Supporto Harvesting of
mect  Encroacher Bush

Compendium of harvesting technologie
for encroacher bush in Namibia

S R
Y« wwwritlee.co.za

\

ol xdﬂﬁ@ [}?‘;
’: it . \

Implemented by

4
Deutsche Gesellschaft
german fir Internationale
. Zusammenarbeit (6I1Z) GmbH
cooperation b Srbelti(5Iz)
DEUTSCHE ZUSAMMENARBEIT




XXXXXXXXXXXXEEKEEEEXXAXXXXXXXXXXXXXXXXX

Harvesting of Encroacher Bush

Compenium of harvesting technologider encroacher bush in Namibia
XXXXXXXXXXXXEKEKEEEKEEXXXXXXXXXXXXXXXX XXX

Commissioned by

Support to Debushing Project

Ministry of Agriculture, Water and Forestry/Deutsche Gesellschaft fur
Internationale Zusammenarbeit (G1Z) GmbH

Windhoek, Namibia

in association with
WML CONSULTING ENGINEERS (PTY) LTD, Wikaiimalgik,

Design & &yout
Martin Markstein, www.dermarkstein.de

© NRGen Advisors / WML Consulting Enginegcept:
Back cover page: ImageolSupport to Debushing Project

John Meinert Printing

Published

September 2015

Disclamer

This document is in the public domain. The publisher encourages the circulation of this report. Users are welcome to
download, save or distribute this publication electronically or in any other format including in foreign language translation
without written permission, provided acknowledgement of the source is maleuse of this publication may be made for
resale or for any other commercial purpose.

The analysis, results and recommendations in this document represent the opinion of the author(s) camahot
necessarily reflect those of the Deutsche Gdsehaft fir Internationale Zusammenarbeit (G1Z) GmbH.

Unless otherwise stated, the views and opinions expressed in this Compendium, is the views of the author, Matthys J. de
Wet. The view expressed are therefore not necessarily the views of GIZ cetmnissionedhis assignment. Matthys de

Wet, an agrindustrial engineer from NRGen Advisors (Pty) Ltd, is an independent consultant working in association with
WML Consulting Engineers (Pl in Windhoek, also an independent consultancy. NRGen and WML has no commercial
or other linkages to any of the suppliers or producers or contactors mentioned in this Compendium.

XXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX XEZKKEK KKK X X

HARVESTING OF ENCROACHER @



Tableof Conterts

LIST OF ABBREVIATEON [

CHAPTER 1:INTRODUCTION TO THE COMPENDIUM
1.1 BACKGROUND TO THE ASSIGNMENT
1.2 METHODOLOGY USED
1.3 RANKING ORDER OF ENCROACHER BUSH SPECIES
1.4 HOW TO USE THIS GUIDE

NN PR

CHAPTER 2: ABBREVIATHBARKET OVERVIEW OF WOODY BIOMASAMIBIA
2.1 THE CURRENT LARGER USERS OF WOODY BIOMASS
2.2 MOST LIKELY FUTURE USES OF BIOMASS
2.3 EXPECTHWTURE MARKET REQUIREMENTS
2.4 MARKET VALUES
2.5 THETHERMAPROPERHS OBIOMASEOMPARED TCGDAL

AP OWWwwWwwW

CHAPTER OVERVIEW OF HARVESTING TECHNOLOGIES 6
3.1 GROUP ONE: MANUAL & SEMCHANISED 6
3.2 GROUP TWO: CONVENTIONAL MEDIUM TO LARGE SCALE MBEXEPHARWBEINS 6
3.3 GROUP THREE: CHEMICAL 6
3.4 GROUFFOUR: BIOLOGICAL CONTROL
3.5 GROUP FIVE: HIGHLY MECHANISED
3.6 GROUP SIX: OTHER METHODOLOGIES
3.7 EARL¥INDINGS

NN~

CHAPTER 4:EQUIPMENT SETS (OR TRAINS) TO MATCH MAIN
MARKET REQUIREMENTS
4.1 INTRODUCTION
4.2 DESCRIBING A BIOMASS HARVESTING TRAIN FOR
BEST PRACTICE WOOD CHIP PRODUCTION 8
4.2.1 What is a biomass harvesting train? 8
8
1

