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1.
BUSH INFORMATION

1.1
Summary of Desktop Review

The desktop review focused on the density of bush, both mass per hectare and number of stems per hectare, and on the location of heavily bushed areas. The work of two Namibian researchers, Bessie Bester and Nico de Klerk, features prominently amongst available bush encroachment data. Bush Encroachment in Namibia1 by Nico de Klerk is generally regarded as the most in depth study of the bush encroachment problem in Namibia. The report and field study were done as part of the Bush Encroachment Research, Monitoring and Management Project in Namibia. Nearly 2000 test plots located throughout north central Namibia were included in the field study. For each test plot, the number of bushes per hectare for various heights and species of bush were recorded. Results of the field tests were then compared to a number of environmental factors, such as soil type, rainfall, and agro-ecological zone. The results of the field counts for each plot were recorded on Excel spreadsheets. CSA obtained these spreadsheets, and they can be provided to VTT researchers (upon request) should they be needed.
While Bush Encroachment in Namibia provides a lot of data regarding the bush found on the test plots, the report presents a map and table prepared by Bessie Bester which indicates the overall boundary of the bush encroachment problem. In addition to indicating the total area of bush encroachment, the Bester map indicates sub-areas where different bush species dominate; and the table by Bester provides estimates of the number of bushes per hectare in each sub-area.

Published information could not be found regarding the available mass of bush per hectare. Neither Bush Encroachment in Namibia by de Klerk, nor Forests and Woodlands of Namibia by J. Mendelsohn and S. el Obeid, nor the Regional Inventory Reports for Woody Resources prepared by the Namibia Finland Forestry Programme provide data on the available mass density of invader bush. CSA therefore decided that it would be better to present rough estimates of average bush mass per hectare based on the years of experience of Ian Galloway in the Namibian charcoal industry. In addition to being a director of CSA, Ian is the owner and president of Jumbo Charcoal, the largest charcoal exporter in Namibia. Ian is in regular contact with charcoal manufacturers located throughout the bush encroachment zone, and is generally familiar with the amount of bush that can be harvested to produce charcoal according to stringent, international standards of the Forestry Stewardship Council (FSC). The Bester map was used as a base map and reference point for the rough estimates of bush mass per hectare.

Finally, it was decided that it would be useful to identify areas where harvesting or transporting bush would be extra difficult due to terrain conditions. Again, the experience of Ian Galloway was relied upon to roughly identify one problematic area.

1.2 Bush Density: Number of Bushes per Hectare

The following figure was taken from Bush Encroachment in Namibia. De Klerk notes that there is a general pattern of increasing density as one moves from the southwest to the northeast within the area of the field tests. However, the results of the field tests also indicate that bush density can vary considerably within a relatively short distance.
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High Density (2000-3000 bushes/ha)

Medium Density (1000-2000 bushes/ha)

Figure 1 –Measured Number of Bushes/Hectare3
1.3
Bush Density: Mass of Harvestable Bushes per Hectare

The following figure and table were produced by Bessie Bester. However, the rough estimates of mass density were provided by Ian Galloway (from data provided by charcoal producers operating in the various areas). The rough estimates in no way imply that all farmland within a given sub-area would have the same mass density. As Figure 1 above indicates, the density of bush can vary considerably within a relatively small distance. Also note that the rough estimates indicate the mass of bush that could be harvested according to FSC guidelines.



















	Area (1)
	Dominant Bush Species (1)
	Common Name
	Estimated Total Number of Bushes per Hectare (1)
	Estimated 

tons / ha of Sustainable Bush Harvest (2)
	Estimated Area of Commercial Land (ha) (1)
	Estimated Area of Communal Land (ha) (1)
	Total Land Area (ha)

