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Introduction

* Forest biomass is a key renewable energy source.

* High supply chain costs, hence need to apply efficient supply
chains.

Objectives:

1. identify productive and cost effective harvesting machines
and supply chains.

2. provide summary information about the productivity and
cost.

3. offer tentative guidelines on efficient biomass harvesting
practice and technologies.

4. identify future research and development needs.
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* Supply chains classifications: based on source,

supply chain and harvest method.

* Questionnaire to IEA Task43 partners and supply
chain researchers = access a large number of

available studies.

* Only selected most appropriate and up to date

machines/systems based on local expertise.
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Canada

Supply chain Machine & Model Cost

LIS e id 2T Track-mounted 20-30 16-11 i (s _
W Gr SS9 Morbark 50/48 BDt/PMH, S/BDt A W e
chipping) Mountain Goat Road side chipping (Desrochers, 2016)
integrated with ' " B 3 ity
grapple 17-30 S ] -
- S/BDt

MacDonald (2006) Semi-trailer Truck

Total: 33-
41 S/BDt
AL R4 R T Grinder and loader 25 BDt/PMH, 18 S/BDt
cut (roadside pile 7
grinding) s R e
Semi-trailer Truck - 21 S/BDt Full-tree chipping operations

(MacDonald, 2006)
Total: 40-

MacDonald (2006) 43 S/BDt

Rise, and shine.
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USA

Supply chain

Residue from clear cut

in field

(MC =25 %)

Bisson et. al. (2014)

Machine & Model

with Volvo A35C
dump truck

Peterson 5710C
Grinder

Truck -Single trailer

25 km 1-way

Whole tree chipping

(large trees)

(MC =50 %)

ohnson et al. (2012)

Large skidder

Medium chipper

Chip van120 yd3 with

medium chipper

usc.edu.au
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Productivity

Loading and hauling 32 Gt/PMH,

46 Gt/PMH,

Large feller-buncher 56 Gt/PMH,

13 Gt/PMH,
76 Gt/PMH,

6 Gt/PMH,

Cost

14 S/BDt

20 $/BDt
15 S/BDt
Total: 49
S/BDt

3 S/BDt
11 S/BDt
5 S/BDt
29 S/BDt

Total: 48
S/BDt

i

\\

Dump truck and grinding (Bisson et al. 2014)



Austria

Supply chain

Energy-wood
harvesting as by-
product in steep
terrain

Affenzeller and
Stampfer (2007)

Energy-wood
harvesting in flat
terrain

Elmer et al. (2011)

Machine & Model |Productivity [Cost
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Denmark

Supply chain

Whole tree chipping BIICICHCE TRl
at roadside Feller-buncher
(thinning)
Fendt Favorit 614
LSA/TP-960
Chipper

Suadicani (2005);
Kofman and Kent
(2009)

Whole tree chipping EeLEILE:Y
at roadside
(thinning) Silvatec and

TP270 Tractor
Kofman and Kent chipper

(2009)
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Machine & Model |Productivity [Cost

14-50
m3/PMH,

25-30
m3/PMH,

6-8 m3/PMH,

14-27
m3/PMH,

2-8S/m3

11-13 $/m3

Total: 13-
21S/m3

4-5
12-25

Total: 16-
30 S/m3

Whole tree chipping (Kofman and Kent, 2009)

Rise, and shine.



Finland

Supply chain Machine & Model Productivity Cost
Multi-tree cutting of Naarva EF 28 9-20 m3/PMH, 24 S/m3
thinning wood Harvester & head

equipped with multi-
CIEERCREEETE PRSI S tree handling devices
Laitila et al. (2015)

Energy wood from Timberjack 810B 12 m3/PMH, 7 S/m3
thinning Forwarder (after mech
felling)
7 m3/PMH,
(after manual
Laitila et al. (2007), Laitila et felling)
al. (2013)

Stump utilisation JCBJS 160 L Crawler 9 m3/PMH, 10 S/m3
excavator with an
extraction-splitting

