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INTRODUCTION
|

Need of developing and implementing methodologies/tools to assess the
economic and environmental sustainability of the use of forest biomass
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tools for
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Transport logistics




INTRODUCTION

Application to the study-case of Asturias, Spain

ASTURIAS




OBJECTIVES

Methodology/tool for biomass harvesting systems analysis, which can
be adapted to different scales of application.

‘ ‘ BUNDLING - Most common harvesting system for the biomass left on
the ground after harvesting Eucalyptus wood for pulp production in
Asturias (Northern Spain).

Full logistical analysis of the supply chain

1) SPATIAL ANALYSIS TOOLS: quantification, description and georeferencing
of existing biomass resources (Supply) for a whole region (using GIS
methods). Regional/Municipality/Local scales.

2) HARVESTING ANALISYS AND TECHNOLOGY EVALUATION: productivity
and costs studies of the machines involved in the harvesting system,
comparison of machines - implements.

3) TRANSPORT LOGISTICS: minimizing both economic and environmental
transport costs.



Objective 1 Methodology

“WISDOM” GIS methodology (Drigo et al., 2002:

FAO/UNAM)
Woodfuel Integrated Supply/Demand Overview Mapping.

Spatial analysis
tools for

biomass = Flexible database to use in different scenarios and scales

availability depending on the objectives.

= Possibility of applying a variety of restrictions and limitations
that may exist in an area.

= Support of practical and strategic applications oriented to
specific ends

= Multiscale approach (region, municipality, site specific scale).
= Pixel size 0.25 ha (50 x 50 m).
= Results in oven dry tonnes (t). Module: SUPPLY
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Objective 1

Methodology

Productivity of woodfuel
NFI3
(t halyear?)
DEM Slope map
Physical
Topographic Road map acceSibiIity
. * Railway map
P * Urban map
* Natural Park. ¢ SCls Legal
* National Park. < SPAs. accesibility

SIGPAC

* Productivity of agricultural
woodfuel (t halyear?)

Level 1
L.

Study of classification and quantification of residues from
wood processing industry. CETEMAS.

WISDOM-ASTURIAS

.

Accessible direct
by-products
(odt year-1)

+

Total Supply



Objective 1 Methodology

CASE STUDY

Woodfuel availability evaluation within an area (40 km radius) for supplying
one or two wood-fired plants, taking into account the needed woodfuel
supply stability.

Incorporation of potential biomass data from final fellings of chestnut, pines
(radiata, pinaster) and eucalypt.

2 scenarios: One wood-fired plant or two (Villaviciosa/Villaviciosa and Salas).

Competence between supply radii of both plants.
Competence with 2 possible supply radii (75 and 100 km) from ENCE pulp mill (Navia).

- 100 km -
Scenario 2 75 km Scenario 1

NAVIA ENCE
Pulp mill




Objective 1 Results

WISDOM-ASTURIAS
Productivity of biomass(t/year):

—

- Above ground: 2,646,565
- Level 1 (crown): 895,847
- Level 2: (“): 580,005
- Level 3: (“): 546,965

- Direct biomass from branches, tops -
and (for Eucalypt) bark (Forest surface)

.""._‘n“"
3 S ar 5 ¥, L
X% ab Y . O L o o 4N % i
i RO o S G Y £ -
5~[£(_ (lv; j{;;v\wz, : K & 5 L
2 Ve T G N g P ] e H
(Fhty -l o S g e §e: :
i ‘.;\ -’d,',‘ - 2 e . e
Fags™ . : 3
e 0 ¥ T 9 e
o, : A e s
‘;.‘é'. ma R L
1, Q0% .
A . v
' LS “
ki
v n
g e X
3 i ol S
ol Lrhedt?
=
[ I I I | I | I |
0 12,5 25 50 km

Productivity of woodfuel in forestarea (t year™)

I 1:201-1500




Objective 1

Results

WISDOM-ASTURIAS

* Productivity of biomass(dry t/year):