	1
	Colophospermum mopane
	Mopane
	2,500
	< 5
	1,451,000
	2,986,000
	4,437,000

	2
	Acacia reficiens
	False umbrella thorn
	3,000
	5
	1,676,000
	691,000
	2,367,000

	3
	Acacia mellifera
	Black thorn 

(swart haak)
	2,000
	< 5
	3,360,000
	195,000
	3,555,000

	4
	Colophospermum mopane
	Mopane
	4,000
	15 - 20
	482,000
	1,090,000
	1,572,000

	5
	Acacia mellifera
	Black thorn 

(swart haak)
	8,000
	20 - 25
	2,067,000
	13,000
	2,080,000

	6
	Acacia mellifera
	Black thorn 

(swart haak)
	4,000
	5
	2,692,000
	210,000
	2,902,000

	7
	Dichrostachys cinerea
	Sickle bush
	10,000
	25 - 30
	2,513,000
	1,220,000
	3,733,000

	8
	Acacia mellifera
	Black thorn 

(swart haak)
	5,000
	5 – 15
	950,000
	2,453,000
	3,403,000

	9
	Terminalia sericea
	Silver terminalia
	8,000
	10 - 15
	586,000
	1,624,000
	2,210,000

	10
	Rhigozum trichotomun
	Three thorn
	2,000
	< 5
	400,000 (2)
	1,600,000 (2)
	2,000,000

	Total
	16,177,000
	12,082,000
	28,259,000


(1) Bessie Bester, 1999 (Information obtained from Bush Encroachment in Namibia, JN de Klerk, 2004)

(2) Rough estimate by Ian Galloway, Jumbo Charcoal and Consulting Services Africa, 2007

1.4
An Area of Intense Agricultural Cultivation and Mountainous Terrain

The hatched area on the following figure roughly delineates where bush has been removed for intense agricultural cultivation or where it otherwise would be too difficult to harvest due to mountainous terrain.


                   Figure 3 – An Area of Intense Agricultural Cultivation and Mountainous Terrain
2.
EXISTING HARVESTING TECHNOLOGIES AND REGULATIONS IN NAMIBIA

2.1
Existing Harvesting Technologies

In the Namibian charcoal industry, nearly all bush is harvested using an axe as the cutting tool. Mechanised technologies, such as chainsaws, are generally not used because they break down, require expensive repairs and replacements, and can be dangerous for the labourers using them. According to Ian Galloway, the best axe for felling Namibian bush is Elwel 4lb. It costs approximately N$200 and can be purchased at Agra.

Although the axe is the predominant cutting tool of bush in Namibia, CSA was tasked with identifying other cutting tools that are available in Namibia. The following mechanised cutting tools were identified:

· Brush Cutter

A Stihl FS 550 brush cutter can be purchased at Cymot for approximately N$ 8000. The FS 550 has a 2.8 kW motor.

· Chainsaw

A number of different chainsaws are available in Namibia, but Stihl chainsaws are generally considered the most suitable for tough Namibian bush. Cymot sells a variety of Stihl chainsaws; the model MS 380 was recommended to CSA as being the most appropriate size, weight, and power for cutting bush on a daily basis for several hours per day. The MS 380 costs approximately N$ 7000 at Cymot and has a 3.6 kW motor.

· Lawnmower-style rotary blade cutter

The lawnmower-style rotary blade cutter is not sold commercially in Namibia. However, both Ian Galloway of Jumbo Charcoal and Bruce Brewer of CCF Bush had such a machine. It is estimated that if the machine were to be sold commercially it would cost approximately N$ 5000. The engine for such a machine has a power capacity of approximately 5 kW.

2.2
Harvesting Regulations and Guidelines

The Ministry of Agriculture, Water and Forestry (MAWF) – Directorate of Forestry (DoF) requires a permit to be obtained for all commercial-scale bush harvesting. This is a requirement of the relevant legislation – the Forest Act , No 12 of 2001 as amended by the Forest Amendment Act , No 13 of 2005.

The procedure is that any person wishing to harvest bush, has to apply to the Directorate of Forestry. They visit the proposed production unit and determine the quantity of each species that may be harvested, and issue a ‘Harvesting permit’.

In addition to the harvesting permit , ‘Transport ‘ and ‘Export’ permits are also issued for the transport and export of wood and wood products such as charcoal.

A proportion of the charcoal manufactured in Namibia is exported to the United Kingdom (UK). Some of the major retailers in the UK require that the charcoal be manufactured according to the guidelines of the Forest Stewardship Council (FSC). FSC guidelines are comprehensive and are focused on social and environmental sustainability. FSC guidelines provide a good model to be applied, or at least considered, for a future industry of bush harvesting for biomass power plants. 

They are based on ten ‘ Principles and Criteria ‘ , which aim to ensure that the process of harvesting the bush and the utilization of ‘forest products’ is environmentally, socially and financially sustainable and ethical. 
Further information and detail may be obtained on the following web page.

www.fsc.org/en/about/policy_standards/princ_criteria
3.
TRANSPORT COSTS FOR BIOMASS FUEL

3.1
Estimated Cost of Transporting Biomass Fuel to Windhoek

The cost of transporting biomass fuel to Windhoek using road transport and rail transport was determined. The conclusion is that the cost of road transport is significantly less than rail transport. The following are the cost calculations.