0o o

4.2.2 Tree/bush felling
4.2.3 Stacking in windrows to dry

4.2.4 Feeding the chipping/grindeoperation 13
4.2.5 The chipping/grinding operation 14
4.3.6 Shuttling 16
4.2.7 Transferring 16
4.2.8 Transporting 17
4.3 WET CHIPPING VS. DRY CHIPPISRIGRING 18
4.4 TOP FIVE BEST PRACTICE WOOD CHIP HARRABNENTGOIDATE 18
4.5 SPECIAL NOTESEHECTING HARVESTING MACHINES 18
451 Tyres 18
4.5.2 Abrasiveness issues 18
4.5.3 Machine fires 19
4.5.4 Air cleaners and radiators 19
4.5.5 Clean air 19
4.5.6 Geophysical@nditions and its impact on manoeuvrability 20

HARVESTING OF ENCROACHER B ‘}



CHAPTER 5:COMPARISON ANALYSISTOP RANKED MECHANICAL METHOD33

5.1 BEST PRACTICE BIOMASS HARVESTING TRAINS TWRRCHDPE/EIBRE 23
5.2 SIXCASE STUDIEEROM SMALL SEMECHANICAL TO HIGHLY MECHATRAINS 23
5.2.1 OPTION ONBmall sale mostly manual 23

5.2.2 OPTION TWQight duty semi mechanised 23

5.2.3 OPTION THRB#ediumduty fullymechanised 24

5.2.4 OPTION FOURpbmmerciakcale fully mechanised 28

5.2.5 OPTION FB/ Large commercial scale 28

5.3 COST ANALY&ISUMMARY 33
CHAPTER 6:ENVIRONMENTAL ISSUES SUMMARISED 35
6.1 AGROWING RESISTANCE AGAINST CHEMICAL METHODS 35
6.2 DEFORESTATION OF PROTECTED SPECIES 35
6.3 BEST PRACTICE THERRBESSES AND FUTURE CHARCOAL MAKING 35
6.4 SOIL DISTURBANCE 36
6.5 DEVELOPING A TRUSTWORTHY BRAND FOR NAMIBIAN BIOMASS PRODUC3&
6.6 AFTERCARE AND REGROWTH MANAGEMENT 37
6.7 PROTECTING THE BIOMASS RECOURCE 37
6.8 LOOKING AT HARVESTING RESOURCE IN A SUSTAINABLE WAY 38
CHAPTER 7 FINDINGS AND CONCLUSIONS 39
7.1 FINDINGS 39
7.2 GONCLUSIONS 39

CHAPTER 8:RECOMMENDATIONS TO THE PROSPECTIVE BIOMASS PRODUYGER

ANNEXURES 41
ANNEXURE: LISTOF BIOMASAGENCIES APPLICABLE 42

HARVESTING OF ENCROACHER B ‘}



List of Figures

Figure 1: Savannah near Dordabis (July 2015) (Courtesy GYs JOUDEIL).........cuvvvveeeeereeeereeeennn. 1

Figure 2Wood dips and fibre........ ... 5

Figure 3Manual bush pick used here for sickle bush clearing (courtesy Roads Authority of Namibia)

Figure 4Trolley saws in actioghorizontal saw tree feller (top) & Logger (bottomy).................... 9

CAIdzZNBE pY ¢KS a02a0dzié¢ FSEttAy3a YI OKAY.S..4800K KRN
Figure 6: Gehl skidsteer with Turbo saw Figure 7: Repaired blades with new cutter............. 10

Figure 8: Bosvark felling saw and articulated tractQr..............ooocveiieeeeiiiiiiiiiee e 10

Figure 9: Small hydraulic buncher cutter used at the cheetah conservation fund, Otjiwarongdidl
Figure 10Hydraulic grab and cter fitted to an excavatorCutting a bunch of Acacia mallifera..11

