,333
2,700

2,496
0

711,008

1728
0

224,409

78,862
69,404
7,440 616
35336
130,200
9,320,020

1,353,576 28,067,154

7,903
10,143
41,523
53,319
56,000
71,101

133,333

2,788

Total
107,263
130,194
572,173
695,686
672,000
756,357

1,600,000

29,661

Rise, and shine.




YEAR 2 (current year)
January February March April May Jung July August September | Qctober November | December
January 30 48 a7 46 43 11 42 4 43 46 47 30
February 30 45 45 46 43 41 41 41 43 46 47 30
March 51 49 47 47 “ 42 40 40 43 46 47 30
April 51 49 47 47 43 42 40 40 43 45 47 51
May 51 49 48 a7 a 42 M a 42 45 48 51
YEAR 1 June 32 30 47 47 44 43 43 43 44 43 43 31
July 52 50 49 45 a4 43 39 39 43 46 45 51
August 52 50 49 43 4 43 40 40 42 46 43 51
September 53 50 49 48 a a 47 42 42 45 48 52
October 33 31 30 49 44 44 42 42 42 46 49 32
November 33 31 30 30 43 44 43 43 43 47 49 32
December 4 52 50 49 43 45 u “ 45 43 49 52
January 35 53 51 50 43 45 42 42 4 47 49 52
February 36 32 31 a9 46 41 11 43 46 49 32
March 43 46 40 40 43 46 49 33
April 46 40 40 “ 47 30 53
May 43 43 43 46 50 53
YEAR? June 45 45 a 45 50 53
July 5l 46 45 30 33
August 49 50 50 33
September 54
Octaber
November
December
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Case study - Sce | i

- Scenario 1 (base): Drying, no volumetric reductions
(logs), no dry matter losses (residues)

- Scenario 2: Drying, volumetric reductions (logs) =
0.25%/month, dry matter losses (residues) =
0.5%/month

- Scenario 3: Drying, volumetric reductions (logs) =
0.5%/month, dry matter losses (residues) = 0.5%/month

- Scenario 4: No drying, no volumetric reductions (logs),
no dry matter losses (residues)
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Case study — Asturias, Spain
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14 Supply areas

60 Kilometers

Demand for roundwood (E. globulus): 1.1 M t
Demand for residues (bundles): 420,000 t

/&, Pulp mill

¢  Centres of distribution areas

Routes
[ ] AREASDISTRIBUCION

Distance, km

B <o

[ 30.0-60.0

[ ]s60.1-900

[ 90.1- 12000

I 120.1- 1500

I 1501 - 180.0

[ 1801 - 1863

:] Areas not considered
Labels:

Number of supply area
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Supply chain | R Sieimne Coas

Cost Parameters Parameters & conversion
i\ & Harvesting ($/t) 14.4 factors

Chipping ($/1) Basic density (kg/solid m3) 565
>50% MC 9.5 Truck net payload (tonnes) 25.5
35-50% MC 9.7 Truck gross volume (m3) 65.6
<35% MC 10.0 One-way distance (km) 9-186

Transport ($/t-km) 0.15 Volumetric reduction 0-0.5

Drying (m3) f(harvesting  (%/month)

cost, Interest rate (%/month)
losses, 0.5
interest MAI (m3/ha/year) 15.0
rate)

Harvest age (years)
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Cost Parameters

z#. Bundling + 17.3
* Extraction ($/t)

Parameters & conversion factors

Basic density (kg/solid m?3) 350
Chipping (3/t) 7.5 Solid content (wood chips) 0.42
>50% MC 7.7 Ratio bulk-m3 to solid-m3 2.38
85-50% MC 8.0 Truck net payload (tonnes) 25.5

<35% MC 0.15 Truck gross volume (m?3) 65.6
Transport ($/t-km) f(harvesting One-way distance (km) 9-186

i 3
Drying (m°) cost, losses,  \iaterial loss rate (%/month)  0-0.5
interest rate)

Interest rate (%/month) 0.5

Biomass factor 0.15

Energy content residues 17.2

(GJh)
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GHG em|SS|OnS Sunshine Coast

_ QX EC X EF,

E
1000

E = emissions of CO,, CH, & N,O from diesel oil (CO,-e kg)

Q = quantity of diesel combusted for transport energy purposes (L)

EC = energy content factor of diesel oil used for transport energy
purposes (38.6 Gigajoules per kilolitre)

EF;= emission factor for each gas type (j) for diesel oil (kilograms CO,-e
per gigajoule) used for transport energy purposes

EF CO,=69.9, EFCH,=0.1 EFN,O=0.5
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Results: MC round.d Sunshine Coa

60
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Results: MC round B e

Distance to
plant
(km)
1 9.3 55.6 56.0 56.0 56.0
2 34.7 55.0 55.0 56.0 56.0
3 36.5 52.8 54.0 55.1 56.0 e
4 41.1 50.9 51.8 53.7 55.2 R -
0 15 30 60 Kilometers |:| 60.1-90.0
5 70.8 47.8 49.6 51.3 54.2 -
I 1501 - 1800
6 71.8 46.0 480 490 53.0 . R
7 90.2 44.7 46.4 48.7 53.0 ©lg e § §gg;gggé
8 100.8 43.0 47.0 480 53.0 - %o o ® Scenarios
[ ] ® O
9 113.0 42.2 43.2 45.9 52.1 ~ 2 L °o
3 ° ° % o
10 122.7 40.0 40.0 44.0 52.0 g %0 ?
(]
11 157.9 39.7 40.0 43.7 51.4 5 481 © s
8 46 e © °
12 163.9 39.0 41.0 40.0 51.0 S .
= 4
13 168.7 39.0 410 400 510 “ o 0" o
42 - ®
14 186.4 39.0 41.0 40.0 51.0 0o o
40 1 0 gee o
(I} (]
Range 177.0 16.6 16.0 16.0 5.0 38 . ; ; ; . ; : : :
0 20 40 60 80 100 120 140 160 180 200
Average 97.7 45.3 46.7 47.9 53.2