Road Transport

Typical rate for a 18 M 'Interlink' truck trailer = N$ 16 per km

Carry capacity of an interlink truck trailer:

Length = 18m        Width = 2.4m       Height = 2.5m

Volume = 18 x 2.4 x 2.5 = 108 m3

Load per interlink truck trailer:

Anticipated mass density of chipped biomass fuel = 300 kg/m3
Load per interlink truck trailer = 108 x 300 = 32,400 kg = 32.4 tons

Typical road transport rate = 16 / 32.4 = 0.49 N$/ton-km

	Trip
	Km
	N$/ton
	N$/load

	Grootfontein - Windhoek
	450
	222.22
	7200

	Otjiwarongo - Windhoek
	240
	118.52
	3840

	Okahandja - Windhoek
	70
	34.57
	1120


                                            Table 2 – Cost of Road Transport

Rail Transport

Figures provided by Transnamib.

Carry capacity of a rail wagon:

Length = 12.7m        Width = 2.4m       Height = 2.7m

Volume = 12.7 x 2.4 x 2.7 = 82.3 m3

Load per rail wagon:

Anticipated mass density of chipped biomass fuel = 300 kg/m3
Load per rail wagon = 82.3 x 300 = 24,689 kg = 24.7 tons

However, Transnamib will charge at a rate of 44 tons per rail wagon, irrespective of the actual tonnage achieved.

	Trip
	Km
	N$/ton (1)
	N$/load
	Actual N$/ton (2)

	Grootfontein - Windhoek
	450
	375.35
	16,515
	660.62

	Otjiwarongo - Windhoek
	240
	270.09
	11,884
	475.36

	Okahandja - Windhoek
	70
	102.95
	4530
	181.19


(1) Rate per Transnamib tariff book based on 44 tons per load

(2) Actual cost per ton at anticipated load of approximately 25 tons

(3) Note that the cost of loading from road transport to rail transport is not included 

                                                    Table 3 – Cost of Rail Transport (3)

4.
DISTRIBUTION NETWORKS AND TRANSMISSION LINES TO BE CONSIDERED WHEN SELECTING THE LOCATION OF A FUTURE BIOMASS POWER PLANT

4.1
Potential Supply into Local Distribution Networks

Carter Hartz contacted the regional electricity distribution (RED) company, CENORED, and spoke with CEO, Reimo Bauer. CENORED is responsible for local distribution networks that are located throughout the bush encroachment zone. Carter provided basic information about the VTT project, and Mr. Bauer provided information regarding the peak demand of several local networks. Mr. Bauer noted that CENORED would only purchase electricity from a biomass independent power producer (IPP) if the price of the electricity was less than NamPower’s price. The relatively small peak demands listed below would imply that a future biomass power plant of 5, 10 or 20MW would be better suited to supply electricity to the larger lines of NamPower than to the local distribution networks of CENORED. 

	Local Network
	Peak Demand (MVA)
	Load Factor

	Tsumeb
	6.0
	0.8

	Grootfontein
	4.5
	0.8

	Otjiwarongo
	6.4
	0.8

	Outjo & surrounding areas
	1.8
	0.8

	Otavi & surrounding areas
	1.9
	0.6

	Combat Valley (between Otavi & Grootfontein)
	1.1
	0.34


Table 4 – Peak Demand of Several CENORED Local Distribution Networks

4.2
NamPower Transmission Lines

The following figure shows the approximate location NamPower’s transmission lines and their capacities.  


Figure 4 - Nampower Transmission Map (source: nampower.com)

5.
SELECTED COST DATA TO BE CONSIDERED WHEN DETERMINING THE ECONOMIC VIABILITY OF A BIOMASS POWER PLANT

5.1
Projected Generation/Transmission Tariffs

NamPower is currently in the process of adjusting the electricity tariff so that it becomes cost reflective over a period of time. The Namibian Electricity Control Board (ECB) provided the following projections of the NamPower tariff. The tariff is the price at which NamPower sells electricity to any RED or local authority in Namibia. 

