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Basic Design Principles

Use human brain & machine brawn
Take advantage of economies of scale
Fully utilize payload weight capacities
(in contrast to volume capacities)
Densify on-highway loads, to a point
Handle small pieces in bulk

or in big packages

Basic Design Principles

Minimize rehandling

Fully utilize humans, and machine power
and components

Move continuously rather than starting and
stopping

Use human for decisions/actions that can’t
be automated & computer for others

Tradeoffs always exist

Density of Woody Biomass
(assuming 50% MC wet basis except for pellets)
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Equipment, Past & Present

Comminution

Densification

Extraction (primary transport)
Felling

Loading

Processing

Transport

Comminution

+ Chipper-forwarder

« Chipper, based at the landing
» Chipper, woods-mobile

+ Chunker

» Grinder/hog

+ Logging residue processor

+ Residue shear

« Roll splitter

« Stump splitter

Densification

» Baler/bundler
+ Chip densifier




Extraction (primary transport)

Agricultural tractor

ATVs and smaller vehicles

Brush transport system

Cable yarder with carriage and chokers
Cable yarder with grapple

Cable yarder, zig-zag

Chip forwarder

Conveyer

Extraction (continued)

Crawler tractor

Forwarder

Helicopter

Prebunching winch
Residue collector-forwarder
Skidder, clambuhk grapple
Skidder, cable

Skidder, grapple

Felling

* Chainsaw

« Combi harvester-forwarder (harwarder)
Feller-buncher, drive-to-tree
+ Feller-buncher, swing-to-tree

+ Feller-bundler

+ Feller-chipper
+ Felier-chipper-forwarder

» Feller-forwarder
« Feller-skidder
« Harvester

» Tree puller




Loading

« Chip dump/van loader
* Loader, front-end
+ Loader, swing/excavator-based

Processing

Chainsaw

Logging residue processor
Residue shear

Stump splitter

Topwood processor
Topwood processor-skidder

Transport (secondary)

Chip van

Log truck

Multi-use trailer

Rail

Residue trailer
Roll-on/roll-off container
Self-loading log truck
Setout trailer




Possible Harvest Process Steps
T )PM\ g Harvest Network

Productivity & Cost

Productivity

— Based on results of empirical studies where
available

— Simulated where necessary
— Covered a range of tree sizes: 4-10” dbh

— Slopes as relevant for specific equipment:
10, 30, 60%

Hourly cost
— Used standard machine-rate approach

Base Case Woods to Landing Systems

1. Ground-Based Whole Tree
— Swing-boom F-B, Grapple Skidder, Chipper*
2. Ground-Based Cut-to-Length (CTL)
— Harvester, Forwarder, Chipper*
3. Cable Yarding Whole Tree
— Chainsaw Fell, Skyline Yarder, Chipper*
4. Removing Surface Fuel
— Slash Bundler, Forwarder, Chipper

* or Delimber-Debarker-Chipper for clean chips




Base Case Woods to Landing Systems

QHaul

achip

D Skid/Forw/Yard
D Bundle

B Harvest

Stump-to-Plant $/GT

aFell

WT Skid Bundle Cable Yard
Slash

System

* Removals: 45 GT/ac (190-7” trees/ac)
+ 500 skid, 30% slope (60% for cable), 50-mi haui

1. Ground-Based Whole Tree

» Swing-to-Tree Feller-Buncher

DBH (in)

1. Ground-Based Whole Tree
+ Grapple Skidder

WT Skid Bunched

— — UGTH%
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1. Ground-Based Whole Tree
» Chipper

WT Chipped

TN
— —wr

DBH (In)

1. Ground-Based Whole Tree
» Stump to Truck

Base System: Mechanical Whole Tree

—8—10% Slope

—&—30% Stope

DBH (in}

Changes to Ground-Based Whole Tree
» Felling & Bunching

Whole Tree Fell and Bunch at 10% Slope

DBH [In}




Changes to Ground-Based Whole Tree
+ Skidding: Large Grapple
Skidder capacity

—— Large cap. Skidger
Bunched (10%
Slope)

—8—5kid Bunched

DBH (in)

Changes to Ground-Based Whole Tree
» Woods-Mobile Chippers

Woods-Mobile Chippers

~—&—FB +Skid + Chip

—o—Feller-Chipper-
Forwarder

~&—FB +Chipper-
Forwarder

DBH {in)

Transport Options
+ Roll-on/off Containers

Chip Transport Options

——Chip van

~———RORQ Single
——RORQ Dual

Haul Distance {miles)