Laitila et al. (2008), device 7S/m3

Laitila (2013), Laitila et al. Valmet 860 13 m3/PMH,

(2013) (to excavate) Total: 17
Forwarder (to S/m3
extract)

USC.edU -au USC, QUEENSLAND, AUSTRALIA I CRICOS PROVIDER NUMBER: 01595D
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Germany

Supply chain Machine & Model [Productivity

Sl AL B Harwarder 3 m3/PMH,

thinning (spruce)
JenzHEM 420 DL 22 m3/PMH, 3S$/m3
Chipper

KWF (2012) Total: 33

$/m3
Energy wood from Harvester 5m3/PMH, 27 S/m?3
thinning (spruce)

HSM 208 F 8 m3/PMH, 11S/m3
Forwarder

KWF (2012) JenzHEM 420 DL 22 m3/PMH, 35/m?3
Chipper
Total: 41
$/m3

Chipping operation (KWF, 2016)

Rise, and shine.
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Ireland

Supply chain Machine & Model [Productivity Cost
Energy wood from Silvatec C 856 3-5m3/PMH, Total: 43-63
thinning Harvester S/m3
3-10 m3/PMH,
Kent et al. [57] Valmet 840
Forwarder 11-17
m3/PMH,
MusMax T8 drum
chipper Chipper
Integrated energy Harvester Total: 38-59
wood from thinning S/m3
Forwarder 4-7 m3/PMH,
Kent et al. [57]
MusMax T8 drum  7-60 m3/PMH,
Chipper
Whole tree thinning Feller-buncher 3-8 m3/PMH,  Total: 19.00-
33.60 $/m3 Thinning operations in Ireland
Kent et al. [57] Silvatec Terrain

Chipper 878

Rise, and shine.




Residues from clear cut Truck-mounted

ST R E T I I Chipper
Spinelli et al. (2007) Truck/ trailer

Residues from poplar Loader
plantations

Self-propelled
Chipper

Loader
Truck/ trailer

Spinelli and Magagnotti
(2011)

Energy wood from Feller-buncher

thinning (pine)
Skidder

Self-propelled
Chipper

Spinelli et al. (2014) Truck/
trailer

15 Gt/PMH,

4 Gt/PMH,
25 Gt/PMH,

20 Gt/PMH,

30 Gt/PMH,

6 Gt/PMH,
32 Gt/PMH,
24 Gt/PMH,

20 Gt/PMH,

6 Gt/PMH,

15 $/Gt

17 S/Gt Truck mounted in mountainous forests

Total: 32 S/Gt
35/Gt

23 S/Gt

2S/Gt

11 S/Gt
Total: 36
3S/Gt

3S/Gt

11 $/Gt

11 S/Gt
Total: 28 S/Gt

Harvesting energy wood



Supply chain Machine & Model

Whole tree chipping

Valmet 911

((ILENIER R EEL I Harvester

oak coppices)

Garcia (2015)
Laina et al. (2013)

Energy wood second
thinning

Tolosana et al. (2014)

Residues from clear
cut (Eucalypt

plantations)

Garcia (2015)

Valmet 910
Forwarder

Willibald ESU 4800
Chipper

John Deere 1270 D
Forwarder (after
mechanized
harvesting)

Hammel VB 950
Grinding

Timberjack 1410D
Forwarder (to
extract bundles)

Erjo 7/65 Chipping

6 BDt/PMH,

7 BDt/PMH,

32
BDt/PMH,
4 BDt/PMH,

16
BDt/PMH,

12
BDt/PMH,

13
BDt/PMH,

13 -30 S/BDt

9 S/BDt
4-12 S/BDt
Total: 26-40
S/BDt

7 S/BDt

4 S/BDt
Total: 11
S/BDt

5 S/BDt

9 S/BDt

Total: 14 /BDt

Whole tree harvesting using
harvester and forwarder
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Supply chain Machine & Model ! U S C