	Year
	Projected Tariff (N$)
	Projected Annual Rate of Increase (%)

	2007/2008
	0.433
	NA

	2008/2009
	0.475
	9.7

	2009/2010
	0.522
	9.9

	2010/2011
	0.573
	9.8

	2011/2012
	0.573
	0

	2012/2013
	0.573
	0


Table 5 – ECB Projections of the NamPower Tariff for Generation & Transmission

5.2
Cost Data Related to the Van Eck Power Station

During a meeting on 21 February 2007 at the Van Eck Power Plant, the plant manager informed Marco Orjala and Carter Hartz of the following cost data:

· Price of coal imported from South Africa = N$ 825 per ton

· Cost of electricity produced by Van Eck excluding depreciation and employee’s salaries = N$ 0.48 per kW-hr

5.3
Current Prime Interest Rate

The current prime interest rate in Namibia = 13.5%

6.
REGIONAL AVAILABILITY OF BIOMASS POWER PLANT TECHNOLOGIES

6.1
List of South African Suppliers

The following is a list of South African suppliers of power plant technologies that could be used in a Namibian biomass power plant.

· Babcock Wilcox

Babcock Wilcox is a world leader in technologies for coal power plants, and supplied one of the boilers at Van Eck Power Station in Windhoek. Babcock is capable of designing, installing and operating power plants.

Contact person: Mr. Terry Watson, tel. 0027 11 601 1126, cell 0027 83 501 8387

· Alstom Power Service and John Thompson

Alstom is a major South African supplier of boiler systems, steam turbines and complete power plants. Alstom is a very big company and is capable of designing, installing and operating power plants.

Contact person: Mr. Martin Rick, tel. 0027 11 392 0900

· Agram

Agram supplies control systems for large boiler systems. They are currently installing the control systems for the first power plant that they have worked on. The power station is a coal power plant in Swaziland which will have an Alstom boiler system.

Contact person: Mr. Martin Rick, cell no.  0027 82 804 5155

· Portasilo

Portasilo supplies storage silos and conveyor systems, including pneumatic conveyor systems.


Contact person: Mr. Dave Bent, tel. 0027 11 786 9692, cell 0027 83 325 4394

· Osbourne Engineered Products

Osbourne supplies crushers, conveyors, vibratory screens, feeders and scrubbers. Osbourne primarily caters to the mining industry.

Contact person: Clive, cell 0027 82 941 7780

7.
SOCIO-ECONOMIC CONSIDERATIONS

Economic opportunities are scarce in rural Namibia; participatory poverty assessments (PPAs) carried out across Namibia in 2006 revealed that poverty is most severe in the rural areas.  High levels of unemployment with little opportunity drive down the opportunity cost of labour.  Bush encroachment reduces the productive potential of agricultural land to less than a half, and contributes to the decline of Namibia’s regional economies and rural centres.  Livestock numbers in the commercial farming area have declined from 2 million in the 1960’s to approximately 800,000 at the turn of the century.  The loss in tax revenue to Government due to bush encroachment was estimated to be N$ 700 million in 2004.      

This section discusses labour issues, the factors which landowners argue persuade them not to engage in charcoal production, and some of the economic benefits associated with charcoal production at the macro-economic as well as on-farm level. It is felt that the issues facing the charcoal industry would also be relevant to a biomass electricity generation industry.

7.1
Labour Issues

Charcoal labourers often live in deplorable circumstances. Since they are not organised under any union and lack bargaining power, it was recommended that the NLF (Namibia Labour Forum) should negotiate on their behalf.  Charcoal labourers are, at times, employed without proper contracts.  This has not been well received by the Ministry of Labour and Social Welfare, and is perceived as employers running from their responsibility and leaving workers in a complete contractual void.  Contracts should be engaged in and should make it clear what the expectations and remuneration are for the labourers.   The work conditions of charcoal labourers/bush harvesters should generally be improved.  Charcoal labourers are often only employed for 6 months of the year (production stops in the wet season), and this is not considered ideal.

7.2
Farm owner Issues

Economic opportunities are scarce in rural Namibia.  This raises the question “why do not all farmers engage in charcoal production as a means of both investment diversification and rangeland reclamation?”  Development literature has a lot to say about the decision-making patterns amongst farmers, and their risk avoidance mechanisms.  There are a number of reasons why farmers don’t engage in charcoal production. These reasons should be considered with respect to a future bush harvesting industry for biomass power plants.

The business of charcoal is known to be fickle; markets are not stable, off-take is not guaranteed, and the price fluctuates tremendously.  The charcoal production sector is not well organised by a professional association.  There is also little support for the charcoal production sector by Government.  As such no levies can be charged, no marketing information is generated or shared, and no standards are imposed. 

Charcoal production, as it is practised in Namibia, is highly labour intensive. Managing a large labour force is something most Namibian commercial farmers shy away from; the additional logistical challenges, incidences of theft, spreading of beef measles due to defecation in the veldt, all seem too much to handle for the unpredictable returns of charcoal production.  Farm owners also shy away form charcoal production because harvesting bush is hard work and it is difficult to find labourers who are willing to do such work.  

