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Abstract

Nami biads farmland is currently overrun
wildlife and cattle Our project goal was to contribute to the sustainability of a-bush
to-electricity industry by desiging accommodation trailers to attract and retain
workers, as well as by recommending propend aftercare systems to ensure
sustainability of Namibian farmlandVe developed several flexible trailer designs to
comfortably houserural workers in a varietyof fields. We alsorecommended

aftercare systems that allow farmers to significantly increase their land productivity.
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Definitions

SME: Small and Medium Enterprises. Bush harvesting teams will be organized by
these independent corporations to harves$ip, and deliver the biomass
material to the gasification plants.

Aftercare: Techniques applied to the land after harvesting; methods to discourage the
regrowth of the invasive bush, while ensuring a continuous supply of
biomass and biodiversity.

CCF: The Cheetah Conservation Fund. A fmofit organization in Namibia. The
CCF is currently harvesting the bush for profit, using the biomass to create
BushBloks to be used as wood fuel.

DRFN: The Desert Research Foundation of Namibia, our sponsoringyagenc

CBEND:Combating Bush Encroachment for Nami bi
project our IQP falls under, which the DRFN is currently working on.

Note: In this reportmetric unitsare used awell as the local currency. Specifically,
it should be nted that:

Tons: A At ono i s 1 metric tonne, or 1000 k
pounds.

N$: The current exchange rate, as of 22 April 2008, is 0UW3®: N$1 or
N$7.77: 1USD.

Hectare: 10,000 sq. meters or 2.5 acres. For visualization purposas
approximately the size of 2 football fields.
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Executive Summary

Three maj or obstacl es hi ndering Nami bi
unemployment, the invasive bush, and aradequate electric power supply.
Unemployment in Namibia is officially recorded to be 31% (Namibia 2001
Population and Housing CensuX)02). As people migrate to cities to find jobs,
innovative rural employment opportunities are needed, aghinas of the population
lives outside of urban areas. Invasive bush encroachment is another concern because
it causes substantial declines antl productivity, especially for cattle grazing lands
(de Klerk, 2004). The invader bush grows in thick stands, with extensive root
systems that take nutrients from the soil and reduce groundwater levels. In an already
semtarid climate, further reductio in groundwater is cause for serious concern.
Finally, Namibia faces energy challenges, with nationwide power consumption
significantly exceeding domestic production capabilities. As a result, half of all
electricity in Namibia is purchased from Soutliriéa (Weidlich, 2008). As South
Africa also struggles with energy concerns, it has become more crucial for Namibia to
generate power domestically.

Currently, the Desert Research Foundation of Namibia (DRFN) plans to
address these three issues by trymegstablish a bush harvesting industry through the
CBEND (Combating Bush Encroachment for Nam
project seeks to create an industry where groups of rural workers can independently
harvest invasive bush, sell it easluablefuel, and implement a laraftercare program
to maintain sustainability of the | and. C
working towards creating job opportunities, increasing land value, and establishing an
independent, renewable power source.

In order for the bush harvesting industry to be sustainable, measures must be
taken to ensure thkeong termavailability of both labor and land resources. Since
workers will be required to live in remote areas away from their families, extra
incentives forworkers to accept the jobs are needed. Additionally, as harvesting
requires training and practice, measures should be taken to ensure a high worker
retention rat e. Meeting t he far mer so de
sustainable industrysince cooperation with them is crucial. Most farmers wish to
implement an aftercare approach that will return the land to cattle grazing savanna.
This desire needs to be met, while also promoting a healthy ecosystem. Our research
aimed to promote the sustainatlyil of the bush harvesting industry by addressing
labor resources as well as the implementation of a desired aftercare program.

Our goals were two fold: 1) to contribute to the sustainability of the bush
harvesting industry by identifying ways to improveetdesirability of working in an
arid, adverse environment, and 2) to provide recommendations for an appropriate land
aftercare approach that would ensure sustainability of the land. Objectives to meet
these goals included:
1 Develop a list of necessary faa¢s for an accommodation trailer
1 Determine coseffective and energgfficient technologies for the
accommodation trailer to provide power, entertainment, and safety
1 Createtechnical specifications and drawings for the accommodation trailer
1 Create a spegisheet tool to allow flexibility in the trailer design
1 Select a chipping machine to complement the trailer as part of a bush
harvesting operation



1 Create spreadsheets to organize aftercare information for future reference

1 Identify recommendations for shte, mid-, and longterm aftercare methods.
These goals and objectives address two major sustainability concerns of the CBEND
project. By meeting these, we were able to contribute tdotig termsuccess of a
bush harvesting industry.

We employed seval methods in order to meet objectives related to the
technical design of an accommodation trailer. Through expert interviews, literature
review, and consultation with local businesses, we compiled the base requirements for
the trailer as well as the ajgoces, space, and power requirements to meet the needs
of rural workers living in the field. We conducted a design review with managers at
the DRFN, where we received professional feedback on the preliminary design of our
trailer, allowing us to modify ur design as per their suggestions.

Various methods were also employed to make recommendations for
techniques of proper land aftercare. By gathering information amt @ttempts to
control bush rgrowth, we were able to determine which were successiiMe
received many detailed suggestions on aftercare metiyodsntacting ecological and
agricultural experts. Finally, by holding a focus group with Polytechnic of Namibia
faculty, we received professional feedback on our preliminary list of aftercare
methods.

Through our research, we were able to design several different
accommodation trailer options. Bezér Trailer Manufacturing provided us with an
initial quote of N$241,500 for an ®erson trailer. Based on our design review
feedback, we drafted sesal smaller design options: a pgerson trailer and an
energy/storage trailer. Finally, by providing Solar Age with power requirements, we
were able to get quotations on a solar power system, resulting in a complete cost
analysis of our trailer designsoTaccommodate this cost analysis, as well as maintain
a flexible trailer design, we created a dynamic Microsoft Office Excel costing tool
which allows the user to select items to include in the trailer and receive detailed cost
and power breakdowns. Frothese breakdowns, we identified that thgérson
trailer would be the best option for an eight person harvesting team. This trailer
would allow adequate sleeping quarters for each worker, as well as ample storage for
personal items, food, and equipmenihe final cost for this trailer design was
determined to b&l$260,000.

One of the most useful features of the trailer design is its flexibility and
universality of design. With the aid of our dynamic costing tool, trailer designs for
many different apptations, such as housing workers in various fields, as well as
mobile clinics and shelters, may easily be drafted. To improve flexibility even further,
we recommend researching a modular trailer design, so that multgaesdn trailers
may be linked togther, to easily accommodate different numbers of workers. We
also recommend that the accommodation trailers be used in other fields, such as
mining operations, medical clinics, and emergency shelters.

With regards to identifying an appropriate afteraaethod for bush harvested
areas, we determined that an herbicide is the most appropriatetesinorsolution.

We concluded that the best himide to use is Picloram, which available under the
brand nameé\ccess by Dow AgroSciencesThis herbicide haproven to be effective

in bush control in the past and is highly selective due to its spray application. It is also
colored so that application can be monitored.

For a midterm aftercare solution, we determined tbantinued application of
Picloramshoud be used. Afteresprouting has occurred, Piclorahould again be
applied to the sprouts. Regarding a ldagn solution, we investigated whether an



alternative species could be identified to replace the invasive bush by providing an
alternative biofuksource, but determined this to be impractical. Furthermore, it is the
general consensus of bush encroachment experts that there is sufficient bush to sustain
the harvesting industry and additional sources do not need to be found. Instead, we
recommendtie implementation of a land restoration system, in which the farm land is
returned to cattle grazing area by providing bags of mixed sedtie farmers This
meets the far mersd de mdiedalso pforaating mbealtny gr az i n
ecosystem byowering the risk of erosion and promoting biodiversity. Although we
have made initial recommendations for aftercare methods, experimental research is
needed before implementation. Specifically, ldagn solutions should be studied
through the creation dést plots, which will reveal the success or failure of a specific
aftercare approach.

If successfully implemented, our recommended trailer design will give
workers an incentive to stay with the bush harvesting professiorangdermbasis.
Our reseah into aftercare methods will provide a basis for decision making that will
return large amounts of farmland to open grazing lands and thus meet the desires of
the farmers.

Xl



1.0 Introduction
Sustainable development is defined by the World Commission on

Environment and Devel opmentds Brundtland R
meets the needs of the present without compromising the ability of future generations

to meet t hep. 43. tinwshort, sustaEndidecdevelopment allows beneficial

changs to be created in the present, while keeping the impact on the future in mind.

Many policies aim to improve life in developing countri¢$¢owever, if the long term

sustainability of the plan is not a focal point, it may fail after a few years, wahtng t

efforts and expenses put into the policy. In Namibia, sustainable solutions to social,
environmental, and energy concerns must be implementeztder to ensure the

c o u nstfutune development.

Three problems currentl y I|bymentt dush Na mi bi
encroachment, and an inadequate electric power supply. According to the 2001
Census, unemployment in Namibia is 31%afibian Government, 2002 The
demand for employment opportunities is more urgent in rural areas, whethitds
of thepopulation residesThe creation of rural jobs would be an optimal opportunity
to combat unemployment, since workers could stay near their homes and families, and
not be forced into informal settlements around the urban areas. Invasive bush
encroachmerns another concern, and causes substantial declines in land productivity,
principally cattle raising (de Klerk, 2004), leading to large amounts of land being
deemed unusable by far mers. |t was found
income was US$499B per cow per annum on cleared farms compared to US$23,351
on bushy farmso (Mugas et. al , 2000, p . 6 ¢
bush encroached farnsan leado an increase in land productivity. The invader bush

species have also beenkigd to a reduction of groundwater levels, due to their dense



population and extensive root systems. Insamtarid climate, further reduction in
groundwater is cause for serious concern. Finally, Namibia faces energy challenges,
with the nationwide powe consumption significantly exceeding its domestic
production capabilities. As a result, Namibia purchases approximately half of all
electricity from South Africa (Weidlich, 2008). As South Africa struggles with its
own energy concerns, it has become enorucial for Namibia to generate its own
supply of power.

To combat the unemployment and bush encroachment issues, rural worker
accommodations and techniques to control the regrowth of invasive species must be
considered. Worldwide, people working faom their homes in rural areas are
housed in various ways. In Australia, accommodation trailers are often used to house
employees in agricultural industries (Australian Government, 2006). In Namibia,
however, empl oyees who masialhvast femce dydteens nat i on
around farms are only provided with tents to sleep in, leaving them largely exposed to
the harsh Namibian environment. These tents lack simple human necessities such as
privacy, security, and bathing facilities, causing thenb¢oconsidered undesirable
(pers. com. R. Schultz, March 2008). Improving worker housing facilities will
increase the desirability of bush harvesting, as well as potentially increase the
productivity and worker retention rates. In order to combat thé basroachment
problem, previous research has considered various techniques of land aftercare.
These aftercare techniques involve the treatment of land after the removal of bush to
ensure that unwanted species mint return. Strategies includmntrolled fires to
destroy new sprouts, the use of grazing animals such as goats, the planting of new

plants, and the use of herbicides. Additionally, aftercare methods consider alternative



biomass species, which would provide future power and employment opgieguni
These techniques have been used in the past with varying degrees of success.

The use of accommodation trailers, both worldwide and in Namibia, has been
relatively limited. In order to create a sustainable bush harvesting industry, we
determined tehniqgues for making trailers desirable, as well as portable and
financially viable. Furthermore, limitedttention toaftercare research has led to
unsuccessful management of harvested land in Namibia. A more successful aftercare
solution needs to be id#fied to ensure the sustainability of the harvested land and
continuation of the harvesting industsy meeting the desires of the farmers

Currently, the Desert Research Foundation of Namibia (DR§&djtempting
to establish a busto-electricity industry througlits project entitted Combating Bush
Encroachment for Namibiads Devel opment ( CBI
industry where groups of rural workers can independently harvest invasive bush, sell
it as valuable fuel, and treat the faamél so as to restore it to its original level of
productivity for grazing. CBEND promotes
opportunities, increasing land value, and establishing an independent, renewable
power source. By offering desirable accomntmda for workers, as well as by
promoting a long term supply of biomass for energy production through a sustainable
aftercare system, oucontributions aimedo assist inthe longevity of the bush

harvesting industry.