GESLIEE e e e 4T S John Deere 1110D 8 BDt/PMH,
(pine and spruce) Forwarder with

(MC =40 %) modified bin load

Eliasson et al. (2011)

CESLIES TG e =1 e Trucked based 12-14 18-21 S/BDt
(pine and spruce) container handling  BDt/PMH, (for

chipper truck chipping)
Picchirand Eliasson (2015) R{e(et P EIH e Lo o [

FES GG e EET e Truck based chipper 12 BDt/PMH, 20 $/BDt
(spruce) (Bruks-Kloeckner

Eliasson (2011) 805 CT)at roadside

Whole tree harvest Cat550/Naarva 3-5 BDt/PMH, 23-34 S/BDt
Profi50/Logmax

WELSe ez RElsllsle i \/almet911/Bracke

(2009) C16 Harvester

Whole tree harvest TJ 1110D Forwarder 9-11 BDt/PMH, 7-9 S$/BDt

Iwarsson Wide and
Belbo (2009)

Stump utilisation 20-25 t Excavator 4 BDt/PMH, 18 S/BDt
von Hofsten (2011) . 090900

Stump utilisation



Australia

Supply chain Machine & Mode |Productivity |Cost

GESLITEE e e e 8 Bruks 805.2 STC 44 Gt/PMH, 17 $/Gt (38

cut (pine) mobile chipper (19
mounted on an BDt/PMH,)
(MC = 55.8 %) Ecolog 594C ».
forwarder , |
Ghaffariyan et al. (2011) 2+ Forwrding ndusvaog_
[ e LRl eSS Cat 541 Harvester 88 Gt/PMH, LN
operations (pine) with a Rosin

RD977 processing
head
71 Gt/PMH,
Ghaffariyan et al. (2015) RVEIRi= Total: 4 S/Gt
890.3Forwarder
T SRl e S Tigercat 845C 50 Gt/PMH, 2 S/Gt
(Eucalypt) Feller-buncher

-~ Forwarding (Fibre-plus)

Tigercat 730C 45 Gt/PMH, 2S$/Gt
Grapple skidder

Husky Precision 51 Gt/PMH, 55S/Gt ole treAhippmg o e



New Zealand

Supply chain Machine & Model

SELAE s GBS 20 T tracked 15-30 Total:

at landing Diamond Z tub- Gt/PMH, 22-26 S/Gt
grinder (48-58
(MC =55 %) Excavator S/BDt)
Grinder
Visser (2010) Hitachi LX200
Loader -
Chip Truck
Recovering residue Self-loading Log Total:
logs from landings truck 12 Gt/PMH, 18 5/Gt (24
(MC = 25 %) $/BDt) ’
Visser (2010)
Collection and 11 T Excavator 14 m3/PMH 5S/m3 Tub grinder and chip truck operating
transportation of and grapple head
logging residues
Self-loading bin - 20S/m3

Hall(1995;2000,72008) 7 e¥le & ¢ 101 <11)]

Total: Rise, and shine.
24 S/m3




Harvesting residues at John Deere 648L
landing Grapple Skidder

— - o omatsu - m - t
(MC=50-52 %) K PC200 120-190 3/PMHO 15-25 S/G
Excavator

CBI 58000T
Carrasco (2013) Grinder - -

Chip van truck

Transport (chip-van truck)

Extrat?t_lon of re5|dl.Jes Feeding of residues (excavator) Grinding (CBI)
and piling at roadside

(excavator)

Rise, and shine.
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Example Summary Findings

e Source of biomass: Europe (thinning and harvest residues),
Southern Hemisphere/Southern USA (clear cut harvest
residues and stem woods)

 Different policies: Europe (subsidise for biomass) vs.
Australia (lack of public support)

* Integrated biomass operations: Applied in some countries to
reduce the operating costs.

* Terrain and biomass availability impacts type of harvesting
technologies and costs: Cable yarding in central Europe and
NW USA

usc.edu.au , 5 Rise, and shine.