- Direct by-products of woodfuel
Non-forest area (odt/year):

- Total direct supply (odt/year): _

(Forest + non forest surface)

- Indirect supply(odt/year):

m—

- Fruit trees and vineyard: 36,519
—= - Shrubs: 165,020
- Total: 201,539

——

e

- Level 1 (Crown+non forest): 1,097,386
- Level 2 ( “): 684,533
- Level 3 (“): 640,130

o

- Primary wood processing: 30,762
— - Secondary wood processing : 11,734
- Total: 42,497




Objective 1 Results and discussion

CASE STUDY

Scenario 2 Scenario 1

Scl > 50,000 — 38,000 odtly
Sc2 > 40,000 — 35,000 odtly

Balance Balance
Species (Scenario 1) (Scenario 2)
t year t year
Chestnut 5,052.92 4,320.70
Pine 8,795.64 5,749.43
Eucalypt (R=75 km) 34,208.64 27,719.46
Eucalypt (R=100 km) 20,106.77 20,072.74

Others 4,788.87 5,702.37




Objective 2 Methodology

= Comparative studies between machines

= Analyze the influence of some factors on
technology productivity and costs.

evaluation

Harvesting
analysis —

v’ Evaluate recent technological improvements to forest bundlers (productivity): a new
cutting device with shears and a mechanism which allows the bundling pressure to be
changed by the driver. Determining productivity and cost of the best options.

v’ Evaluate the productivity and costs of forwarding bundles of residues in Eucalyptus
plantations.



Objective 2 Methodology

TIME STUDIES

= The collection of residues was made by two bundlers, the first one:

Monra Enfo2000 mounted on Forwarder Dingo AD 2452 (141 KW)

o Shears cutting device
o Standard bundling pressure of 250 kg/cm?
o Lower bundling pressure of 220 kg/cm?




Objective 2 Methodology

TIME STUDIES

The collection of residues was made by two bundlers, the second one:

John Deere 1490D (134 KW)

o Chain saw cutting system
o Standard bundling pressure of 245 kg/cm?




Objective 2

Methodology
FORWARDING TIME STUDIES

Forwarding of eucalyptus bundles was carried out in 2 zones, and distributed
in a total of 4 different stands with two different forwarders:

Zone 1: Dingo AD-8468
Zone 2: Dingo AD-2452




Bundling Monra Enfo 2000 John Deere 1490D
Stand 1 2 3 4
Slope (%) 44 23 42 15
Forwarder model Dingo AD-8468 Dingo AD-2452
Load size, tonnes 8.5 13.5
Power rating (Diesel), 89 141
kW
Operative range of 7.5 9.1
crane, m
Box size (mm) Length 3,600 4,100

Width 2,10 2,50



Objective 2 Methodology

TIME STUDIES

« XL D I UMT Plus application. Trimble Nomad handheld computer.

69 h, 46 min 60 h, 22 min

Continuous Time sampling

Technol
ecinoiogy (hh:mm:ss) (hh:mm:ss)

6:16:08 + 4:30:37 +

Monra (220 kg/cm?) 2:14:15 + 4:31:14 17:44:26

3:47:13 + 2:24:58 +
Monra (250 kg/cm?) 6:15:01 + 7:02:59 + 25:11:37
11:53:54 +11:18:31

2:07:49 + 4:33:39 +
John Deere (245 kg/cm?) 7:50:05 17:26:08

* Indenpendent variables (n, S, slope)

* A GPS Trimble Explorer XH was installed in the machines to record its
movements (Distances)




Objective 2 Methodology

TIME STUDIES
- UMT Plus application. Trimble Nomad handheld computer.
Zone 1 2
Stand= Time study 1 2 3 4

Continuous: 14 h, 24 min (26 cycles).