2.0 Background

Namibia faces thremajor problemsunemployment, bush encroachment, and
an inadequate energy supply. The DRFN laaschedhe CBEND project to create a
bushto-electricity power plantycle to helpalleviateunemployment while utilizing
the invasive bush. In order to acheesustainability in this industry, it is necessary for

jobsto be desirable as well &screat conditions fora consistent fuel source.

2.1 Unemployment in Namibia

Colonized by the Germans in thee 19" century, Namibia has had a history
of ford gn occupati on, conflicts, and aparthei
independence in 1990. Today, the countryo:
unemployment. Nationally, the officially reported unemployment figure is 31%
(Namibian Government2002), although unofficial estimates reach as high as 40%.
Even he official figure is five times the worldwide unemployment rate of 6.0%
(I'nternational Labor Organization) . Nami bi

other countes in Figure 1.

35%

30%

25%

20%

15%

10%
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OnU

Namibia SA Botswana UK US Worldwide
31% 27% 24% 5% 5% 6%

Figure 1: Comparison of Unemployment Figures of Namibia and Other Nations

(Namibian Government, 2002)



According to the 2001 Census (Namibian Government, 2002), Naimisia
population of around 1.8 million people. This relatwetmall population is
distributedover a large area of 824,000 square kilometers, resulting in an average
popul ation density of only 2.1 persons per
area is Windhoek with 230,000 inhabitants, accounting for 13%%lofe countr yds t
population. There are only a few additional urban areas, the largest being Rundu,
which has a population of only 44,000 people. iwb i r ds o f Nami bi ads
resides in rural areas.

The lack of urbanization leaves many peoplghout job opportunities
(Namibian Government, 2002). According to the 2001 Census, nearly 70% of urban
residentswvere involved in the work force, as opposed to only 44% of rural residents.
It is apparent that urban areas have more employment opivbi) often results in
individuals traveling to the cities for potential job opportunities. Unfortunately, job
creation has not kept up with the migration rate to these areas. Furthermore,
migration to cities displaces families from their native homésjobs were made
available in rural areas, people would not have to move to cities in an often futile
attempt to find work.

The unemployment rate is determined by dividing the population of Namibia
over the age of 1to two categories: those who paipate in the labor force, and
those who do not, as displayed in Figure 2. The labor fornetisecessarily those
who are employed, but rather is comprised of individuals who are physically able to
work. Those outside of the labor force include staslehomemakers, the disabled,
the retired, and those receiving pensions. As of the 2001 Census, 69% of the labor
force Iis employed. However, the Census def

prioréhaving workedéeven famiy ganmderinghttatur f or



periodo (p.36). T h e r -thifde of the labdr éoscis labeledt h e f a
as employed, they are often idle during the majorityhef week, or workkor no pay

for a family business. This results in only about 400,0@lividuals, or 22% of the

nationdés total population, who work at | eas
Total Population 15 years and above
1100 425
Economically Inactive Population Not Economically Active (Labour Force)
stated
432 883 72 693 594 849
39.3% 6.6% 54.1%
Students Homemakers Income Unemployecli Employed
151 889 186 644 || RECIPIENE 185 258 409591
Disabled,
35.1% 43.1% Old age, 31.1% 68.9%
Retired,
Others
94 350
21.8%

Figure 2: Population Groups Defined in the 2001 Census

(Namibian Government, 2002)

These statistics can be further detailed when breaking down the labor
opportunities. The government hires approximately 20% of all employed individuals.
This | arge number provides insight into th
of interest, 12%of all employed persons atmpaidfamily workers. Returning to the
nationdés employment figures (Namibian Gover
(350, 000 peopl e) of Nami biads population r
results in the remaininghajority of the population to be financially dependant on
these people.

Based on the previous statistics, the severity of unemployment in Nasiibia
apparent. More specifically, the lack of income generated by individuptgvsalent

Although the goernment does encourage labor intensive projects, there is still a



shortage of job opportunities. Furthermore, the Census alludes to the greater need for
jobs in rural areas, which would help slow the general migratory trends to urban areas.
Consequentlyjt is important to create jobs in rural areas, where the majority of

Nami bi ads people reside.

2.2 Bush Encroachment

Bush encroachment in Namibia currently covers an area of approximately 26
million hectares. As of 2004, the invasive bush had caused E$700 million
annually in losses to the Namibian econqgjpgrs.com.R.Schultz, March 2008)The
most prevalent species of invasive bush &cacia mellifera(Black Thorr), Acacia
reficiens (False Umbrella Tholn Colophospermum mopane(Mopane)
Dichrostachys cineregSickle Bush) Rhigozum trichotomunand Terminalia sericea
(Silver terminalia). TheD. cinereg A. melliferg andT. sericeagrow at a density of
4,00012,000 plants/ha. The primary encroached land is shown in Figure 3. The map

also shows the densities of the bush species throughout the country.

Katima Mulilo

Problem species

. Acacia mellifera

cacia reficiens
. Colophospermum mopane

Dichrostachys cinerea

higozum trichotomum

. Terminalia sericea

Oranjemund

Figure 3: Invasive Bush Species in Namibia

(Schultz 2008)



The invasive bush in Namibia is detrimental to agriculture, cattle grazing, and
the cheetah populationn northernand central Namibiathe invasive bushas
impacted groundwater supplies inhe already semiarid environment since the
extensive root systems take water away from the native plants and daessdsrk,

2004) The bush has also reduced undeugd water recharge from rainfall from 6%
to just 0.2%(pers.com.R.Schultz, March 2008)

Cattle raisingis very important toNa mi b i a 6 s ana ltas beemtpe
predominanfocusof landusein Namibia for centurieslt is essential for farmers and
rarchers to have a healthy herd of cattle to sustain their livelihddowever, the
invasive bush hinders the growth of grasses that cattle rely on for food, reducing the
amount ofland available for livestockIn the past 50 years, the commeraialtle
herd has been reduced from 2.5 million to 800,dpers.com. R.Schultz, March
2008)

Wildlife, specifically the cheetah population, has also been affected. The
cheetah hunts by sight ant$ attemptsto maneuver through the thorny bush can
scratchtheaoneas of the cheetahds eyes. Thi s
native prey. The cheetah has found a solution to this problem by hunting the cattle
which in turnresults in some farmers killing the cheetah. This is of concern to the
Cheetah Coservation Fund (CCF)an organization thastrives to protect this
threatened species. Currently, the CCF operates one of the largest farms that
regularly harvest the invasive bush (Leinonen, 2007). They use the harvested material

to create BushBloks, lich are used as fuel for cooking and heating.

2.3 Energy Sources in Namibia



The availability of power in Namibia has been a prolonged prohbiethe
nati ondés (@\eidien 2008m & oday, the country buys as much as 50% of
its annual consmed paver, the majority from South Africa.Additionally, rolling
blackouts and brownouts constantly plagbe nation. Figure 4s hows Nami bi ad s
power consumption for the previous 10 years, as well as power produced by

NamPower, South Africa (Eskom), and otkeurces.

Figure 4: Namibia's Power Consumptionfor the Past10 Years

(NamPower, 2008)

As shown in Figure 4, power consumption has rapidly increased sinceli¥d@ver
productionhas shown littlencreaseo compensatéor this growth. The majority of
power supplemented into Namibia has been s
company. Currently, power production in Namibia is approximately 380 Isivi,
energy demands close to 600 MW. Forecasters predict a contthurerease in

power demand, as shown in Figure 5
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Figure 5: Namibia's Predicted Power Consumption

(NamPower, 2008)

Namibia is currently working on smadlcale projects that will help alleviate
the power crisis (Weidlich, 2008). Teomary diesel generators are used, though
these typically cost almost three times as much to operate as coal genevdinah.
generator farms are being planned for development along the cOasbrtunately,
delivering this power to intericareas still emains a costly problem. Additionally, by
2009 a N$3 billion power sharing grid witliZambia, Zimbabweand Botswana will
help all four nations shareraore reliablgpower supply.
Despite these developments, rural areas are oftemy kilometersdrom the
power grid. Thehreemajor power plants are in relatively large urban areas. Most of
the power that rural areas receive is from small solar generators. The development of
biomass power plants in these rural areas will not only create more powete for th
entire country, but will also expand the electrical grid to areas that could truly benefit
from a constant power source.
The CBEND( Combati ng Bush Encroachment for
project hopes to install a bugb-electricity power plant in Narbia to utilize this
otherwise useless invadeth e hope is to develop the coul

power producer. A biomass plant in Namibia would help expand the national
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electricity grid bring energy to more of the populatjcend create job oppaomities.
Removingthe invasive bush would allokhe expansion of cattle grazing areas,
encourage agriculture, and bring back the shrinking hafatawildlife. Members of
CBEND will be focusing on the structure, management, operation, and purchase of a
wood gasifier. They ultimately will advise small companies that will be harvesting the
invasive bush, which will to be sold to a gasification plant and turned into electricity

to be added the national grid.

2.4 Housing Conditions in Namibia

Housing condions in rural Namibia are often poor, attributed to the lack of
employment, low income, and the migratory trends to urban areas (Namibian
Government, 2002). In urban areas, over 20% of households reside in improvised
housing (shacks) or traditional dwaljs made from organic materials. In comparison,
66% of the rural population live in traditional dwellings, most of which are without
basic amenities such as water and electricity. These housing statistics are displayed in

Figure 6.

Other
3% Not Stated
1%

Improvised
Shacks
4%

Traditional
Dwelling

\Apartment

1%

House
25%

Figure 6: Rural Namibia Housing Types

(Namibian Government, 2002)
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Housing construction materials are also more primitive in the rural areas. In
urban Namibia, the predominant roofing material is corrugated iron, which is used
extensively in improwded housing. In rural areas, thatch and grass are most
commonly used for roofing. Similarly, homes in rural areas utilize sand and mud for
flooring, and other organic materials, such as compost and manure, for the walls.
Figure 7 shows examples of hoogi conditions in the informal settlement of
Katutura, outside of Windhoek. Temperatures in these shacks may reach as high as

40°C in the summer heat, creating unsafe living conditions.

Figure 7: Improvised Shacks in Katutura, outside of Windhoek

Electricity and water availability is also less plentiful in rural areas. The
predominant source of energy for cooking in these rural homes is wood and charcoal,
accounting for 90% of the fuel used, whereas electricity is used irtHass5% of
households for cooking. Similarly, electricity for lighting is found in only 10% of
rural households. In these homes, paraffin (kerosene), candles, and wood are the
primary sources of lighting. Electrical heating is almost nonexistent al eweas,
where 60% of households rely on wood and charcoal, and 30% have no source of

heating. Additionally, in rural areas 20% of households have no access to safe
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drinking water, and more than a quarter of the rural population must travel at least
half a kilometer to acquire water.

Creating an appropriate accommodation for bush harvesting workers will
increase the desirability of this occupation. It is important to keep in mind the cultural
acceptance of housing, while at the same time improving pp®nous housing that
workers may be accustomed to. The creation of adequate housing will promote

worker health, safety, and satisfaction.

2.5 Worker Accommodation

Many types of jobs, such as those in construction, agriculture, and livestock
herding,require workers to spend many nights away from their homes. Proper living
quarters then become a necessity. Places such as the United Kingdom (Simpson,
2008) Queensland, Australia (Queensland Development Code, 260d) Canada
(British Columbia Governme&n1996) have provided temporary accommodation for
workers. Important factors were considered such as suitable location, sleeping
guarters, water supplies, bathing facilities, as well as food preparation and storage. In
Whistler, British Columbia, Canaddhe Reso t Municipality of Wh i
Wor ker 6s Accommodati on Regulation (British
that housing must be provided for agriculture and construction workers.

In Leeds, United Kingdom, a large scale site accommodationbuittsfor a
group of 300 construction workers by the Konstructa Hire Company (Simpson, 2008).
They constructed 12 steel, amtindal site buildings that incorporated extensive
security measures. The buildings were built in three weeks, and were diadiieds
to create six, two story buildings. They included reception, offices, meeting rooms,

toilets, and a canteen.
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In Australia, the Rural Workers Accommodation Act was enacted in 1969
(Australian Government, 2006). This act states that agricultnchpastoral workers
must have accommodation, free of charge, if they are required to live on site for more
than 24 hours. Similarly, the Queensland Development Code of 2003 provides for
pastor al wor kersdé accommodatomna Woi skemasd a
site accommodati on. The workersd accommo
provide an adequate standard of heal t h anc
Government, 2003, p. 4). The living space must be a certain distance awaydrom th
work area and any other structure having to do with the area of work.