Summary Findings

* Chipping at road side cheaper than terrain chipping:
Sweden, Canada, Australia and Germany

* Chipping cost is sensitive to transport logistics: Cold-deck
vs. Hot deck, Chipping into trucks vs. built-in or heaps

 Slash-bundlers are expensive & difficulty to use!
Experiences in Europe, North America and Australia

* Different costing methods among countries: Need to
standardise cost calculations (Ackerman et al. 2014).

usc.edu.au , 5 Rise, and shine.



Future R/D

* Study social and environmental aspects of biomass
harvesting.

* Develop a practical guide on how to manage/
recover/retain harvest residues.

e Testing harvester’s processing head data and log scanners
to predict and control harvest residues.

» Testing impact of cable-assisted felling machines on
breakage and harvesting residues.

* Sensitivity of biomass availability to log utilization
specifications.

Rise, and shine.
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Future R/D

* Proper storage strategies to manage moisture content.

* Reducing chipper/grinder/truck’s waiting time thorough
optimised supply chain

* High transportation cost... Convert biomass into higher
energy density products.

Rise, and shine.
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More to read from reports!

FoUSC

Energy Reviews 74 (2017) 145-158

State of the art in
sustainable biomass
recovery
technology/supply chain
in forest operations
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ARTICLE INFO ABSTRACT

Keyawands: This studdy provides a state-ofthe art averview of forest biomass harvesting technolog ies and supply chains used.
Biomass harvesting in North America, Furope and the Southem Hemisphers. The productivity and cost of seleded effident
Sapply chan tedmologies i presentsd for cach country with 2 brief deseription zhout the sounce of fie biomss and
Felling harvesting method. Expert opinions on the most sucesssful biomess operz fions have been presented brisily for
:j’;;"w:“ exch country. The main conchisions from various intentional studiss are provided in addition to fumre

mequirsments for research and development. This report can be 2 useful high level guide of echnology and

Producny
Cont supply chuin selestion 1 industry and academics.
1. Introdudion substitution and {2) carbon dioxdde storage in vegetation and soil

{Ericson and Nilsson [20]). In conventional harvesting, about 60% of

IEA Bioenergy

IEA Bioenergy: Task 43 TR2016:02

The genemtion of energy from biomass has a key role in current
international strategies to mitigate climate change and to enhance
energy security. The European Union (EU) has committed to produce
20% of their energy from renewable sources, induding hicenergy, by

H020 and 27% by 2030 (COM/2014/015 [13]). Australis's target for

30 & 20%, while the USA have recently announced the same targat
for 2030. With efficient supply chains, forest biomass is a key renew-
able energy source to belp countries meet their long-term renewsble
energy largels. Biomass for energy can reduce carbon dioxide concen-
trations in the amosphere in two ways, through: (1) fossil fuel

Brown), macumuseeduan (M Asma), johnsestoms aregons el

the tree biomass is used ot make traditional forest produets primariy
from the stem. Tops and branches represent about 20% of the tree
biomass, and can be a significant source for bicenergy. The emaining
biomass, another 20% & made up of the stump and roots, a small
portion {4&’.] of which can ako be harvested { Kajalainen et al. [49]).

dicated energy crops, small diameter trees and failed plantations are
complimentary sources of woody biomass for energy (Chaffariyan
[257). Even with the significant awailable volume and opportunity 1o
contrbule 1o renewable energy, a large proportion of the available
wood biomass is still not wsed due to supply chain costs. Reducing

_vis Sergpean e rharyac oz (K. Vieser),
e (K- Laina),

aksa e it (K Spim,
1. Laitils), ruben lainag

Received inrevied form 20 Decemiber 201 &; Asceped 2 Febrary 2017

25 May 201
13640321 & 2017 Elsevier Lud. All rights reserved.
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Thank you!

Dr Mohammad R. Ghaffariyan
Email: mghaffar@usc.edu.au
Tel: 07-5456 5447
Web: www.usc.edu.au

*<USC ¢ AFORA

Forest Industries Indusry - Research - Innovabion
Research Centre
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