* Independent variables (bundles per cycle, surface, slope, position of
residues)

 GPS Trimble Explorer XH. Each displacemente:

Distance (empty, loading, loaded)
Velocity (empty, loaded)

Slope (loading)

Load hauled per cycle

O O O O



Objective 2 Methodology

TIME STUDIES

Table Of Contents B
EEECHE

=< Layers
= M@ ciclos_cargado
Arc = R
ESRI -
= ™ ciclos_vacio

GPS

ID GPSDate | GPSTime | Easting | Northing MSL
1| 5/5/2010 7:30:39) 733754.562| 481488146 192.83
2| 5/5/2010 7:30:40) 733754.073| 4814880.11 196,381
3| 5/5/2010]  7:30:42) 733756.156 4814879.77 191592
4 5/5/2000 7:30:59) 733753.971) 481488106 193.836
5| sisfo0|  7avoofgadsagss| 4siassii) 193781
6| 5/5/00]  73u01] 73370920g14881.88)  192.316
7| 5/5/2010 7:31:02 ?33?53.8&*@1%\8@2 192,249
8| 5/5/2010 7:31:03) 733753.832| 48138815 192,343 TIME STUDIES
CfgName ChainSize | KeyllD KeylDesc YY |[MM[DD[HH[ MM (BS|XX| Dur |CycleNo Notel
autocargador pacas 1|/-> ** START OF THE STUDY 2010 5/ 9 46|| 6| 22
autocargador pacas 1|/-= ** START OF THE STUDY 2010 5| 14 43||55 90
autocargador pacas a2 |carga 2010 s| o a7lhs| 11| 3548 1
autocargador pacas a2 |carga 2010 5| o]  a7lbal 24 1513 1
autocargador pacas a2 |carga 2010 s| o  a7lb1]a3] 1719 1
autocargador pacas 1|A2 Carga 2010 5 8 4‘3|| 2| 25| 2084 1
autocargador pacas 1|A2 Carga 2010 3l 9 4‘3||1? 10| 1485 1
autocargador pacas a2 |carga 2010 5| o] aslbs|12] 1102 1
autocargador pacas a2 Jcarga 2010 5| o]  aollia| 60| 1448 1
autocargador pacas a2 |carga 2010 5| o  sollu|ao0] 2574 1
autocargador pacas a2 |carga 2010 5| o  salls] 33| 1782 1
autocargador pacas a2 |carga 2010 BIEEE EE 1
autocargador pacas 1|A2 Carga 2010 5 9 safl1| 71] sas 1
autocargador pacas 1(A2 Carga 2010 5 9 52|R7| 89| 1618 1|Maniobra complicada con giros y tramos con
marcha atras, sb todo al principio gue tiene que
salir por el fondo del monte
autocargador pacas 1|A2 Carga 2010 5| 10 25|60 22| 2078 2
autocargador pacas 1|A2 Carga 2010 5| 10 26|J 6| 44| 1622 2
autocargador pacas 1|A2 Carga 2010 5| 10 26|28 0| 2156 2
autocargador pacas 1|A2 Carga 2010 5[ 10 273 7| 1591 2
autocargador pacas 1|A2 Carga 2010 5[ 10 280 7| 72| 1931 2
autocargador pacas 1|A2 Carga 2010 5| 10 28|21 8| 1336 2




Objective 2 Methodology

TIME STUDIES

= Sample of bundles




Objective 2 Methodology

TIME STUDIES

= Sample disc taken from every bundles for density and moisture content.

=

= Residues left on the ground were
sampled to estimate t/ha.




Objective 2

v Study of bundles:

Results

TIME STUDIES

- Similar volume but significant differences in the dry weights.

Bundling _ Moisture ,
Dry weight (kg) Diameter (cm) Length (m)
Technology content (%)
Monra 250 229a 49 78 2.44
Monra 220 169b 33 78 2.44
John Deere 245 248c 47 75 2.60

v" Amount of residues after bundling:

- 9-16t/ha 2 Environmentally suitable, according to the
Scandinavian guides (Aijila et al., 2005; SKOGSSTYRELSEN, 2008) .