Figure 11: Stacking (WOOACQ).......ccuuuiiiiieeeeiiteee ettt e e e e e e e e e e e e e anes 12
Figure 12: Acacia Malliferatdid the ground.............coooiiiiiiiiiiiii e 12
Figure 13: Stacked Windrows (WOOACQ)......ccceiiiiiiiriiiieeeieiiiie e s e 12
Figure 14: @b (left) & shears (right) attached to Bell logger...........cooooviiiiiieiiiiiniiiiieeeeeee 13
T [0 (I AT = 1= | I (0T [ =Y PR 13
Figure 16: Chipper blades Figure 17: Grinder CUtteLS.............coeeeeiiiiiccicinvevee e 14
Figurel18: Grinder cutters assembled Figure 19: Grinder drum getting serviced.................. 14
Figure 20: Closap Of griNder tEeth..........oooviiiiii e 15
Figure 21: Small PTO driven chipper (left) Intake hopper and feeder rollers of chipper.(right)5
Figure 22: Large grinder infeed channel............ccccccciiii e 15
Figure 23: Drum screen with open gate and discharge conveyor.(left)........cccccccoel. 16
Figure 24: ShULLIE trailerS..........coo oo e e e e e e e e e e e e e e e e e e e e e s e 16
Figure 25: A commercial rechipping and transferring operation in action....................c......... 17
Figure 26: 2 x 110 hviomass transport trucks at Ohorongo Cement..........c.cooveeveeeeeeeeeeeeennn. 17
Figure 27: Note pieces of wood after machine compartment was cleaned.aut...................... 19
Figure 28: Machine cleaning iN @CHOM..........couiiiiiiiiiiee e 20
Figure 29: kceptional dust during grindiNg..........coooiiieiiieiiniiee e 20
Figure 30: Soil disturbance with graderaleshing...........ccccoooii 36
Figure 31: Thewsh roller in ACtION.............uiiiiii e 37
Figure 32: Restored savannah middle of WINTer...........c.uviiiiiiiiiiiiiice e 38

List of Tables
TABLE 1: RANMG ORDEBF THE SIX MAIN ENCROACHER BUSH SPECIES IN NAMIBIA (2004)

TABLE 2: BIOMASS USERS IN NAMIBIA (CURRENT AND.FUTURE).......cccccoiiiiiiiieeees 3

TABLE 3: ENERGY COST COMPARISON BETWEEN DRY NAMIBIAN ENCROACHER.BUSH AND COAL
TABLE 4: TEN TREE FELLING AND CHIPPING METHQDOLQGIES........ccoviriieiiiiiiiiieeeen. 21

TABLE 5: TOP FIVE TYPICAL WOODCHIP PRODUCTION TRAINS/OPTIONS.FOR.NAMZIA

TABLE 6.1: BREAKEVEN OPTION.QNE........cooiiiiiiiiiii e 25

TABLE @: BREAKEVEN OPTION TWQ.. ..ottt a e e 26

TABLE 6.3: BREAKEVEN OPTION THREE. ..o 27

TABLE 6.4: BREAKEVEN OPTION.FOUR ......outtiiiiiiiiiiiiiee e 29

TABLE 6.5: BREAKEVEN OPTION.FIVE. ...t 32

TABLE 7: TYPICAL BIOMASS (DRY CHIPS) TOTAL COSTS PER.ACTIVITY.........ccccveeenn. 33

TABLE 8: SUMMARY OF FIVE BIOMASS CHIPMAKINERIOS APPLICABLE TO NAMIBIA.34

HARVESTING OF ENCROACHER =\@



List of Abbreviatiors

The following abbreviationglefinitions and explanations are applicable to tlomass Harvesting
Compendium:

(0]
(0]

O O O O

O O0OO0OO0OO0OO0OO0OO0OOo

O 0O O0OO0OO0OO0Oo

CAPEXCapital expenditure

Chippers:General term used for dis¢vertical rotary disc with blades); drum(drum with
blade cutters spinning horizontally and equipped with drum scheehippers. Used to cut
soft wet wood into flakes or chips. Some drumipgers can be strengthened to chip dry

hard woods like some of & Namibian encroacher bush species! f a2 4SS GDNAY

defined below]

CQ: Carbon dioxide gas (emission)

i Diameter

FSCForestry Stewardship Council, an international {gvernmental organisation.
GCV.Gross CalorificAfue, normally measured in kcal/kg or in the Sl systefarred to as
Higher Heatingvalue [HHVmeasured in kJ/kg. Both GCV or HHV seferthe amount of
thermal energy available in a dry combustible matefiatalorie= 4.187 Joulesl Joule is
equal to the amounbf energy required to raise the temperature of 13afpure water from
14.5°C to 15.5°C]