The Queensland Development Cd@rieensland Government, 2003) detailed
specifications for the sleeping area: the floor area must be at leas3dl56n¥ for
each worker, with dength of 3m x 2.1m. The area must be lit and have proper
ventilation. It was also stressed that sleeping areas must be separated for men and
women. If necessary, partitions from ceiling to floor should be installed to allow for
privacy. The Queenslaridevelopment Code also stated that a sufficient water supply
must be provided, at leasightliters of potable water per person per day is necessary.
The Queensland provisions require one shower facility for every six workers, with a
minimum floor area ©900mm x 900mm. Again, to ensure privacy, a curtain or
screen should be used. If laundry facilities are to be provided, one tub for every three
workers is necessary.

A store area for food and supplies is also a very important feature for any
living area However, as in the case at Austral
required for the employees to bring their own food (Nomads Cryon, 2004). Other
important features are lighting (Queensland Government, 2003), ventilation, shelving,

a locking door, anthsulated walls.
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In Turner, Maine, (Fernandez, Fernandez, and Gayle, 1995) there is a very
dense population of Hispanic migrant workers. These families live in trailers with
two or three other thregerson families in each. Additionally, one traileuses 16
single men. The trailers were described as follows (Fernandez, Fernandez, and Gayle,
1995, Migrant Workers):

The trailers we visited were very clean and neat, but the pest

infestation and many safety hazards were obvioMsst trailers had

broken windows and doors, leaking plumbing, defective or missing

smoke detectors, holes in walls and flooring, exposed electrical wiring,

frayed and torn furnishings, cockroach and rat infemtatiand

appliances in disrepair.

With so many people living togeth it is very important to maintain hygienic
conditions at all times (Queensland Government, 2003). The facilities should be

maintained so as not to fall into disrepair. Additionally, proper sanitation practices

should be followed, and residents shoudddalucated on first aid.

2.6 The Aftercare of Harvested Land

Control of invasive plants has been a problem worldwide. While temporary
eradication is often achieved, a proper method of aftercare must be implemented in
order to prevent the return of unmtad plants. Several methods have been used,
including chemical and biological control, browsers, fire, and the seeding of new

plant species.

Chemical Control

An example of successful chemical control is the use of herbicides on the
invasive Japanese lmarry in northeastern United Stat€Bhe Japanese barberry
originated in Japan and was introduced to the northeastern United States as B85

ornamentabplant (Swearingen, 2006). i still currently sold in nurseries across the
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United Statesdespiteits reported invasive natur&@he bushis a densespiny shrub
that grows between 0B.5 meterdigh. The Japanese barberry persists in almost all
natural habitats in the northeastern US and alters the pH, nitrogen, lanels
biological activity in thesoil. Additionally, it pushes out native plants and reduces
wildlife habitats. White-tailed deer prefer to eat native plaragher tharthe Japanese
barberry, giving the barberry éear competitive advantage.

Control of the Japanese barberry is coemed very important given the
current lack of knowledge and its widespread use as an ornamental plant (§esari
2006). The barberry has higiperminationand seed production ratek can also
resproutfrom root fragmentspecessitatingemoval when tryng to controlts growth.

It was found that the most successful aftercare method for the Japanese
barberry was the application of a triclopyr solution, Garlon, to the stumps after cutting
down the bushes (Swearinge08). This chemical preventsspgouing; however,
because it is a nespecific herbicide, it needs to be controlled extremely carefully so

as not to harm surrounding namvasive plants

Browsers

Another aftercee treatment used to controlsprouting of invasive plants is
the use of browers, such as goats. Previously, goats have successfully been used to
control the spread of the Scotch broom spedibs bush was first introduced to the
continent of North America as a garden ornamental by early settlers of the Pacific
Coast (Parker, 18). From there, it spread far up into British Columbia and down
into California. Currently it is rapidly movinéarther intoOregon and Washington.

The Scotch broom aggressively pushes out desirable native plants such as forbs,
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grassesand young trees. Hnefore, it is a threat to the native animals that depend on
these nativglants

Several different controls have been implemented against the Scotch broom
with varying degrees of succegParker, 1998) Using goats as a control for
resprouting was fouhto be incredibly successful. After the bushes were initially
killed using herbicides and mechanical means, the goats were allowed to graze in the
recently cleared area to prevent the spread of any remaining invasive plants as well as
any new sprouts. Thgoats were penned in using an electric fence, so that they were
limited to a designated area. After the goats had consumed all the unwanted
vegetation in that area, they were moved to the next area to continue the control. The
use of goats had no ill effes on the surrounding vegetation, and given time, they

couldcontrol a small patch of Scotcihdom if it wasnot too tall

Biological Control

An example of aftercare using biological control was also applied to the
Scotch broom.A moth, Leucoptera spdifoliella, was introducedn the 1970s to
destroy the remaining bush after initial eradicat{®arker, 1998). However, this
moth was heavily parasitio other plants and largely ineffective in controlling the
Scotch broom. A seed weevipion fuscirstre, was also introduced in 1983 to
control the plant. While the larvae did consume the seeds and assist in slowing their
spread, they did not help to control the already exigtlagts.

Similar types of mlogical control of the invasive bush Ve al® been
attempted in Namibia. However, the Namibian species of bush share many of the
same qualities as the Scotch broom and Japanese bartbersghardy plants are

effectively able to survive harsh conditions such as drought (de Klerk, 2004). They
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alsohave a large seed production, which aids in their spread. Seed weevils, similar to
those introduced to control Scotch broom in Oregon, were introduced in South Africa
and Namibia in hopes that they would have a significant effect on the spread of the
bush Bethune, 2004). Their introduction allowed for almost 99% of tleelsé¢o be
destroyed. ldwever, because of their aggressive seed production, the bushesilvere

able to survive angroliferate

Fire

For millennia, wildfires have been crucial in mainiag the balance in
ecosystems (Zouhar, 2007). Fire destroys weeds and overgrowth, adds nutrients to
soil, and often encourages germination. Prescribed burning is currently considered an
environmentally friendly alternative to chemical herbicides. Hawgethere are many
concerns with implementing fire as a plant control mechanism.

Harold Wiedemann (2005) identified a few specific concerns regarding
prescribed burning, such as unwarranted damage to healthy plant species and erosion
after the burn. Zohar et. al. (2007) also recognized the potential risk to human life
and property damage from fire. Another crucial issue with prescribed burning is the
unpredictabl e nature of pl ant so reactions
germination, controllecourning to remove invasive plants may actually result in
damaging healthy plants and encouraging invasive plants to flourish. Additionally,
controlled fires do not destroy much of t
2005). With the invasive plésm in Namibia, the extensive root system present may
not be thoroughly destroyed through burning, aegrowthwould be probable. A
photo displaying the vast root system of a Namibian bush is shown in Figure 8.

Lastly, fires create additional environmahtoncerns due to the generation of smoke.
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In the US, prescribed burning is often banned in the spring time because of the nesting

of local birds.

Figure 8: Photo of the Invasive Bush Species Vast Root System

(R. Schultz, 20®)

Planting ofNon-InvasivePlants

The desire to reintroduce native species into an area taken over by invasive
plants is a desirable goal around the world. In Seattle, Washington, USA, the Frink
Park was overtaken by invasive weeds and shrubs (Berdestdai, 2001). A team
of workers removed all of the invasive species and replanted native shrubs and
groundcover. These bushes helped alleviate erosion problems commonly found with
the removal of plants. The native plants also helped to bring back matnye
animals that left the area when it was overtaken with the invasive species. It was
necessary for a team of workers to water the newly planted species during the first

growing season, to ensure the success of the aftercare process.
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2.7 Summary

Among the many obstacles to Nami biads de
inadequate power supply, and unemployment stand out as especially challenging.
Although people tend to look to urban areas to provide employment opportunities, it
is not realistic fora few cities to provide jobs to everyone, especially whenthirds
of the Namibian population lives in rural areas. Therefore, greater efforts need to be
made to provide rural job opportunities. F
South Africa br power generation is not a realistic letggm solution. Although
efforts such as wind farming and diesel generators have been made, Namibia could
greatly benefit from using the encroaching bush, an overabundant resource, to feed
the power grid. Indeedhe invasive bush has been very problematic to Namibian
far mer s, who rely on grazing |l ands to rais
resources. The CBEND project aims to address these three issues by creating a bush
to-electricity industry to povide rural jobs, restore encroached areas to productive
grazing land, and use an otherwise harmful pest to provide power to an energy poor

country.
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3.0 Methodology

This project focused on a subset of the CBEND prpjeutensure the

sustainability ofthe bush harvesting industry. Our goal was to contribute to the

sustainability of a bush harvesting system through identifying ways to make bush

harvesting work an attractive occupation and by recommending an appropriate

aftercare technique to manage laafter bush removal. Through designing an

accommodation trailer, we hoped to increase the desirability of the occupation by

providing attractive housing. Additionally, aftercare methods were determined in

order to ensure sustainability of the land anel tlarvesting system. Our objectives

were addressed by establishing the following steps:

1
T

Develop a list of necessary inclusions for an accommodation trailer

Determine coseffective and energy efficient technologies to include in the
accommodation traildgo provide power, entertainment, and safety

Create the technical specifications and drawings for an accommodation trailer
Create a spreadsheet tool to allow flexibility in the trailer design, as well as to
allow for future applications or modifications

Identify an appropriate chipping machine

Create Excel documents to organize aftercare information for future reference

Provide recommendations for shomid-, and longterm aftercare methods.

The trailer was designed in order to retain trained workerroyiding

attractive accommodations. It was also crucial for an aftercare system to be

implemented that encourages aliey ecosystem and sustainability of the industry

through meeting the desires of local farmdrsese objectives are essential to tnep

a sustainable industry as outlined in CBEND. We utilized a numbhmetfodologies
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including informal interviews and cobenefit analyses to attain these objectives.
These methods allowed us to satisfy the parameters laid out by our sponsor, such as

budget constraints and environmental concerns.

3.1 Technology Selection

In order to successfully implement our accommodation trailer design into a
working bush harvesting cycle, our sponsors requested for us to select a wood chipper

and a towing vehid to pull both the chipper and trailer.

Chipper and Towing Vehicle Selection

By reviewing the documentation provided by the Research Centre of Finland
(Leinonen, 2007), we were able to gather data on the chipping needs of a Namibian
bush harvesting sysin. We consulted with chipping distributors, such as-Ogse,
for recommendations on different machines.

In order to determine the towing vehicle, we needed to calculate the amount of
cargo the vehicle would be delivering. Bezér Manufacturing wéestalprovide the
load based on the weight of the accommodation trailer. A chipper distributor also
provided us with the weight of the chipper machine. Past literature and discussion
with our sponsors determined the mass of harvested material the toudd be
carrying. The load tonnage then became one of the requirements for truck selection,

along with cost and durability.

3.2 Design of the Accommodation Trailer

To determine the basic requirements that needed to be included in a trailer
design, we ifst interviewed Robert Schultz and Claus Hager of the DRFN. We

created a preliminary design based on these initial requirements. We also interviewed
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Lucky Ganeb and Alex Moses, of the DRFN, who provided suggestions fer non
essential items that would Ipemake the accommodations more desiraBleneb and
Moses, as Namibian citizens, were able to give insight into the importance of these
items because they are personally aware of the needs, desires, and values of rural
Namibians.

Concurrent with the resezh conducted on amenities, we also needed to
determine trailer dimensions. Initial design specifications provided by our sponsors
allowed for us to estimate the dimensions. Then, as we finalized the amenities that
could be included in the trailer, we Icalated exact dimensions. Through
consultation with Bezér Trailer Manufacturer in Windhoek, we established the
acceptable and | egal di mensi on constraints
trailer design provided further knowledge on what dimemsiwould be needed to
meet our requirements.

We gathered information on products that could be included in the trailer
design by visiting local vendors, as well as by contacting suppliers via the internet and
phone. We focused on energy efficient tasbgies, since the trailer will be using a
solar power source. Specifically, we contacted DB Electric to obtain prices and
availability on energy efficient light bulbs. Solar Ajamibiag a local solar company
that has been used in the past for ener@gieft trailers at the DRFN, provided us
with a detailed list of batteries and solar panels required to meet our power budget.
Prices for other amenities, such as television sets, were gathered by contacting several
local suppliers for prices and avaiikily.