Distance to plant (km)
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Results — Drying ti

Distance to

plant

(km)

1 9.3

2 34.7

3 36.5

4 41.1

5 70.8

6 71.8

7 90.2
8 100.8

9 113.0
10 122.7
11 157.9
12 163.9
13 168.7
14 186.4
Range 177.0
Average 97.7

usc.edu.au

13.0
13.0
13.0

14.2
7.2

16.0
16.0
16.8

16.8
6.7

y of the Suns

University of the
Sunshine Coast

0.0 0.0
0.0 0.0
0.0 0.0
0.5 0.0 —— e
W o
2.6 0.0 —
I 001 - 1863
1.0 0.0 s
58
b e w1 8 S el
1.0 0.0 sl 0 e Scenarios
°
3.2 0.0 3 52 -
1.0 0.0 § oo o)
4.5 0.0 ? 4 . "e
3 o)
o 46 ) ®
= 44 - [ ] Y
4.0 0.0 o °®
42 ®
oo
5.0 0.0 40 4 o 00 o
°
38 T T T T T T T T T
5.0 0.0 0 2 4 6 8 10 12 14 16 18
1.8 0.0 Drying time (months)

hine Coast, QUEENSLAND, AUSTRALIA | CRICOS Provider Number: 01595D

Rise, and shine.




Results — Tonnes deli

roundwood
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Tonne to m3 ratio

University of the
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Total delivered per year

Scenario 1:
712,752 t
Scenario 2:
730,096 t (+2.4%)
Scenario 3:
756,433 t (+6.1%)
Scenario 4:
818,965 t (+14.9%)

Rise, and shine.
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Truckloads per year

40000
I \Vinter
1 Summer .
1 Autumn/Spring Scena rio 1:
30000 - 27,951
E T IV [ 233% Scenario 2:
x 1970 ’ 0
- 28,631 (+2.4%)
s e 32.0% Scenario 3:
: 30.2% 30.1% 9%
2 29,664 (+6.1%)
e Scenario 4:
32,116 (+14.9%)
0 .

Scenario1 Scenario 2 Scenario 3 Scenario 4

Rise, and shine.
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Results — GHG emis nsport) g somime o

6000 7.15 Total GHG emissions

B Total GHG emissions
—— GHG emissions per tonne

Scenario 1:
4.94 M t
Scenario 2:
5.11 M t (+3.4%)
Scenario 3:
530 M t (+7.4%)
Scenario 4:
5.83 M t (+18.1%)

- 7.10
5500 -

- 7.05

5000 -

- 7.00

4500 -
- 6.95

Total GHG emissions (kg CO,-e x 103)
GHG emissions per tonne (kg CO,-e)

Scenario1 Scenario2 Scenario 3 Scenario 4
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Unit cost ($/m°)

University of the
Sunshine Coast

60 1 | EEEE Harvesting Supply chain costs ($/m?3)
B Transport
1 Chipping .

o | | == Ping Scenario 1:

1.1 0.8 0.5

Scenario 1 Scenario2 Scenario3 Scenario 4
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41.7
Scenario 2:
42.3 (+1.4%)
Scenario 3:
42.8 (+2.8%)
Scenario 4:
44.4 (+6.5%)

Rise, and shine.




Results — Supply chai University of the

roun d W00 d Sunshine Coast
Distance to
plant
(km)
1 9.3 32.4 32.5 32.5 32.5
2 34.7 36.5 36.5 37.4 37.4
3 36.5 36.1 36.6 36.9 37.7
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[ <01 - 1200
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60 - @ Scenario 3 [ ]
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“ | Y
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An optimised planning approach is required to improve
the efficiency of wood and biomass supply chains

Drying curves constitute a key parameter in the
optimization model implemented in MCPLAN

Log drying can result in 15% less truckloads and 18%
less fuel consumption and GHG emissions

Big savings in supply chain costs can be expected by
drying logs before delivery (up to $2.7/m?3)

The magnitude of the cost reductions will depend on the
raw material losses assumed in the model (further
iInvestigation!)

USC.@d u.au © University of the Sunshine Coast, QUEENSLAND, AUSTRALIA | CRICOS Provider Number: 01595D R] Se, and Sh]]’] e



Mauricio Acuna — AFORA/USC (Australia)
Sandra Sanchez-Garcia — CETEMAS (Asturias, Spain)

Elena Canga — CETEMAS (Asturias, Spain)

ﬁ Ausbralian Forest Operations Research Alliance |

/&« AFORA L & el CETEMAS

Industry - Research - Innovation

USC.edU.aU © University of the Sunshine Coast, QUEENSLAND, AUSTRALIA | CRICOS Provider Number: 01595D R]SQ’ a]’]d Sh]ne,