7.3
Economic Impacts of Bush Encroachment and Bush Clearing

Macro-Economic Benefits

Agriculture directly contributes between 5.2% and 7.8% to the Namibian GDP; the sectors’ wider effect is generally regarded to be between 12 and 13%.  The agricultural sector is the fifth most important sector of the Namibian economy. 

	GDP at current prices (million N$)

	 
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003

	Agriculture
	872
	971
	980
	906
	1,101
	1,299
	1,136
	1,402
	1,496

	Commercial
	517
	583
	542
	459
	532
	792
	711
	1,021
	1,032

	Subsistence
	355
	388
	438
	447
	569
	507
	425
	381
	464


                                     Table 6 – GDP in the Agricultural Sector

The livestock industry contributes 70% of total agricultural output in the commercial sector alone, with another 10% from the communal sector on average.  

	Percentage Contribution to Total Agricultural output

	 
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003

	Livestock
	77.40
	75.40
	68.20
	76.20
	74.90
	75.20
	69.10
	78.40
	68.50

	Commercial
	65.7
	68.2
	61.5
	74.5
	65.6
	53.6
	73.3
	74.5
	70.5

	Subsistence
	11.7
	7.2
	6.7
	1.7
	9.3
	21.6
	 (4.2)
	3.9
	 (2.0)


                       Table 7 – Contribution of Livestock to the Agricultural Sector

This amounts to a direct contribution to GDP in excess of N$ 1 billion (excluding down line processing).  Some 35,000 employers on some 6,000 commercial farms with an average of 4 dependants per household are directly dependent on the industry for their livelihood.    

Bush encroachment results in losses of some N$ 700 million per annum (2004 figure) to the Namibian GDP.  Land productivity is reduced to less than a half in areas with dense invader bush populations. 

Bush encroachment contributes to sharp reductions in agricultural production, reduced export earnings, widespread losses of assets, reductions in employment and losses associated with declines in rural income. The long-term impact of limited recharge of ground water could be devastating for the Namibian economy.  The Directorate of Water Affairs in the Ministry of Agriculture acknowledged that invader bush is limiting the recharge of groundwater.  A study in the Platveld Aquifer stated that in the past 0,6% of rainfall recharged groundwater resources, while only 0,02% recharges groundwater resources in areas of high bush density.

The National Agricultural Policy states that Government intends to “establish mechanisms to support farmers in combating bush encroachment effectively over both the short and long term”.  Government will endeavour to “promote labour-intensive and private sector initiatives which utilise bush products”.  The draft Bush Encroachment Management Policy of Namibia states that “policy needs to create a socio-economic environment that provides incentives for farmers to improve the productivity of their pastures by controlling intruder bush in an environmentally sustainable way.”  Charcoal production creates jobs, contributes to the balance of payments, and addresses bush encroachment which is now considered a national disaster. 

Microeconomic / On-farm Impacts

While the costs of bush encroachment are immense, the cost to combat bush encroachment is also high.  Combating bush encroachment in the traditional way (aiming at eradication of bush to clear land) is as expensive as buying a farm of similar size in the same area.  Various studies on the topic have concluded that the average farmer would not be able to recover such an investment with additional livestock farming alone.  The result is that land users/owners revert to other means of survival often based on short-term gains, which may include more pressure on the land. Investments into livestock production are diminishing; many are exiting the industry.

The table below is a qualitative assessment of the viability, cost, speed and popularity of use of different anti-bush encroachment techniques in the Grootfontein, Okahandja, Hochfeld and Otjiwarongo areas, as determined by NEPRU in 2001.

Agricultural Benefits of Bush Clearing

Bush clearing can result in significant agricultural benefits. The following tables estimate the potential benefits that 5 MWe, 10 MWe and 20 MWe biomass combustion-steam power plants would have in the livestock farming sector as a result of bush clearing and increased agricultural productivity. Refer to Table 8 for a list of assumptions made.