We also contacted Dr. Andreas Wienecke, a sanitation expert at the Habitat
Research Development Centre (HRDC). Dr. Wienecke provided information on

innovative, portable toilets. Because the trailer needed to be a desirable
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accommodation, alteative toilet ideas were considered advantageous, especially
since traditional portable toilet facilities require more space and money than we have
a budget for.

We established food and water requirements through interviews with our
sponsors. To establigoroper storage space requirements, we determined the volume
of water and food necessary for the workers.

Weekly meetings with our sponsors, Robert Schultz and Claus Hager,
provided us with continued input into the design progress. This ensured ¢hat th
design remained within their specifications. We gave a formal presentation of the
trailer design taDr. Detlof von Oertzen, the executive director of the DRFN, and
other DRFN towards the end of the design process to obtain professional suggestions.
These led to redesigns of the trailer to allow for financial accessibility.

All relevant trailer information was organized into an electronic database.
Additionally, we determined that it was necessary to create a dynamic spreadsheet
tool to allow futurechanges to be made to the design. Using online tutorials and

previous Excel documents, we were able to design an effective spreadsheet.

3.3 Aftercare

Management of bush encroachment has been an ongoing challenge in
Namibia, and many attempts to coitib have been implemented. By gathering
information on these past attempts we were able to determine which methods of
aftercare needed to be explored further, and which have been unsuccessful.
Additionally, as a main focus of the CBEND projectci®atirg rural employment
opportunities, we investigated aftercare methods that would allow for further income

generation for the harvesting workers.
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Informal interviews with our sponsors, Robert Schultz and Claus Hager,
provided us with many sggstions for aétrcare methods as well as gave information
regarding the desires of farmers in Namibia. Different aftercare options were
researched in depth with constant feedback from our spongées.researched
biomass management options around the world and in Natab@entify a list of
potential plants that thrive in low rainfall environments, are fast growing, do not
contain thorns, and grow ell in the invasive bush area. It was hoped that this
research would find a replacement biofuel source other than theviexassh.

To gather further information on the subject, we contacted experts in Namibia
and worldwide. We set up a focus group with several professors at the Polytechnic of
Namibia in order to share and develop ideas as a group. Experts in Namibia were
especially helpful since many of them have already implemented aftercare programs
similar to those we were researching and therefore could provide the results of their
research. One of the attendees, Dave Joubert, had written a dissertation on bush
encrozhment in Namibia, which was particularly useful. He and another attendee,
Ibo Zimmermann, also had created a website that provides suggestions for combating
the bush encroachment problem in various areas, which helped provide suggestions
for shortterm sdutions.

We interviewed Mr. Nico de Klerk, a longstanding scholar of the bush
encroachment problem in Namibia, to obtain his expert opinions on aftercare
methods, particularly regarding shoaind midterm solutions. To acquire additional
opinions on hehicide use, we contacted Professor Klaus Kellner, an herbicide expert
from North-West University in South Africa.

The aftercare process was incorporated into the design of the, traiteder

to allow for proper storage area for the aftercare equiprivéa were able to develop
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recommendations for a threep solution as well as creating an Excel spreadsheet
containing all information gathered on the aftercare solutidghgthermore, an
aftercare fact sheet was created with information on the seleaficare
recommendations for modnciseguidance. This fact sheet is provided in Appendix

L.
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4.0 Results and Analysis

To meet our goal of improving bush harvesting job desirability, we developed
several accommodation trailer designs. By anatyzihe relative benefits and
disadvantages, we were able to select one recommendation. Additionally, we created
a user friendly dynamic costing tool with Microsoft Office Excel to assist in further
design changes.

Through our research and expert intersewve compiled a list of land
aftercare methods, outlining the effectiveness and concerns associated with each.
Through careful analysis we were able to recommend one aftercare solution as the

most appropriate for Namibian farmers.

4.1 Trailer Design Results and Discussion

In Namibia, the majority of field workers are housed in tents during the week.
These tentsdo not provide entertainment, protection from the weather, and are
considered temporary housing. In order to retain trained workers forhamasting,
we designed accommodation trailers that would provide workers with beds, television
access, refrigeration, and storage space. Through creating more permanent housing
opportunities, it is hoped that the desirability of the occupation will tiserefore
increasing worker retention rates.

We developed trailer designs basedimput from our sponsors, other DRFN
employees, background research, as well as input from Beréfolar Age, the two
companies which will be manufacturing the trailed anstalling a solar array system.

By analyzing the different ideas provided by these sources, we finalized several trailer

designs and identified one as the most appropriate solution for bush harvesting.
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While only one design was recommended, eachetrais potential for use in various

applications.

4.1.1 Amenities Determination

To determine the necessary amenities to include in the trailer design, we
interviewed Lucky Ganeb and Alex Moses, two Namibian residentey provided
many suggestions famenities to include relating to entertainment, sanitation, energy

efficiency, and cooking.

Entertainment

Ganeb and Mosesuggested the inclusion of entertainment, such as a radio,
CD player, or PC, while Robert Schultz of the DRFN suggested a telewsth
DVD player. Entertainment would increase the desirability of the job winiesting
morale The lowstress atmosphere resulting from entertainment will hopefully help
to keep good interpersonal worker relationships, contributing significantla to

healthy work environment.

Toilet Options

Through our interview, we also learn#tht having access to a toile¢arthe
trailer was a necessity in order to ensure job desirability as well as to avoid snakes and
other dangerous animals that are camiy found at night. We consulted Dr. Andreas
Wienecke, a sanitation expert at the Habitat Research Development Centre (HRDC),
on ideas for a mobile toilet system. In our informal interview, he presented options
for mobile, clean, dry toilets. Two optionthat might work best in a mobile
environment were the UDS (Urine Diversion System), and the pit toilet. While the

UDS separates solids and liquids, collecting solid waste in a biodegradable bag, the
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pit toilet simply consists of a hole in the ground angortable plastic toilet above it.
The relative advantages of each toilet are listed in Table 1. Because of the high cost
of biodegradable bags, and the ease of implementation of the pit toilet, we decided to

go with the simpler option.

Table 1: Pit vs. UDS Toilet

Toilet Type Advantages Disadvantages
Pit Toilet 1 Cheap 1 Need to dig pit
1 Lightweight 1 Possibility of Odors
9 Small i Less sanitary
UDS Toilet 1 No Odors 1 Requires Bie
9 No Setup Degradable Bags (must
be imported)
1 Larger than PiT oilet

Energy Efficiency

Another important consideration offered by Ganeb and Moses was the use of
energy efficient technology, such as the wind turbine, wood efficient stove, and solar
box cooker, in order to meet a low power budget. Following up ien\e consulted
with DB Electric, an electronics store in Windhoek, to compile a list of energy

efficient and traditional light bulbs. These options are summarized in Table 2.

Table 2: Lighting Options

Cost per Power

ltem (N$) Requirements
Eurolux 13W Bulb (EE) $28.00
Eurolux 18W Bulb (EE) $50.00 18w
Osram 14W Bulb (EE) $19.50 14W
Eurolux 45W Bulb $240.00 45W
Eurolux 85W Bulb $263.00 85W
Major tech Work light, $360.00 2x 26W
2x26W
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Ganeb and Moses also provideptions for energefficient cooking. Figure

9 shows the Vesto wood efficient stove.

Figure 9: Vesto Stove, a WootEfficient Stove

(New Dawn Engineering)
4.1.2 Trailer Specifications

Based on our amenities research, we giesil an 8person accommodation
trailer. After feedback from DRFN executives, we developlke additional
designs: the 4gerson open air, person partitioned, and the storage trailer. Each of
these designs is discussed below, with Tablsummarizingthe advantages and
disadvantages of each. Additionally, technical drawings of each design may be found
in Appendix C. It should be noted that the final costs of the trailer are current
estimates from the original quotation received from Bezér, and wenreend to the
DRFN to follow up with the manufacturing company to recemere accurate

quotations for these configurations.
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Table 3: Advantages and Disadvantages ofierent Trailer D esigns

Design Advantages Disadvantages Cost($N) Daily Energy Peak
Consumption Power
8 Person 1 Inside Living 1 Not accessible | N$260,0000 3.09 kWh | 951 W
space to SMEs
4 Person 9 More accessible| 1 Greater Per N$210,000 2.93kWh | 878 W
to SMEs Man Cost
1 Inside living
space
Storage | Cheapest Desig| 1 No inside living| N$167,0000 2.87 kWh | 865 W
Trailer(Custom)| § Custom design | space
Storage Trailer | fCheaper and 1 Not N$154,0000 2.87 kWh | 865 W
(Standard) quicker customizable
production

8-Person, Open Space TrailBesign

This trailer design incorporates sleeping accommodator eight harvesting
workers along with daily amenitigbatallow for bathing and cooking. The trailer is
5.3 meters long and 2.3 meters wide, with additional storage space over the trailer
hitch. The height of the trailer is 2.4 meters, and ther floaeiling height inside is
2.0 meters. The interior of the trailer is not partitioned, allowing for adequate air
circulation, walking space and flexibility in the utilization of this space. Additionally,
next to each bed is an 80cm by 20cm windowltowaair flow in the trailer. The
slender design of the windows increases security, since they are too small for
criminals to break and enter. This design features four permanent bunk beds in the
front half and four foldable bunk beds in the rear. THeaatage to the permanent
bunk beds is the added storage capacity underneath, while the foldable beds allow for
workspace inside the trailer. In the rear of the trailer, the door folds downwards to act
as a ramp, eliminating the need for stairs.

Inside tte trailer is storage space for items sensitive to the environment. Each

worker has access to a private storage locker that holds approximately 28 liters.
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Cabinets are located towards the center of the trailer and are used for food storage as
well as eletronic control components. The design also includes a large, energy
efficient 225 liter chest freezer.

One major characteristic of tt& personaccommaodation trailer design is the
utilization of exterior space. Ample storage is located below the thsowell as over
the trailer hitch. The partitioned storage space allows for the separation of possibly
toxic herbicides from food preparation equipment, yet the shelving is adjustable to
allow for flexibility in storage. Attached to the external walltbé trailer is a large
table, which folds down to provide work space a table for eating. Additionally, a
fold-up awning is located above the table, providing shade during the day. On the
opposite side of the trailer, a shower curtain folds out of tthe ® provide privacy
while using the gravitfed shower. Solar panels are located on the roof of the trailer
to generate power.

After presenting this trailer design to DRFN employees, the largest concern
was that small and medium enterprises (SMEs) nmysee the benefit in spending an
additional large amount of capital on worker accommodations. They expressed
concern that SMEs would be forced to reduce wages to accommodate better living
conditions for workers. Given the choice, they argued, workerddwather receive

higher wages to support their families than nicer accommodations.

4 PersonOpen paceTrailer Design

Robert Schultz and the DRFN suggested a less expedspersontrailer
option, so as to be moedfordableSMEs. This trailer degn is very similar to th&
persontrailer, but much shorter. The trailer is designed to accommodate only four

people, though the included amenities are the same. The trailer is 3.3 meters long,
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with extra storage space located over the trailer hitéhpieters wide, and 2.4 meters
high, excluding the wheel height. Similar to thee8son design, the interior floor to
ceiling height is 2 meters, where the remaining space below the floor is dedicated to
storage. The layout of the trailer is also simitathe8 personcounterpart, although
the four foldable beds and workspace in the rear of the trailer are omitted. However,
the interior storage space and chest freezer remain. Additionally, the exterior
components are similar, though the solar powetesn is smaller due to the lower
power demands.

Even though the trailer is reduced in size, it should be noted that the amount of
area available to each worker is larger than that oftlpersontrailer. However,
since items such as the chest freemd television remain, with half the amount of

people, the cost per worker of the trailer is higher.

4 Person Partitioned RoomsTrailer Design

Another concern brought to our attention from the design review was that of
personal space, as these harwssteould be working and sleeping alongside each
other for extended periods of time. Therefore, we considered a partitioned trailer
design, where each worker would sleep in his individual room. However, after
preliminary design sketches, we determined tha partitioned rooms were too small
to be comfortable. Each room is only 1.2 meters wide, enough space for a bed and a
small aisle.

Because thisrailer is comparable in size to tBepersordesign the per person
costis nearly double that of th&persontrailer. Due to the associated costs and tight
space, we determined that this design was unfeasible and unrealistic. Robert Schultz

agreed that although the partitioned space would allow for additional privacy, the
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tight compartments would not kadtractive to the harvesting workers. Due to these

limitations, we did not look into this design further.