GlZ: Deutsche Gesellschaft fur Internationale ZusammenaiGeitman Development
Cooperation

GJ/nT: Giga dules per cubic meteithe term generally used to refer to Volumetric Energy
Density of a combustible material [The bulk density of hard wood chips gmexdmately
4.5 GJ/mversus pwver station (lignite) coal of 21 GJ7n

Grinders:Term generdly usedfor larger chippinggquipment The preferred grinder type for
b YAOAFIYQa 06N} AADBS RNEB o0dzaK ¢g2dAZ R 0S5 |
adjustable anvil (or walikg floor anvil) and drumscreen.

ha: hectare;100 m x 100 m = 1000 nf

hp: horsepower [1 hp = 0.746 kW] referring fmwerin the Imperial System
ISO:International Standards Organisation

kWh: The unit of energy consumption; one kW energysumed for one hour.

LSUlarge stock unit or large animal unit

m®: cubic meter

MAWEF:Ministry of Agriculture, Water and Forestry

MC:Moisture content, generally expressed as a percentagter content of a material
N¥GJ: Cost of Thermal Energy available in a combustibégerial measured in NAD per
Giga Joule. [The cost of thermal energy awddlan dry Acacia mellifera is approximately N$
50.00/GJ versus power station (lignite) coal @ N$ 58.00/GJ, delivered to Windhoek.
NamPower:The national electrical power utility of Namibia

OPEXOperational expenditure

PV:Present value

RH:Relative humidy

SME:Small, medium enterprise

t = Tonne Metric ton or1 000 kgf (vs Ton, referred to as a short ton or 2000 Ibf)

Tub Grinder:Vertical infeed grinders with aylindricaltub equipped with cutters rotating
around its vertical axis. gheraly used to gind larger root systems and can take a
reasonable mount of rocks, stones and sand.
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CHAPTER IINTRODUCTIOND THEEOMPENDIUM

1.1 BACKGROUNIDTHEASSIGNMENT

CITYILAVHD

Bush encroachment is severely hampering the red meat industry of Namibia and it is adsivaigg
affecting biodiversity and the recharging tempos of certain aquifers. More than 26 million hectares
of Namibian rangelands and savahr@as been degraded by encroacher bush.

There is a considerable market demand for biomass in the world andigbeof waste wood or
unwanted woody biomass has become a sought after commodity, mainly because of its low to
positive impact on the environment wharsed as a heat source. The removal of encroaching bush
from the Namibian rangelands would not only be regal as an attempt to restore the savarna

and itsbiodiversity, it would also be advantages to the subsurface water resources of affected areas.
It is therefore important that methods to economically harvest biomass from encroaching bush need
to be highlghted and documented. The purpose of this assignment is thus to comPibengendium

or abbreviated reference document for farmers, companies and groups looking to invest in their de
bushing capacities.

AN3dINOD IHL OL NOILONAOHINT

¢CKS /2yadZ GFyGdaQ LINR YL NBal dténon th BarvestiieS WeshedddBE (2 L
encroacher bus at tempos which couléconomicallyproduceclean and chipped biomass yielding

from a few tonnes per day up to @Gand more tonnes per day from a singlearvesting traig of

equipment.

Figurel: Savannah near Dordabis (July 20&)urtesy Gys Joubert)

1.2 METHODOLOM®YSED

The Compendium was compiled by the Consultant after working through large volumes of work
previously done by experts in the fieddl Namibian enaacher bush

{SOSNIt ¢2NJAy3 ardSa oSNB OAaA (tBePoestiaztivipehdirs dzLJ ¢
of harvestng actions required to harvedtamibian encroacher buskEmphasis watherefore plaed
on the following activities:

i.  Fellingof trees and bush

ii.  Stacking and gathering (for sun drying of tfedled bush)

HARVESTING OF ENCROACHER @ 1



Feeding the chipper or grindeperation inthe field

iv.  Chipping or grindingvhile blowing or loading the chips intoshuttle trailer 0
v.  Shuttling and infield transporting of the chips tothe transferring point on the i%

farm/harvesting terrain 3

vi.  Transferring the chips onto the public road transporting vehicle %
vii.  Transportingo the point of use H

The Compendium is concluded by supplying a lidgtiofmass harvesting and chippirguipment
supplies in Namibia, South Africa and abroé8eeAnnexure A

1.3 RANKIN®RDERFENCROACHBRISHSPECIES

Table 1 below gives a good indication of the dominant invader and encroacher bush species to be
found in Namibia, in ranking order of deyssurveys om national basis.