Transport Options

Dry trees before chipping and hauling

—MC can be reduced to ~ 40% (wet basis)

before van volume becomes more limiting
than weight

- On a 50-mile haul, drying from 50% to 40%
might save $2/GT

Increase Legal GVW

— If increase from 80,000 tb to 97,000 tb by

adding a sixth axle, might reduce costs by 9%
(Eason & Greene 2006)

Transport Options

+ Use a Stinger-Steered Chip Van
— On roads where can't use standard vans
— Preferable to smaller trucks

2. Ground-Based CTL

Harvester

CTL Boles Harvest

GTPUN 10%
———GTPMH 0%
e SGT 0%
Y

DBH (in)

10



2. Ground-Based CTL

« Forwarder

CTL Boles Forward

- GT 10%

GT/PMH 10%
GT/PMH 30%

- $/GT 30%

7

DBH (in}

2. Ground-Based CTL

» Stump to Truck

CTL (harvest+forward+chip)

il 10% Slope

—&—30% Slope

DBH (in)

Changes to CTL

» Multi-Stem Head
Multi-stem Head

~&-Standard

—A—Multi-Stem

DBH {in)
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Changes to CTL

» Forwarding

Forwarding options

—o—RORO Chassis (10%

DBH {in)

Slope)

=@ Continuous {10%
Slope)

—d&— Fixed-bunk (10% Slope)

3. Cable Yarding Whole Trees

» Chainsaw Fell

Manual Fel

="~ GT P 60%)
- -~ -GTAHHION]
= -~ GTAUH 10%)
30T 30
——3oT 1
— ot [T

OBH (in)

3. Cable Yarding Whole Trees

« Skyline Yarder

WT Yard Unbunched

GTAMA 30%

GTRMH 60%
— — $0T30%

- - - -3GTEO

7
OBH (in}
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3.

Cable Yarding Whole Trees

» Stump to Truck

Productivitics (rvh)

Cable yarding chainsaw felled
whole trees on 60% slope

DBH (in)

Changes to Cable Yarding

Cable systems

= Fa5wing+CabIWT Bunch $/GT (60% Siope)

“—~£B Swing + Cable/Grapple WT
BunchedS/GT (60% Slope)

—a—MF + Yard Unbunched

M- Feller_Buncher_Yarder

Comparison of productivities for cable harvesting
system concepts

Coaventional ~ Gondola cable Deawewell Double-tmck  Doublecamiage
grvity system system system system sysiem

Cabk harvesting systeims

13



4. Removing Surface Fuel
+ Slash Bundler

Bundle CTL Residues

GIANH 30%
eeme GTIPMH 10%
© o UGTIO%
— -yeTI%

4. Removing Surface Fuel

+ Forwarder Handling Bundles

Forward Bundied CTL Residues

[ GT/PMH 10%

GT/PMH 30%
- - - 8GT 0%
— - SGT 30%

4. Removing Surface Fuel
+ Within-Stand to Truck

Bundle + Forward + Chip
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Changes to Surface Fuel Collection

* Harbundler

Bundle

= Harbundle

Changes to Surface Fuel Collection

» Swathing Cutter-Comminutor-Forwarder

- T T oIS
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Changes to Surface Fuel Collection

minutor-Forwarder

Changes to Surface Fuel Collection

er-Comminutor-Forwarder
=y ™ e, e -]Rl ) -
s i

Changes to Surface Fuel Collection

+ NCSU/FECON machine
— Now producing 5-7 GT/pmh
- At $18/GT, anticipate breaking even at 10
GT/pmh :
+ Texas Ag Exp. Stn. mesquite harvester
— Conventional brush cutter
— Plus a towed comminutor-collector
— Hoping for 5-10 acres/day (@15 GT/ac?)
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Benefits Summary: Whole Tree
»

Feller-Skidder

Fell-Chlp-Forw

Large-Grapple Skidder [

Continuous Trav F-B [GRRGSR

Drive-to-Tree F-B [

Benefit, $/GT

Benefits Summary:
Comminution & Transport

Small Englne |5
Wide Singles
Haul Whole Trees
Increase GVW ] [
Predry
Chip @ Plant [3

Chunker

Benefit, $/GT

Benefits Summary: CTL

Hybrid Forwarder

Harwarder

Continuous Trav |
Forw e
Rollon/off &
Forwarder [REEEREEEORCs

Multi-stem Head |[BiiRESe WS

Benefit, ¥GT




Swather-Chipper- [ gou.

Benefits Summary: Cable

Yarder-Chipper

Yarder

FellerBuncher + =
Grapple Carriage [

Steep-Terrain F-B

Benefit, $IGT

Benefits Summary:
Slash & Surface Fuels

Selective Cut-Chip-
Forwarder

Forwarder

Harbundler

Benefit, $/GT
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