Storage Trailer Design

Because otoncerns involving SMEs and their desire or ability to purchase a
large trailer, we decided to create a trailessige that was less expensive than
previous models, yet was still able to provide some basic amenities. The large storage
trailer was designed to supplement the current tent accommodations by providing
freezer space, power, and dry storage space for fubgersonal items.

The resulting trailer is 1.5 meters long, with additional storage space over the
trailer hitch, 1.2 meters wide, and 1.2 meters high, excluding wheel height. The
included chest freezer allows fémod storage, and is on a rolling piatm to allow
accesgrom outside of the trailer, creating storage space above the freezer. Similarly,
batteries for power storage are located overatkle, and slide out for access. The
remaining trailer space is devoted to storage for equipment, éouditems such as
chairs. The equipment is separated on one half of the trailer to prevent possible
contamination of food and personal items.

In addition to the custom storage trailer manufactured by Bezér, we also
discussed the possibility of a standastbrage trailer, manufactured by a South
African company, Venter. The pfabricated trailers provide SMEs with a cheap and
available solution for storage. Additionally, many models already exist on the market
to fit various needs. We specifically lomi into the Hawker trailer. This trailer is
2.13 meters long, 1.53 meters wide, and 2.1 meters high. This design allows for

adequate storage space, including space for a chest freezer. However, custom work
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may be required to install shelving, a shadaiag, and a work table. Additionally, a
solar power system would need to be installed.

Although the storage trailers will not provide sleeping quaiteside, it is still
an important design for better accommodating rural workers. Currently, thetlarges
gualm with residing in tents is the lack of provisions. By providing workers with
refrigeration, entertainment, and electricity, it will lessen the burden of living in the
bush for extended periods of time. Though sleeping inside a trailer may lueghe i
solution, smaller storage trailers woudtll be invaluable to workers, as they would
provide amenities the workers will needThese storage trailers may ald®
implemented as a starting point to improving worker conditions, thigheventual

hopeof implementing larger accommodation trailersa wide scale.

4.1.3 Bezér Manufacturing

Bezér, a trailer manufacturing company in Windhoek, provided us with a base
guotation for the originaB persontrailer. This price included the manufacturing,
beds, doubleaxle design, solar power system, trailer hitch, and air brakes. Including
15% VAT, the cost of the trailer was quoted at N$241,500.

After designing three possible trailers, we formally requested a quotation on
each design, itemized in ordéo allow for future changes. In this request, we
provided a thorough breakdown of each component for the three different designs.
Unfortunately, BezéManufacturing did not return a quotation in time for discussion
in this report. We recommend that tB&FN acquires the quotations for accurate

figures.
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4.1.4 Solar Age

Solar Age Namibia provided us with recommendations on energy efficient
refrigeration as well as power generation equipment. After selecting the features to be
included in the origina8 persontrailer, we determined that 5.8 kWh of energy was
necessary. Solar Age reported that for this power demand, 14 solar panels were
needed, with each panel being 1.4 x 0.64 meters.

After reanalyzing the power consumption of the trailer designsseaded
down the daily energy demands for each trailer:&hmersonrequired 3.1 kWh, and
the4 persorrequired 2.9 kWh. From these energy demands, we contacted Solar Age
to request n@ quotations on these systems. Unfortunately, Solar Age did nohretur
guotations to us in a timely manner; we again recommend to the DRFN to follow up

with Solar Age to receive the updated quotations.

4.2 Trailer Selection

Although each of the trailer designs has its benefits, not all are applicable for
bush harvesting. Specifically, since the harvesting teams will consist of eight
laborers, it would be more cost effective to utilizeSapersortrailer, rather than thé
personoption. Additionally, farmers prefer to have hired workers to be in a central
location whie on their farms, rather than scattered in tents. Therefore, we
recommend that the bush harvesters be housed & @ersontrailer configuration.

This would cost the SME approximatadN$260,000. However, this capital will be
used to treat workers mofairly, resulting in content workers, which would lead to
higher productivity and worker retention. In an undesirable job such as bush

harvesting, it is important to have minimal worker turnover rates in order to keep
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training costs low and productivityigh. The utilization of an accommodation trailer
with protected sleeping quarters will increase the desirability of this occupation, as

well as help ensure the sustainability of the industry. Two technical drawings of the

final recommended trailer arevgin below in Figures 10 and 11.
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The important advantage to tBepersontrailer design is its flexibility. The
storage space was created to be flexible, to allow for numerous of uses. Additionally,
the workspace inside the trailer provides shelter during poor weather. It is also
important to note that the exterior of the trailas utilized for workspace and
cooking space, which allows for an overall smaller trailer, saving money.

The flexibility of all the trailer designs is an important aspect. Although we
determined that th8 persontrailer was most effective for a bush hasting team,
each trailer has potential uses in other applications. While designing the trailers, we
determined that it was necessary for trailers to have numerous uses, which would
allow for their flexibility. This would allow SMESs to purchase accommumfatrailers
and use them in different applications if one endeavor fails, resulting in less capital
loss. Creating a trailer design that may only be used for bush harvesting will lock
SMEs into the growing industry, which may not deem financially viable.

Additionally, each trailer provides rural workers with better accommodation
than current conditions. The line trailers provide shelter, allowing workers to
abandon their tents that provide little protection from the elements. However, each
trailer design, including the storage trailers, prowtasic amenities that are currently
lacking from tent accommodations. These trailers provide refrigeration to preserve
food, electricity to provide lighting for safety, and entertainmeelieving workers
from the idle nature of their jobs.

Although these trailers were designed for bush laters working in rural
areas, they will hopefully be implemented in a variety of applicationbe Hush
harvesting system should be considered a model for all of Namghia wor k er
accommodation. The airrent tent accommodatisracrossNamibia do not provide

workers with sufficient provisions Widespread implementation of accommodation
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trailers wouldtreat workers with greater respect, creatirgglthy environmentand

allowing for higher productivity and retention rates

4.3 Chipper Selection

Through conversation with Shaughn Frost from ¥@sele, a South Africa
Chipper Distributor, we were able to research various chippers for bush harvesting.
He recommended that asd style chipper be utilized, because it is more efficient at
shredding harder woods (such as the invasive bush), as well as more fuel efficient
than the drum style chippers. He specifically suggested the Bandit model 200XP or
250XP with Caterpillar enges. Both of these options are able to handle 300mm
material, suitable for the invasive bush. The different engine options for these models

are summarized ifiable4.

Table 4: Comparison of Chipper Types and Engines

Chipper Model Capacity Hopper Dim Horsepower Cost ($N)

Brandit 300 mm | 737 x889 | Caterpillar | 86 HP $198,880.00

Model 200+: mm Diesel

RCO668-247 2054C

Brandit 300 mm | 737 x889 | Caterpillar | 115 HP $211,040.00

Model 200+: mm Diesel

RCO670-249 3054ET

Brandit 300 mm | 737 x889 | Caterpillar | 130 HP $218,640.00

Model 200+: mm Diesel

RCO672-251 3054C

Brandit 300 mm | 737 x889 | Caterpillar | 140 HP $220,560.00

Model 200+: mm Diesel

RCO674-253 3054E

Brandit 300 mm | 737 x 1626 | Caterpillar | 86 HP $216,320.00

Model 250: mm Diesel

RCO668-247 2054C

Brandit 300 mm | 737 x 1626 | Caterpillar | 115 HP gt

Model 250: mm Diesel

RCO670-249 3054ET

T 300 mm | 737 x 1626 | Caterpillar | 130 HP 2000

Model 250: i

RCO672-251 mm 5)6e554e(I:

I\B/Ira(;|‘1<1:it2 - 300 mm | 737 x 163 | Caterpillar | 140 HP $238,000.00
ode : i

RCO674-253 mm gé%sfé
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The key difference between the 200XP and 250XP models is the machine size. The
250XP model has a larger feed opening, increasing the overall capacity. Additionally,
the feed wheel in the 250XP modellésger, further increasing the capacity. Each
model also has a variety of available engines. The main difference between each
engine is the output horsepower. In general, the higher the horsepower, the quicker
the brush may be chipped. Each of thespris is appropriate for bush harvesting,

however more research should be conducted to determine the necessary power.
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4.4 Dynamic Costing Tool

As the CBEND project progresses, equipment, worker team size, and other
aspects of the bush harvesting sgstemay change. Hence, one static
recommendation for a complete trailer design may not be appropriate. To address
this, we have developed an interactive spreadsheet tool that allows the user to
customize the trailer design by choosing from different appsand design options.

The dynamic nature of this tool allows the DRFN, or any other organization, to adjust
our final recommendation to suit future project specifications. This tool is also
expandable, so that the user can add technology and appltarsesspecific needs.
This allows for the design of a trailer for other applications, such as a mobile medical
clinic or emergency housing during natural disasters.

The costing tool has a database containing information on each appliance.
This information is organized in categories according to appliance type, in order to
allow the user to easily find and expand appliance options. The tool also has an
interface which allows the user to select different items from drop down menus.

Based on theseedisions, the tool then outputs detailed cost and power breakdowns.

Data Input

The data input screen allows the user to chdase different options. Figure
12 shows a part of the input screen which allows the user to change lighting options.
Benath each input box is a hyperlink to allow the user to easily access the database,

where they may add more appliances and information for expandable use.
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Lighting

Oty ltem Unit Cost  Power (W) Hours Used
1 |Eur|:|Iu:-: 13 t] ME2E 13 W 4

4 |E|_|r|:|I|_|:-: 450 t] ME240 45 W 4

a |N|:|ne t] M0 O W 0

1 |Majn:ur tech '-.-'u'nrklit{l] ME360 h2 W 2

0 | |mare ] nso 0w 1

0 | mone =] w30 0 W 1

Click to add lighting options

Figure 12: Lighting Input Box from Spreadsheet Tool

Scrolling down allowg the user to change other options relating to water and personal
storage, power tools, refrigeration, and entertainment. Any changes made can then be
saved under a certain configuration name, as shown in Figure 13. This allows several

different configuations to be saved and loaded for different applications.

Reset Config Delete Config

oave Config Load Config

Figure 13: Save and Loading Buttons from Spreadsheet Tool

Data Output

Based upon input data, the dynamic costing tool gives a detailed breakdown of
costs, as showim Appendix D The cosbreakdown immediately shows which items
have been selected and how much they cost. The user can see which categories of

appliances are the most expensive, and where costs can be reduced. Additionally, the
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preconfigured formatting Elws the user to immediately print the cost breakdown for
use at budget meetings or for filing.

Similarly, the spreadsheet generates a power breakdown, as shown in
AppendixE. This breakdown details the power consumption of each device. This
automatcally generated list is ideal for providing information on power needs to

companies such as Solar Age Namibia.

Other Features

The spreadsheet tool is designed for simple user input. The box setup allows a
visual approach, contrasting from the typicptemdsheets Excel is often used for.
Navigation buttons are provided on the top of each screen to allow the user to easily
travel between different worksheets. Additionally, a small walkthrough tutorial
exists, accessible by another button. This tutalbbws users to receive a brief
introduction to each screen, and the available functionality.

Another feature is the visual display features for graphically representing data.
As configurations are stored, bar graphs for cost, daily energy consuigatid peak
power use are generated to compare the various configurations. This allows the user
clear comparison between the different configurations. Additionally, two pie charts

are configured to display the cost breakdown as well as the peak powakddne.
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4.5 Aftercare

In order to ensure the sustainability of the harvesting industry, proper
harvesting techniques and aftercare methods need to beéousssfythe farmers. If
the desires of the farmer are not met, the industry will not succesdodlack of
cooperation. Furthermore, proper techniques need to be followed to promote a healthy
ecosystem. If too much bush is harvested at one time, the land will lack biodiversity,
which allows species to become invasive. With this in mind, we r@sedmethods
to encowage healthy harvesting of larehd techniques to be implemented post
harvesting that will satisfy farmers.

Through research and interviews, we compiled many aftercare options. These
options were then compared using Excel tables. Aftstussing these choices with

experts, we selected the final techniques for recommendations.

4.5.1 Short-term options

A shortterm solution would be implemented immediately after harvesting the
invasive bush. This stage of the aftercare process isrtang for preparing the land
for the implementation of longerm techniques. Furthermore, this stage would be

implemented by the harvesting laborers, increasing their potential for profits.