	
	Year

1
	Year

2
	Year

3
	Year

4
	Year

5
	Year

6
	Year

7
	Year

8
	Year

9
	Year
10

	Biomass fuel requirement (tons/annum)
	32,059
	32,059
	32,059
	32,059
	32,059
	32,059
	32,059
	32,059
	32,059
	32,059

	Ha reclaimed (cumlative)
	3206 
	6412 
	9618 
	12,824
	16,030
	19,235
	22,441
	25,647
	28,853
	32,059

	Additional LSUs held
	160
	321
	481
	641
	802
	962
	1122
	1282
	1443
	1603

	Value of a LSU
	4000
	4,080
	4,162
	4,245
	4,330
	4,416
	4,505
	4,595
	4,687
	4,780

	Total additional net income for farm owners due to improved livestock farming only (N$)
	57,708
	117,724
	180,136
	244,974
	312,345
	382,258
	454,955
	530,337
	608,574
	689,611

	New jobs created for livestock farming only (cumulative)
	1.9
	3.9
	5.8
	7.7
	9.6
	11.5
	13.5
	15.4
	17.3
	19.2


Table 8 – Additional Income and Job Creation in the Livestock Farming Sector as a Result of Bush Clearing for a 5 MWe Biomass Combustion-Steam Electricity Generation Plant5
	
	Year

1
	Year

2
	Year

3
	Year

4
	Year

5
	Year

6
	Year

7
	Year

8
	Year

9
	Year

10

	Biomass fuel requirement (tons/annum)
	59,443
	59,443
	59,443
	59,443
	59,443
	59,443
	59,443
	59,443
	59,443
	59,443

	Ha reclaimed (cumlative)
	5944
	11,889
	17,833
	23,777
	29,722
	35,666
	41,610
	47,554
	53,499
	59,443

	Additional LSUs held
	297
	594
	892
	1189
	1486
	1783
	2080
	2378
	2675
	2972

	Value of a LSU
	4000
	4,080
	4,162
	4,245
	4,330
	4,416
	4,505
	4,595
	4,687
	4,780

	Total additional net income for farm owners due to improved livestock farming only (N$)
	106,992
	218,282
	333,994
	454,200
	579,133
	708,755
	843,539
	983,298
	1,128,374
	1,278,619

	New jobs created for livestock farming only (cumulative)
	3.6
	7.1
	10.7
	14.3
	17.8
	21.4
	25.0
	28.5
	32.1
	35.7


Table 9 – Additional Income and Job Creation in the Livestock Farming Sector as a Result of Bush Clearing for a 10 MWe Biomass Combustion-Steam Electricity Generation Plant5
	
	Year

1
	Year

2
	Year

3
	Year

4
	Year

5
	Year

6
	Year

7
	Year

8
	Year

9
	Year
10

	Biomass fuel requirement (tons/annum)
	117,718
	117,718
	117,718
	117,718
	117,718
	117,718
	117,718
	117,718
	117,718
	117,718

	Ha reclaimed (cumlative)
	11,772
	23,544
	35,315
	47,087
	58,859
	70,631
	82,403
	94,174
	105,946
	117,718

	Additional LSUs held 
	586
	1177
	1766
	2354
	2943
	3532
	4120
	4709
	5297
	5886

	Value of a LSU
	4000
	4,080
	4,162
	4,245
	4,330
	4,416
	4,505
	4,595
	4,687
	4,780

	Total additional net income for farm owners due to improved livestock farming only (N$)
	211,896
	432,268
	661,415
	899,479
	1,146,868
	1,403,579
	1,670,515
	1,947,283
	2,234,560
	2,532,114

	New jobs created for livestock farming only (cumulative)
	7.1
	14.1
	21.2
	28.3
	35.3
	42.4
	49.5
	56.5
	63.6
	70.7


Table 10 – Additional Income and Job Creation in the Livestock Farming Sector as a Result of Bush Clearing for a 20 MWe Biomass Combustion-Steam Electricity Generation Plant5
	Average available bush biomass
	10 tons/ha

	Annual biomass requirement for a 10 MWe power plant
	32,059 tons/annum

	Annual biomass requirement for a 20 MWe power plant
	59,443 tons/annum

	Annual biomass requirement for a 30 MWe power plant
	117,718 tons/annum

	Carrying capacity (encroached)
	20 ha/LSU

	Carrying capacity (after FSC approved bush removal)
	10 ha/LSU

	Value of a LSU at market rate
	4000

	Off-take rate
	30%

	Profit margin farmer can realise
	30%

	Price per LSU increase per annum
	2%

	Number of LSU per livestock farm worker
	83.3


Table 11 – Assumptions for Tables 8-10 5
As Tables 8 -10 indicate, significant additional income and a moderate number of new farm worker jobs would result from large scale bush clearing. It should be noted that new jobs would also be created indirectly outside of the farms, for example in the meat processing industry. 
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