TABLE.: RANKING ORDER (ON A NATIONAL DENSITY BASIS) OF THE SIX MAIN ENCROACHER BUSI

SPECIES IN NAMIEROM) i

aN3IdAGD FHL OL NOILONAOYINI

Rarking Scientific Name Popular English Name Afrikaans Name Extend
[%]
1. Acacia melfera Blackthorn Acacia Swarthaak/Hakkiesbos 45%
2. Colophospermum mopane Mopane Baster Mopane 20%
3. Dichrostachys cinerea Sicklebush Sekelbos/Papierwiel 14%
4. Acacia reficiens Redthorn Rooihak 9%
5. Terminalia sericea Silver Clusteteaf Vaalbos/Geelhout 8%
6. Terminalia prunioides Purplepot Terminalia Deurmekaarbos 4%

Source: de Klerk, J.N; Bush Encroachment in Na2idg)

1.4 HOWTOUSETHISGUIDE

It is suggested by most of the authors and researchers that each bush species and lsdaypana
shoud be studied first before it is just clearedichrostachys cineregsicklebush) especially should
not be slashed for example, because it would stimulate further growth and thickening.

It would therefore be best for each dsushing contraair/operator to seek expert advice prior to
implementing a debushing programme.

A debushing programme will corstiof the following components:
0 Survey the area and determine the best (most appropriate and economical) method of de
bushing with a clear understandingtbe impact on the environment
o Determine the best posharvest value adding application for the harvested biomass as a
method to cover oreduce the cost of déushing.
o 58G4SNX¥AYS (G4KS o06Sad FFOGSNDFINB YSGK2R (2
restore the savanna

LINB & S

This Compendium will endeavour to supply the reader with praatieghods to doencroacher bush
harvesting and how to convert bush into biomass chipsurrently the fastest growingibmass
product in Namibia. It isowever imporant to note thatspecial care should be taken sitklebush

encroached areas not toreate a larger problem, since sicldash is stimlated by mechanical
harvestingechniques

HARVESTING OF ENCROACHER :\@ 2



CHAPTER ABBEEVIATEIMARKET OVERVIEYF WOODY BIOMASS

NAMIBIA

2.1

The current and future woody biomass users of Namibian encrobakbrcan be listed as in Table 2

THECURRENOARGERSERSFWOODBIOMASS

TABLE: BIOMASS USERS IN NAMIBIA (CURRENT AND FUTURE)

VIGINVN NI SSYINOIE AGOOM 40 MIIANGIAO LIHNIVIN GILVIAIHLEY ¢ I LdVHD

Item Application Curent Future (2025)| Preferred format of biomass
estimated size| estimated size| in-feed
of the industry | of the industry
[t.p.a.] [t.p.a]
1. | Firewood for heating & cookin Logs (dry and fumigated fqg
>1000000 >1200000 | exports)
2. | Charcoal industry (Lumyp 50000 + 100 000| Dry logs
charcoal as final produjt to 60 000
3. | Charcoal industry (Briquettes) Charcoal fines and Biochar
+ 10000 + 19 000 | (small pieces of char)
4. | Cement industry >70 000 >120 000 | Chipped/grinded
5. | Wood fired boilers for agti
industrial, thermal & power
generating purposes >7000 >300 000 | Chipped/grinded
6. | Torrified wood Coal unknown unknown | Chipped/grinded
7. | Poles and building material >4 000 >5 000| poles/logs
8. | As animal feed supplement >3 000 >6 000| Growth points chipped
9. | Biochar, compost & related >1 000 >10 000| Chipped & fines
10. | Activated carbon from biomas Biochar and small pieces
Nil >30 000 | char
2.2 MOSTLIKELFUTURBESE®FBIOMASS
From Table & can be seen that:
(a) Most of the biomass applications prefér2 2 R&é o0A2YlF aad Ay GOKALILISRE

fact, it is envisaged that a large portion of the charcoal industry would also eventually move
to a manufacturing styleof charcoalof which the thermal ensgy produced by this
exothermicprocess will be haressed foother downstream uses.