Herbicides

Herbicides have been used for years to contreasive bush in Namibia.
While this aftercare method has had varying degrees of success, it is one of the best
options for a shorterm solution to bush encroachment. The most commonly used

herbicides in Namibia to combat the invasive bush are locateddle 5
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Table 5: Common Herbicidal Products for Bush Control in Southern Africa

(Kellner, 2008)

Chemical Active Active Type of

Supplier/

Trade ingredient  Ingredient(s)Content Formulation Distributor

Name
Access

Picloram

(pure)
240 g/ |

SL

Dow AgroSciences/

(potassium Ecoguard Distributors
salt)
Bromacil Bromacil 100 g/ kg GR Sanachem
G10
Buschwacker| Bromacil 800 g/ kg WP Enviro Industries
Garlon 4 Triclopyr 480 g/ | EC Dow
(butoxyl AgroSciences/Efekto
ethyl ester)
Hyvar X Bromacil 800 g/ kg WP DuPont
Hyvar XG10 | Bromacil 100 g/ kg GR DuPont
Molopo(old | Tebuthiuron | 200 g/ kg GG Sanachem
Graslan 20P/
Grazer GG)
Molopo SC | Tebuthiuron | 500 g/ | SC Sanachem
(old Reclaim/
Grazer SC)
Savana 500 | Bromacil/ 250 g/l / SC Sanachem
SC Tebuthiuron
2504/l
Tordon Picloram 120/ 240 ¢/ | oL Dow AgroSciences
Super (iso octyl
ester)/
triclopyr
(butoxyl
ethyl ester)
Ustilan 10 Ethidimuron | 100 g/ kg GR Bayer
GR
Ustilan 20 Ethidimuron | 200 g/ kg GG Bayer
GG
Ustilan 70 Ethidimuron | 700 g/ kg WP Bayer
WP

Abbreviations: EC = Emulsifiable Concentrate, SC = Suspension Concentrate, SL = Soluble
Concentrate, GG = Macro Granule, GR = Granule, OL = Oil Miscible Liquid, WP = Wettable

Powder

In Namibia, chemical control of the invasive bush is carrietl lpu aerial

application as well as by hand (MET, 2008)otlB methods have been effectiaad

the method of application is generally based on the amount of area needing to be

covered, funds available, and dsaility of a labor force Aerial applicationgend to
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be less labor intensiyevhile more expensivehaan hand spraying;dwever, when
treating large amounts of landerial application can be the more cost effective
option. This research also determined that using herbicides as an aftercare method
increased net income of livestock farmers by more than 700% in some areas.

It is estimated that the density of grasses in an area after herbicidal aftercare
will increase by 20€100% (MET, 2008). This translates into approximately a N$56
financial gain gr hectare after this aftercare treatment has been applied. Furthermore,
using herbicidal treatment is relatively fast and can be selective, if applied by hand.
Herbicides can remain effective at suppressing seedling regeneration for up to five
years.

Dave Joubert, a professor in the Department of Nature Conservation at the
Polytechnic of Namibia, created a bush management website that provides detailed
suggestions for specific bush encroachment situations (Joubert et. al., 2007). This
website can be usddy answering questions about the encroachment problem in a
specific area. The design of the questionnaire is laid out in a flow chagpendix
O. After completing this questionnaire for the northern region, the area targeted for
bush harvesting by thBeRFN, three herbicide solutions were suggested: Molopo SC
(spray application herbicide), Molopo GG (aerial application herbicide), and Savanna
SC (spray application herbicide). The advantage of using a handheld spray such as
Molopo SC or Savanna SC is thhe applier can be more selective. Additionally,
Molopo SC, out of the two, is less expensive. However, if there is high clay content in
the soil, Molopo SC is not as effective as Savanna SC. The ugeagf application
was suggested because the harvesteuld easily implement it, and it is also less

expensive than aerial application
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Nico de Klerk, alongstanding scholar of the bush encroachment problem in
Namibia, also found that herbicides are very effective in combating bush
encroachmentfFurthermore an environmental impact survey wesnductedby the
Ministry of Environment and Tourismon herbicides used in Namibiavhich
concluded that there are no significant toxic residaesvater and meat quality
concerns (persom. with Nico de Klerk, March Q08) However, de Klerk did note
that midterm and longerm solutions need to be put in place as well, to ensure that
regrowth will not occur.

During the focus group discussion on aftercare, the effectiveness of herbicides
was analyzed. The herbicide Rimm commercialname Acces$ was suggested by
Mr. Ibo Zimmermann of the Polytechnic of Namibia, and was then generally agreed
upon by others in the groufSome advantages Ricloramare that itis deliveredvia
a hand held sprayers applied to thetamps andis colored so that progress can be
monitoredandover applicatiorcan beavoided. It has been proven to kitle majority
of invasive bush specigyet does not damage surroundinggetation (perscom.
with 1. Zimmermann, April 2008). Based dhese characteristics, it is believed that
Picloramwould be the most effective and cost efficient herbicide to be used.

There are also disadvantages to using herbicides as an aftercare treatment
(MET, 2008). While herbicides are effective in killingwanted plants, théreated
plants have shown a resistance to decay and decomposition, which can hinder the
growth of other plants in that area. Furthermore, herbicides must be properly stored
on site, and a separate space must be made for storage if om&dspn the
accommodation trailers.

A compilation of herbicides that we focused on during research is provided in

Appendix H. By organizing the research in this manner, the benefits and
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disadvantages of different herbicides are readily apparent. Aftatyzing the
different choices and taking intoonsiderationthe different expert suggestions, we
recommendedPicloram as the shorterm solution due to its known success on

invasive bush species aitd efficient application method.

Pruning

Pruningis a method wheréhe branches are removed from the bush, rather
than harvesting the entire plant. This method prevents heavy resprouting after
harvestingand easeduture harvestingpy encouragingtte bushes to grow outward
(pers.com. with Dave JoubertMarch 2008). It is also important to note that the
harvested branches need torbere than 2.5 cm idiameter to be useful for charcoal
production and that harvesting a thorny bush with 10 to 20 stems can be incredibly
difficult. By pruning, one takes &y the useful branches, leaving smaller ones to
continue growing for future harvesting.

Concerns with implementing a pruning techniguethat harvesters will not
be properly trained or willing to implement this system. It wolb&beneficial for
themfinancially b shred the whole plamluring the first harvesis opposed to just a
few branches. Furthermore, if only branches are shredded, there will be problems
trying to meet the same quota of biomaasth these concerns in mind, we do not
suggest thisystem as an aftercare method; however, it is recommended to research

this idea further.
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4.5.2 Mid-term options

Mid-term aftercare techniques occur at approximately one year after the land
has initially been harvested. The focus of #teédm optionss to control the unwanted

regrowth of the invasive bush.

Browsers

Animals, such as goats and cattle, have been used in Namibia in an attempt to
control bush encroachment (MET, 2008). It was found that goats alone decreased the
bush by 70.1%, and catthlone decreased the bush by 62.8%. However, when goats
and cattle areisedtogether, the quantity of bushes decreased by 77.8%. Since the
cattle prefer to eat the grasses, the goats are forced to eat more bushes due to
competition for grasses. An advage to using only goats, however, is tigaass
species increase dy953.6%.

There are also disadvantages to using goats. The purchase and upkeep of goats
can be expensive, and many farmers may not find the investment feasible. Nico de
Klerk agreed wih these sentiments, and added that while using browsers could be
successful in combating the bush, goats would not be a suitable solution in the long
run. While it is possible to use browsers as a bush control mechanism, a great number
of goats would be eeded to control the whole harvested area. The MET (2008) found
that fAgoats can be intr oducecgravithasadlboers sf ul |y
up to other methods like the application of herbicides, felling/stumping, and
controlled or accidental rés... [howevel...grazing pressure needs to be at a level
where the gr owt h Tokeepkrazmg pressarevfiigh,(aparge a2zndudt) .

of goats are necesygawhich iscostly.
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It was found by the Ministry of Environment and Tourism (MET, 2008} t
when given the option,efv farmersu s e br ows er s Dbdffcdtucss e fit hey
manageijt is expensive (in respect of herding or fencing), and there is theacnst
ri sk of theft and predatorso (p. 238) . Ad
on bush ardess valuablébecause their diet is not ideal for meat productidost
farmers would not want to invest in such an expensive endeavor, especially with high
levels of theft and attack by predatofSue to these many negative attributes, we do

not recommend browsers for use in an aftercare program.

Herbicides
Herbicides may also be used as a 4eitn bush control solution. After a
shortterm solution has been implemented, most of the regrowth will Heen
prevented However, because ofthel ant sé6 vast root system or
resprouting may still occur. Herbicides can then be applied to the spends
regrowth of the bushes will be halted. Due to the succeBscliframon the invasive

bushes, this herbicide was aldmwsernto berecommenddas the miekerm solution.

Pruning

Pruning, by nature, is a continuous solution. If pruning was employed as a
shortterm solution, it would be required to continue into the-tersin time period as
well. Pruning may also be used as a 4taidn solution in conjunction with another
shortterm solution. After initial regrowth is stopped through herbicides, the
remaining regrowth could then be controlled by pruning. This would keep a source of
harvestable bush in the area, and would also nfa&déushes easier to chop down.

However, it is unlikely that enough biofuel could be produced fsomply pruning
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which is why this method was not recommended for implementation. More research

should be done, however, to confirm this hypothesis.

Veld fres

We also considered the use of fire to control invasive bushes in Namibia. To
ensure an effective burn, a minimum of 1,500 to 2,000 kg of grass per hectare is
necessary (MET, 2008). However, in areas of high bush densities, these levels of
grass do nibexist, and therefore, veld fires should be used as aamiad solution and
not a shorterm solution. Furthermore, while fires have an initial kill rate of about
90% for plants up to 2 m in height, many of the invasive bushes are taller than this.
The danaged bushes will generally resprout, because their extensive root systems
would not be destroyed through burning.

Another reason for implementing veld fires as a -eitn solution in
conjunction with a shoitierm solution is that veld fires are most segsful when used
during the regrowth period. Fire prevestsed produn, and suppresses the growth
and establishment of new seedlindET, 2008). While veld fires are not as
successful at Killing fully grown trees, they haweenproven effective atiking new
seedlings.

Veld fires haveproven successfuh the past; however, there is concern that it
would be difficult convincingneighbors to work together in this endeavor, and thus
proper control would be difficult to attain (persom. with Nico de Klerk, March
2008). Without proper control of a veld fire dangerous situatioeould emergehat
would damage property and wildlife habitats. Veld fires are generally considered
undesirable by neighboring farms, due to the risk of spreadirtigeir land, making

persuadingarmers in the aregelatively difficult. In Namibia, not enough information
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is available on proper fire control to provide to farmearsid t her e ar e no

available for hire to properly implement a veld fire. Furthermdre use of veld fires
is time and season depdent. Therefore, it would be a consisterfbod midterm

solution because the conditions must be idgedrs.com. with Dave Joubert, April
2008). Due to these concernsgardingcontrol and timing, the impleemtation of

veld fire as a migerm solution is not suggested for use as an aftercare solution.

4.5.3 Long-term options

Long-term options are important for ongoing sustainability of the land and the
harvesting industry by meeting the desires of the ésm The selected lorigrm
option must also promote a healthy ecosystem. We considered several options,
including: planting biofuel plants, continuing with a pruning systeamd

implementing a land restoration system.

Planting biofuelplants

After short and midterm solutions have been implemented, it is hoped that a
long-term solution for the harvested land can be found. This could be accomplished
by planting another nemvasive species in the harvested area to replace the bush as a
fuel source. Tts new species would then remain in that area as the sustainable source
for energy, since it would not share the same undesirable characteristics as the
invasive bush. Through research and communications with plant and biomass experts,
we deweloped a listof plants that coulde introduced in the harvested areas, and
analyzed the options based on several characteristics. This information is located in
the table imMppendixN.

Through research and communicatioAsacia senegathowed promise as a

possiblesolution. It is a high value cash crop for its gum production, isimeasive,
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and native to Namibia. However, there is some apprehension regarding biomass
potential because the plant currently grows rather sparselyi@sinot have a very

high frost tolerance Due to these concernsve recommend that a test plot be
implemented to determine the succesAadcia senegah harvested areas.