Objective 2 Results

TIME STUDIES
*  Productivity:
Element (work time) John Deere Monra Monra o
JD_CS245 M_S250 M_S220 / 17% faster
Bundles/prod. hour I 24.5 26.3 I @ 11% less productive

ODT/PMH | 6.1 (63

3.2 % more productive

ODT/SMH 6.1 6.0 5.2

e Eliasson, 2011 (29.3 bundles/PMH)
e Andersson and Nordén, 2000 (7.1 t/PMH)



Objective 2

Results

TIME STUDIES
* Productivity and costs:
Variables Dingo AD-8468 (Zone 1) Dingo AD-2452 (Zone 2)
Productive time (PMH) 32.58 30.83
Non-productive time 7.18 1.15
gt/PMH 9.52 22.51
ODT/PMH 6.75 11.56
Bundles/PMH 39.94 61.78
Bundles/cycle 21 32
€/PMH 47.11 52.86
€/SMH 39.99 44.98
€/0DT | 6.77 3.94 |
€/gt 4.79 2.02

*PMH: productive time
*SMH: total time

e Eriksson, 2008 (25 bundles/PMH*) ¢ Spinelli et al. (2004) (38.6 €/SMH y 57.4 €/SMH)
e Laitila, 2009 (24 bundles/PMH)



Objective 2 Results
TIME STUDIES
+* Fitted Equations
Work element Equation RMSE R?
times
MOV":T?iﬁmpty’ Cmoving empty = 4633 = 0,5274 Ve, + 0,00677 - D e, 0,77 097 (Eq. 1)
Loading , min r.!aadang 11,15 — 0,06635. Slaadang +0,02381 - Diaadlng 1,51 0,83 (Eq 2)
mi?]VIng loaded, rmaumg [oaded — = 10,53 — 1,844. Fioaded +0,01066 - Dioaded 1,15 0,91 (Eq 3)
Unloading, min run.[oadmg = 1,569 +0,5726 - Lc;uc.!e 0,58 0,92 (Eq 4)

Note: RMSE, Root Mean Square Error; R?, Coefficient of Determination; t, time (minutes); V,,.,. 1,440 VElOCity when
the machine is empty or loaded (km/h); Dot /i00ding/1oade distance travelled when the machine is empty, loading, or

loaded (metres); Sy,qing: SlOPE (percentage);

L. load hauled per cycle (green tonnes).

cycle

Eﬂ'Lc}rcIe

Productivity ( ng) = -

moving empt}r+fma-riing+tmwing Iﬂﬂd&d"‘funmadmg



Objective 3 Methodolo

Optimization and minimization of supply chain
costs = GIS analysis and life cycle analysis(CO,e)

Transport logistics GIS database.
Time studies
Transport logistics. Economic cost minimization

Life Cycle Analysis (LCA). Environmental cost
minimization (GHGs).

v Methodology to evaluate the forest supply chain from eucalypt stands, using different
stands: yields/productivity, and cost studies and the calculation of optimal routes.

Minimization of the environmental impact of the biomass supply
chain, systems with low net greenhouse gas (GHG) emissions




Objective 3 Methodology

SUPPLY OF WOODFUEL
- Direct by-products of woodfuel (t/year-NFI3 plot). Forest area.

Classes of Eucalytus globulus

—

Councils
-
EDSW: Eucalyptus Direct Supply of Woodfuel — - 15
Level 3 B
(physical and legal accesibility) = [ 17

Logging residues (t/year) on each plot and for level of restriction 3.