(b) The future biomas$o-energy (wood fired boilers generating high pressure steam for agri
industrial and power generating use) shows the largest anticipated growth, followed by the
energy intensive cement industry.

2.3 BEXECTEBUTURMARKEREQUIREMENTS

The following qualities of biomass will become more and more important to future woody biomass
suppliers:
o Only encroacher bush species of wood would be allowed onto the market. The biomass
industry would become more andare selfregulating by enforcing minimum standards to
be adhered to by future participating members. Organisations likeFibrestry Stewardship
Council [FSGRill be called upon to assist in this effaxd ensure the protection of the

HARVESTING OF ENCROACHER B ‘J 3



protected tree spe@s of Namibia parallel to increaseand-house efforts by the biomass
industry for harvesrs to adhere to a set @nvironmental guidelines.

o Adherence to the abovenvironmental guidelines would eventualhgcome compulsory for
the participants to stay paof this industry and to be able to export.

o Biomass chips will also have to adhere to the following physical properties:

(i) A sizing or screening envelope (Chips will need to pass through a certain screen size
without too much oversize or undersize).

(i) Purity: Noor little sand or other foreign materials.

(i) A Gross Calorific Value @¥]measured in Mega Joules per kilogram [MJ/kg] or Giga
Joules per tonne [@) or kilocalories per kilogram [kcal/kg]. (The higher the
calorific value, the higher the monitory u& of the biomass).

(iv) A moisture content(Biomass will need to be dry12% moisture, in order not to
consume additional thermal energy to dry the biomass in the boiler or kiln).

2.4 MARKEVALUES

The charcoal industry is currently paying N$0D/tonne and more for lumpy charcoal adhering to

the FSC requirements. Approximately 13% or N$ 100/t is allowed in the above price for transport of
approximately 100 km to the charal packhouse from theupplied farms. This would translate to
roughly N$ 280/t fo wood logs at a 20% charcoal yield

A farmgate price oapproximatelyN$ 700/t for dry woodchips are currently achievabie Namibiag
a norm set by the cement industry.

2.5THETHERMAPROPERTIBEEBIOMASEHIPEOMPAREDOCOAL

The international rarket value of biomass chipsl@mselycoupledto the price ofenergy available
from low gradeor lignite coal and the same would apply in Namibia.

VIGINVN NI SSYINOIE AGOOM 40 MIIANGIAO LIHNIVIN GILVIAIHLEY ¢ I LdVHD

Table 3 below gives a good indication of the competitive edge which biomass from Namibian
encroacher bushouldholdwhen compared to low grade or lignite coal:

TABLE3: ENERGY COST COMPARISON BETWEEN DRY NAMIBIAN ENCROACHER BUSH AND COA
(DELIVERED WINDHOEK)

Fuel Properties Wood Coal (Lignite) Coal (Anthracite)
Typicd Gross Calorific Value [GJ/t] 16 26 30
(low average)
Average bulk price (Wood in chippdédrmat 800 1500 1800
& Coal for boiler use) [M (high average)
Energy cost [N$J] ==5000 | —=57.69 = = 60.00
Ash Corgnt 2-7T% 20-25% 16-18 %
Carbon status Neutral(no PenalisingPunitive | PenalisinfPunitive
Carbon Tax
applicable)

Over and above the fact that the Namibian encroacher bush biomass can theoretically produce
thermal energy more economically thaoed, it should also be pointed out that it has a much lower
ash content tharfossil coal. Wood ash, with itsseable content of potassium @26) should be seen

as anenvironmentfriendly soil improver.

HARVESTING OF ENCROACHER :\@ 4



When wood ash is sequestrated or returned to agriatat soils and grasslands the carbon status of

622R FTANBR 02AfSNAB Ol y 0 S aksoagiNstes StRtus fof anyidgli Nb 2 y

industry operating in the international markefNo carbon tax is levied against wobced
applications in countriewhere this tax is applicable.

See Fig. Por a photo display of various shapes and sizes of different types of wood chips and wood
fibre.

Figure2: Wood chips and fibre
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