Digitaria eriantha also showed promise as a solution. It is a good choice for
restoration and¢an beusel as fodde (animal feed) however, concerneemainon the
subject of its biomass potentialf it was not used for biomass, it would be more
beneficial to have a mix of native grasses instead.

The other plants researcheeere ruled out as biofuel options for vaus
reasons. These plants were eithen-native, invasive, had low biomass potential, or
would not grow well in thgproposedarea. For this reason, planting a different plant to
replace the bush was not chosen as an aftercare method

Testplotsare a vall way to show whether a method is successful or not. Test
plots have been created fAcacia senegafpers. com. D. Joubert, April 2008), but
more time is needed to discover if it is succesdfidwever, if the test plots are
successful, this aftercare thed should be considered. Additionally, although a
continuous supply of biomass is necessary to achieve a sustainabl@-elesttricity
industry, the current quantity of invasive bush in Namibia is large enough to provide
adequate power to Namibia. ttever, we recommend thaixtensiveresearchand
study be conducted to determine how many years the current invasive bush could
produce power, ang@reciselyhow long it takes the invasive bush to regrow to a

harvestable height.
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Pruning

Due to the naturef pruning it may also be considered as a ldegm option.
Instead of cutting down entire bushes at a time, only large branches would be taken
and used for fuel. This would ensure that there is always a fuel source. However, the
primary concern with thé method is that enoughiofuel will not be produced.
Furthermore, this system would require harvesting teams to be closely moimitored
orderto make sure they aredeedpruning as opposed to cutting down entire bushes.

For these reasons, pruning wat recommended as an aftercare method.

Land restoration gstem

This system focuses mainly on satisfying the desires of the farmers: to have
their land returned back to cattle grazing area (pens. with Nico de Klerk, March
2008).This desire is methrough theland restoration system. To return the land to
cattle grazing area, bags of native grass seeds would be préwitiesl farmersafter
harvesting is completeNative grasses help to lower erosion problems as well as
provide fodder for the cdé. After successful sherand midterm aftercare programs,
the grass will grow unhindered by the invasive bush. However, one disadvantage to
this program is that it requires the farmer to spread the seed, since the grasses must be
planted during the pper season. As an incentive to use the seeds, it is recommended
that the entire aftercare program, including the seeds, be a required cost in addition to
the basic harvesting price. Ideally, if the farmer has already bought the seeds, they
would use them.Properly educating farmers about land restoration and maintaining a
healthy ecosystem, through use of small education programs or pamphlets brought by
the harvesters, would help to ensure the success of this systerbelieve that this

aftercare systems the healthiest for the landy returning it to cattle grazing
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Furthermore, while this systedoes nopromote a continuous supply of biofuel, it is
the general consensus of bush encroachment experts in Namibia that there is enough
invasivebushin exidenceto sustain the industry. Therefore, we recommend that a

land restoration system be implemented as a-teng solution.

454 Recommended Aftercare Solution

In implementing an aftercare system, it is necessary for it to be desirable to the
farmea. Farmers will not be interested in buying an aftercare program unless is meets
their needs. Due to thfact, the land restoration system was choseallow theland
to be returned to cattle grazing. The land restoration system is alsmgtdenefial
to the landbecause it promotes a healthy ecosystem and biodiversity. It also increases
the profit yield of the land by providingdditionalcattle grazing area.

The land restoratiorystem needs to be kept in mind while harvesting. During
the harveshg period,at least400-600 bushes per hectare need to be kept to maintain
a healthy ecosystem (pexm.with Nico de Klerk, March 2008). This is important
to prevent erosion and promote biodiversity in the area. Therefore, restrictions on
clear cuttingneed to be strictly enforced.

The shoriterm solution that would be implemented in this system would be
the application ofPicloram herbicide. This herbicide has proven to be the most
effectivein test plots and is effective dhe majority ofinvasivebush species (pers.
com. with Ibo Zimmermann, April 2008). It also requires only one dose per stump
(MET, 2008). The use dPicloramwould also be the milerm solution implemented
approximately one year after harvesting. This would help prevent anye futur
regrowth.

The only concerns with usifgicloramare that it is a toxic chemical, however

low, and the harvesters would need to be trained on proper application and safety
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measures. Important safety information and application methods can be found in
Appendicesl, J, and K. If proper application procedures are followed and safety
measures are taken, there should be no concerns in regard to worker health or the
environment. Furthermore, this program aids in creating additional employment
opportunities, with is an important goabf the CBEND project. The harvesting
teams would be responsible for gathering seeds from the native grasses in the fall to
provideto the farmers as part of the land restoratipstesm. This would increase the
amount of work the haesting teamsre responsible forand hopefully bring them

additional income
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5.0 Conclusions
We concluded that th@ persortrailer would be the ideal accommodation for

the bushharvestingapplication, as these teanypically consist of eight workersA
trailer would provide a ventilated, safe environmérd vast improvement over the
tents currentlyin use The bathing, entertainment, cooking, and lighting amenities
provided will contribute to satisfactory worker conditipmdich will hopefully crate

a more sustainable labor force for this industAfthough there are concerns that this
design may not be financially accessilideSMES, we feel that it is the best solution
for the workers, and well worth the efforts required to purchase it.

To allow for a flexible trailer design, dependent on a predetermined budget
and number of workersye developed akxcel spreadsheet tool. This tool al®the
DRFN, or any other interested company, to input requirements for the trailer, such as
refrigeration or lighting, and obtain the detailed cost and power breakdowns
generated. From the initial results, the items can be scaled down to fit a specified
budget.

In order to ensure land sustainability and meet the desires of the faitners
was also necessary toonsider methods to treat the land after harvesting. We
conducted several interviews with experts on invasive bush to brainstorm aftercare
methods. Our sponsors requested aettstep plan including sheytmid-, and long
term solutions. Based on resultdrom a focus group conducted with bush
encroachment experts at the Polytechnic of Namib&determined than herbicide
was the best choice for the shtwtm solution, specificallyPicloram This herbicide
has proven to be effective in bush controlthe past, is highly selective due to its

spray application, and is colored so that application can be monitored. Fostermid
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solution, we decided thd&icloramshould bere-applied after th@ne year rgprouting
period.This will ensure that regrowth ¢te invasive bush does not occur.

The longterm solutionwe recommend is to implemesat land restoration
system In this systemthe land is returned to cattle grazing area. Bags of mixed grass
seeds will be given to the farmers. Native grass will jpe§vent erosion and promote
a healthy ecosystem. Furthermore, it will increase the profitability of the land by
allowing cattle to return to the area.

Although a lot of information was gathered during this project, there is still
much morethat canbe done In order to complete the CBEND project there are
several issues that must be addressed, such as future research in aftercare.
Recommendations for further research, studies, and future IQPs follow in the next

chapter.
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6.0 Recommendations
It is important to keep in mind that w trailer design and aftercare

recommendaons are theoretical in nature. Due to thig recommenduture research
to solidify the practical implementations of these id&#e.have outlined solutions to
potential problems that mgaarise. Through the use of our deliverables, such as the
dynamic costing tool and aftercare spreadsheets, the DRFN will be well eqiipped

handle such problems.

6.1 Trailer Recommendations

One important aspect that remains before implementing a@rtrdésign is
worker feedback. By interviewing rural workers, the social acceptance of these
trailers can be verified. Based on their feedback, design changes to more amiably suit
cultural norms may easily be implemented with the help of our dynamiagdsibl.
Therefore, we recommend that workers be interviewed to determine whether they
would like to live in accommodation trailer, and whether our designs would be
acceptable to them.

To assist this further research, we have supplied the DRFN caitiiboard
modek of the8 persorand4 persoraccommodation trailers, as shomnAppendix
These can be brought out in the fialdd used as a visutal talk to workers regarding
the desirability of living in an accommodation trailer. Information on thpoirtance
of adequate housings opposed to a slightly higher salary will also need to be
obtained.

Although originally designed for eight person harvesting teams in the field for
five days, the accommodation trailers have numerous potential uses8 fgéreon
trailer was ideal for harvesting teams, as it creates ample accommodation for workers.

However, some farmers, as well as uranium mine operations, have expressed interest
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in smaller versions of the trailers, housing only four laborers. The ruggeddape
makes towing larger trailers difficult and expensive and bigger trucks would be
required. The mobility of a smaller trailer would allow accommodation anywhere on
the farmland accessible by vehicle. Also, the sizeable storage space would provide
for various applications of the trailer. The solar power system is capable of powering
lights, a refrigerator, as well as power tools necessary for various types of work.
In addition to the utilization o# persortrailers on farms, these trailers would

also be suitable in numerowsherapplications. Suggestions for future research and
implementation are:

1 Namibia Roads Construction Company (RCC)

1 Mobile Medical and Testing Clinics

1 Mobile Education and Awareness Trailers

1 Emergency or Temporary Shelters
The flexible design of the trailer allows for various uses. Although similar trailers
have been utilized in the past for these applications, the trailers we designed are
unique because they may be implemented in a wide variety of ways. This would
allow busnesses and governments to invest in similar trailers and use them as needed.

A final recommendation is looking into a modular design of trailers. Since

there may be a greater demand 4fopersontrailers, a modular trailer should be
designed to allow twauch trailers to be linked together. Although currently 4he
persontrailer costs more per occupant than theersontrailer, if the trailers are
massproduced smaller trailers may become more cost effective. Additionally, in
some scenarios, compasienay have numerous persontrailers because different
operationsequirevaryingnumbers of workers. A modular trailer design would allow

for flexibility in its uses.
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6.2 Dynamic Spreadsheet Tool

One major advantage of our trailer design concept idlatsbility. Our
dynamic costing tool allows this flexibility by creating different design configurations
based on user input. To ensure maximum functionality of this tool, we recommend
further product information be included in the database. Bechasmitrent data may
limit possible designs, the spreadsheet tool was designed to allow for the addition of
extra data. Specifically, as this spreadsheet was designed for use with the harvesting
trailers, there is a need for information on other applian€asrefore, if used in

designing a medical clinic, additional information would need to be added.

6.3 Aftercare recommendation

Important aspects to keep in mind when choosing an aftercare program:

1 A manager should be onsite to oversee proper harvesthmg.will help to
ensure biodiversity remains in the area and that proper harvesting and
aftercare techniques are being used.

1 Small twigs and other biomass should be left in areas of high density
harvesting. Leaving behind some biomass is important for althye
ecosystem.

1 The desires of the farmers who own the harvested land should always be
considered. If the aftercare system that is recommended is not something the
farmer would like, they may not help to implementand it may not be
successful.

1 Introducing an alien species is highly discouraged. The introduction could lead

to further invasive plant problems. Also, most alien species have a higher
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demand for water, which would drain the already scarce ground water in the
area.

1 It would be best to pay éhharvesters per hectare cleared rather than the
weight of harvested biomass. This will help to discourage clear cutting, which

does not promote a healthy ecosystem.

We suggest that the DRFN imgment our recommended aftercaautions in
a small test jot. This is especially importarior herbicidesDetailed research on the
environmental impact dPicloramis not readily availablen Namibia.Therefore, test
plots and further research on the herbicide is recommended before widespread use.
Furthermorewhile Picloramis known to kill the majorityof the invasive plants, it
may not be the best choice for all soil conditions. Therefore, every harvesting area
should be researched thoroughly to make sure that the correct herbicide is being used.
This can bedone with small test plots at each harvesting area before the aftercare
program is put into placelFurthermore, the Excel spreadsheet on herbicides in
AppendixH can be used to guide herbicide selection.

Specifics on the make up of the grass seed mixdupplied to the farmers will
depend on additional research on the area that is being harvested, such as soil quality,
frost level, and rainfall. Native grasses vary based on region. It is crucial to survey
the area that will be harvested for native gegsand collect the seeds during the
correct season to be provided to the farmers.

Further research also needs to be conducted to ensure the sustaiogatiie
harvesting industryMost bush encroachment expeits Namibia believe that the
invasive bsh is so plentiful, that harvesting for electricity production will not

completelyeradicate itHowever, more research should be done on this topic. If it is
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found that the bush is not a sustainable resource with the recommended aftercare
system, it is pssible that areas of farms should allow the bush to regfier
harvesting Those areas could thdre rédharvested 280 years after the first harvest
(pers.com.with Dave Joubert, April 2008)

In addition to letting the bush regrow, other aftercargmms to promote the
i ndustryds sust ai nab Rthertrgseachiota potentiab ligh | o o k e d
biomass yielding plantshould beconductedas well as looking into the option of
pruning. Potential biofuel plant research can be continued from tbempiled
information gathered on this topic, found Mppendix N. Pruning may be a good
option to maintain sustainabilityf harvesters only prune the trees for biomass and
leave the main trunkpers.com.with Dave Joubert, April 2008). his system would
then provide fuel for the next harvest in that same artawvever, he questiorstill
remains as to whether or not pruning will provide the harvesting teams with enough
biomass to make a continued profiturkher researchould provide useful elucidation
on this topic.