Objective 3 Methodology

SUPPLY CHAIN: GIS ANALYSIS

= Case 1: Supply routes to Navia ENCE Pulp mil 2

ENCE Navia pulp mil required a supply radius of 101 km Forest inventory
plots

(t/year)

4\""«

* ’
)

.;*19.!;.:- ,,zsu‘pt“

* Closest Facility g £ Roadside
Network Analyst £ A LT e )

ArcGis 1021 ﬁi’i Supgligirs =
'L‘# = t/year

L

Demand point
Origin point

@

Available for a new plant Current industrial demand

EDSW: Eucalyptus Direct Supply of Woodfuel




Objective 3
J — Methodology

SUPPLY CHAIN: GIS ANALYSIS

EDSW

avail

* Service Area
Network Analyst

ArcGis 10.2.1
Optimal location of a Polygons
¢ | theoretical Demand point Intersection centre

close to Villaviciosa
initially proposed
location (Obj 1)

EDSW,,.; 5| Roadside - > | theoretical Demand
A A point

Cbundling + cforwarding + Ctrucking = Total costs (€/Odt)



SUPPLY CHAIN: GIS ANALYSIS

= CASE2

Avg Min Max Std.dev
Forwarding 525.21 15.99 1.360.06 339.07
distance (m)
Trucking distance 32.01 5 39 45 61 2154
(km) . : : :
Bundling cost

15.00 15.00 15.00 15.00
(€/odt)
Forwarding cost

4.98 3.56 7.32 0.94
(€/odt) I I
Road transport

8.90 5.54 25.16 3.57
cost (€/odt)
Total cost (€/odt) 28.88 24.11 47.48 4.52

As average: Bundling cost (50%) > transport (30%) > forwarding (17%)



Objective 3 Results

SUPPLY CHAIN: COST SENSITIVITY ANALYSIS
= Relation of total costs (€/t) of supply chain and trucking distance considering

three different MCs. °
45
40
s
— 35
=]
v
o
(%)
©
B
|—
30
—— MC=30% and forwarding distance=500 m
= MC=40% and forwarding distance=500 m
25 = MC=50% and forwarding distance=500 m B
= = MC=30% and forwarding distance=2,000 m
= = MC=40% and forwarding distance=2,000 m
= = MC=50% and forwarding distance=2,000 m
20 \

0 50 100 150 200

Trucking distance (km)



Objective 3 Methodology

SUPPLY CHAIN: GHG emissions

Sima

- Simapro 7.3.3 software.

System boundary

Functional unit: MWhe II"'EH'G"" (kg CO2e)
| .
I emissions
RITTTTTTTTTITIrs . ( FOREST OPERATIONS: \/77 L /
: Gasolineand = .
: : --> - Manual felling I
diesel : _ _
5. consumption - Mechgnlzed processing |
7 - Bundllndg } 0
3 - Forwarding =
Q. ©
= \. L S
L : GHG
I emissions
PPTPEPPTPITPE . r- l,»’?' \ o o o e o e
:  Diesel 4 TRUCKING -
; consumption |
— i . p———————— N
1’ : GHG
emnmmammamamnns . I emissions
Diesel e ,1/77 Ve ————
| consumption | P CHIPPING '
. )




Objective 3 Results

SUPPLY CHAIN: GHGs emissions

= Sensitivity analysis showing relation of trucking distance to CO,e in the process of
producing a functional unit of woodfuel chip.

18

16

14 _ -
L
E 12 — W Chipping
~ :
E 10 — Trucking
8 8 — MForwarding
g 6 — 1 Bundling

4 — W Felling and processing

5 ] [ ] [ ] -

0 I ] ] I

30 40 50 60

Trucking distance (km)



CONCLUSIONS

e Unified GIS database for biomass supply and demand estimation in
Asturias (Northern Spain) following WISDOM methodology = useful
and flexible management and planning tool.

e For collection and bundling of eucalypts residues, the most common
logging system in Asturias, the cutting system with shears working at
standard bundling pressure was the most effective technology.

e Productivity equations to estimate productivity and cost of bundles
forwarding make possible planning and operational logistics prior to
harvesting. The more capable and powerful machine was more
efficient and less costly .

e The use of GIS methods as tools combining productivity and costs
including the LCA, allows to select routes minimizing costs and
impacts. Bundles road transport is the most relevant supply phase
regarding cost and emissions; Bundles moisture plays also an
important role.



Thank you for your attention
— Any gquestions?