Sincethis project focused on aggregating information on aftercare methods,
no test plot experiments have been conducted, and so the effectiveness of the
recommended aftercare program cannot be guarantéadthis reason, continuation
of research before implementation is crucial. The provided Excel documents on
aftercare research should prove particularly important if changes need to be made to
the program due to unforeseen problems. However, through thorough research and

implementatiorof test plots, a solution should be found.
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Appendices:
Appendix A: The DRFN

Project Sponsor Information: The Desert Research Foundation of Namibia

The Desert Research Foundation of Namibia (DRFN, 2007) began as a small
research station in 1963 called The &¢dcological Research Unit (DERU). The
DERU became the prominent research foundation for the Namib Desert. In 1990, the
same year Namibia gained independence, the DERU became known as the DRFN.
Today the organization continues to use its knowledgehef Namib Desert to
facilitate the development of the country.

The DRFN is an independent, rgovernmental research organization, which
ai ms erthance décisiemaking for sustainable development through research,
training and consultancy in the cowisr land, water and energy sectors ( DRF N,
2007, Mission). While this mission is broad, it focuses on providing opportunities for
communities, villages, and individuals who are struggling with the harsh environment
to improve their lifestyles.

The DRFNis divided into three sectors, the land, water, and energy desks
(DRFN, 2007). The energy and land sectors are currently focusing on finding a
solution to the Northern Namibian invasive bush problem, which encroaches on
agriculture, cattle grazing, and oetl habitats. A current system for harvesting the
bush is either inefficient or does not exist. The DRFN has a rich history of providing
environmental evaluations as well as education and teaching proghdms
experience will help guide the people odibia to solvahe invasive busproblem

in an independent and sustainable manner.
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The DRFN is managed according to the M8, a group made up of directors
from various divisions within the organizatigpRFN, 2007) while the policy of the
foundation lieswith a Board of Trustees. The activities of the DRFN fall into four
basic categories: community based programs; research, synthesis, and networking;
environmental impact assessments; and environmental education and awareness.
There are many posloctoral esearchers, graduates, pgstduates, field assistants,

di pl omat s, volunteer s, and | aborer s, al |
possible. There are approximately 35 permanent employees working for the DRFN,
with other parttime assistants @nvolunteers focusing on specific projects.

Although the DRFN is a negovernmental organization, they are often
consulted by the government for policy making and to provide recommendations for
both the public and private sectors to encourage sustaidabkdopment (DRFN,
2007). The DRFN is currently working on the CBEND project, which aims to solve
the bush encroachment problem. The bush encroachment project is funded by the
National Planning Commission Secretariat, the European Commission, the Namibia
Agriculture Union, and the Namibia National Farmers Union. Additionally, the
foundation is working alongside the Nami
Control Board, NamPower, the Ministry of Lands, and the Ministry of Agricuture
Directorate of Brestry to help find a solution to the invasive bush problem.

The DRFN prides itself in finding solutions to the problems of the Namibian
people(DRFN, 2007) Their knowledge and experience in the land and energy sectors
will help provide a solution to # bush encroachment problem and create a viable
power source for Namibia. Through their education and programs, they strive to not

only solve the problem today, but also to ensure its continuation into tomorrow.
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Appendix B: Contact Information

1. Amwele, Hilma
Background:ProfessoHilma in the Department of Agriculture at the
Polytechnic of NamibiaShe provided valuable aftercare suggestions.

Contact:Landline: 061 207 2173
Email: hamwele@polytechnic.edha

2. Bezuidenhout Johny and Dudley
Background:Johny and Dudlegre the manager and costimator,
respectivelyofBeZ&x 6 s Trail er and &érdthetr@leraft Compa
manufacturer that will be used to make the trailer. They provided acalstsis
of the trailer as well as suggestions for design.

Contact:Landline: 061 21 6274/87
Email:johny@bezers.cormnddudley@bezers.com
Cell: 081 124 1398 (Johny)
081 129 0424 (Dudley)

3. Brewer, Bruce, Ph.D
BackgroundDr. Brewer works for the Cheetah Conservation Fund and is in
charge of the CCF BushBloks project. He has also been the general manager
since 1998.

Contact:Landline: 067 30 6225
Email: brucebrewer@ Bushblok.com
cheeta@iafrica.com.na
babrewer@ix.netcom.com
Cell: 081 124 7799

4. Conroy, Andrew B., Ph.D
Backgrouml: Dr. Conroy is a Fulbright from the University of New Hampshire

lecturing in the Department of Agriculture at the Polytechnic of Namibia. Dr.
Conroy provided information on aftercare programs.

Contact:Landline: 061 207 2710
Email: aconroy@polytechnic.edu.na
Cell: 085 555 3470

5. Curtis, Barbara
Background:Mrs. Curtis worked at the NBRI, specifically on the Namibian
Tree Atlas project. Currently she works at the Polytechnic of Namibia in the
Departmenbf Nature Conservation as a lecturer. She provided insight into
possible native plants to replace the invasive bush after it is cleared out by the
harvesting teamand attended our focus group

Contact:Landline: 061 207 2188
Email: becurtis@polytechnic.edu.na
Cell: 081 222 8686
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6. DB Lighting
Background DB Lighting is a lighting store located in Windhoek that carries a
line of energy efficient light bulbs. We visited the store to get prices for lighting
in the trailer.

Contact:Landline: 061 27 1890

7. Frost, Shaughn
BackgroundEmployee at South Afrac 6 s -CyclegaeChipper distributor. He
has worked with other Namibian organizations to recommend appropriate

chippers for the thorny bush.

Contact:Landline: 27 21 930 4555
Mobile: 082 338 8951
Fax: 27 21 930 4216
Email:info@treecycle.co.za

8. lleka, Helvi
BackgroundMember of the Management team at Solar Age Namibia who

provided a cost breakdown for installing solar panels given the amount of power
the trailer will demand. Solar Age will install the egg systenon thetrailer
upon its completion.

Contact:Landline: 061 215 809
Email: Helvi@solarage.com
Fax: 061 215 793

9. Jankowitz, Willem, Ph.D
BackgroundProfessor in the Department of Nature Conservatidhe
Polytechnic of Namibia. He provided valuable aftercare suggestions.

Contact:Landline: 061 207 2031
Email: wjankowitz@polytechnic.edu.na

10.Joubert, Dave
Background:Mr. Joubert is a lecturenithe Department of Nature Conservation

at the Polytechnic of Namibia. Mr. Joubert has done extensive research into the
invasive bush in Northern Namibia, specifically on Aeacia mellifera Mr.

Joubert created the Chameleon Bush Encroachment Wiki pncgyrailable

online that give suggestions for aftercare programs. He also provided
suggestions through communications.

Contact:Landline: 061 207 2462
Email: djoubert@polytechnic.edu.na

11.Kellner, Klaus
Background:Prof. Kellner has been teaching at Nevtkest University in South
Africa in Terrestrial Plant Ecology since 1988 specializes idegradation
and desertification of the aridnd semiarid rangelands, as well as the
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restoration and rehabilitan of degraded rangelands. He also created the

EcoRestore program throughthe Nevite st Uni ver siBugh i ncl udin
Experto online program which provides val
bush encroachment. Prof. Kellner provided valuable suiggessbn aftercare

programs as well as information on further contacts.

Contact:Landline:+27 18 299 2510
Email: klaus.kellner@nwiac.za

12.de Klerk, Nico
Background:Mr. de Klerk worked for the Ministry of Environmeahd
Tourism, specifically researching the effect of bush encroachment on Namibia.
Mr. de Klerk provided valuable information on what types of aftercare have
been used in #past and their success rates.

Contact:Landline: 061 25 1853
Cell: 081 128 3432

13. Smith, Elaine Sjalome
Background:Ms. Smith is the Manager of Research and Development for the
Namibia Agricultural UnionShe provided contact information on farmers who
currently implement aftercare systems.

Contact:Landline: 061 237 838/
Email: elaine@agrinamibia.com.na

14.Wienecke Andreas, Ph.D
BackgroundDr. Wienecke works for thelabitat Research and Development
Centrein Windhoek. He is an expert on environmentally friendly dry toilets. He
was contacted about possible toilets to implement in the trailer and provided
suggestion for a portable, small, dry toilet as well as ideas for privacy.

Contact:Landline: 061 26 8211 or 061 26 8200
Email: awienecke@hrdoa.iway.na

15.Zimmermann, Ibo
BackgroundProfessor in the Department of Agriculture at the Polytechnic of
Namibia. He provided valuable aftercare suggestionbattended our focus

group

Contact:Landline: 061 207 2461
Email:izimmermann@polytechnic.edu.na
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Appendix C: Request for Proposal to Bezér Manufacturing

DRFN
Jon Baldiga
jpaldiga@wpi.edunbt08@wpi.edu
18 April 2008

Request for Quotation
Bez°ros Trailer & Body Craft

The Desert Reseeln Foundation of Namibia (DRFNis determining options for
accommodation trailers used by bush harvesters. The purpose of these documents is
to provide Bezér Maufacturing specifications on possible design configurations, as
well as necessary components. Included in this packet are three possible trailer
designs:

1 8 Person livan trailer
1 4 Person livan trailer
9 Storage trailer (O occupancy)

Each design shoulsheet the following specifications:

1 Any and all road requirementsnust meet all legal guidelines for trailers,
including, but not limited to, braking system, warning lights, weight and size
requirements

Equipped with a hitch for towing
Sturdy for use oulirt roads

Able to support weight of chest freezer, hgursons (if applicable), and light
harvesting equipment

= =4 =9

Additionally, the trailer must be able to support a solar power system, though Bez
will not be responsible for the installation of saidtsys.

9 Able to house a solar power system, including any necessary components

1 Able to support weight of solar system on roof

1 Able to support battery storageiX, 12kg batteries), preferably over the
axle(s)

The three designs are further detailed belovwhwpecific requirements and items to
be included in the design.

We would like a quotation for each one of these designs, preferably itemized in order
to see the costs of each feature (such as storage space, cabinets, etc). This will greatly
help us as e finalize our design.

Thank you in advance for providing these gquotations!

Sincerely,

Jon Baldiga
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8 PersonLive-in Trailer

This design is intended to house 8 employees. Overall the trailer is 5.3 meters long,

2.3 meters wide, and 2.4 meters high (eding wheel height). Additionally, over the

trailer hitch, extra storage space should be included. Inside the trailer, the floor to

ceiling height is 2 meters, where the remaining 400 mm is storage space below the

floor. The following components shoubed implemented:

T
T
1

4 Permanent Bunk Beds

4 Foldable Bunk Beds

Cabinet space

8 Windows

Door in the rear

Folding Table fixed to the outside
ExtendableAwning for shade

Collapsible shower curtain and shower head

Partitioned storage space with adjustable hespktving
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Interior Top View
8 Person Trailer

Figure 14: 8 Persontrailer top view

2300mm.
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Figure 15: 8 Persontrailer exterior left side view
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Interior Left Side View
8 Person Trailer

Cabinet Space
(Electronic Controls)

Permanent Bed

Batteries

Chest Freezer

Foldable Bed
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Figure 16: 8 Persontrailer interior left side view
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Figure 17: 8 Persontrailer exterior right side view
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Fold-Down Door  ~4-

Exterior Rear View
8 Person Trailer
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625mm.
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Figure 18: 8 Persontrailer exterior rear view
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Exterior Top View
8 Person Trailer
5300 mim

Shower Area
— Solar Panels
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Figure 19: 8 Persontrailer exterior top view

Water Tank for Shower
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4 PersonLive-in Trailer

This design is inteshed to house 4 employees. It is nearly identical to the 8 Person
design, just smallein length. Overall the trailer is 3.3 meters long, 2.3 meters wide,
and 2.4 meters high (excluding wheel height). Additionally, over the trailer hitch,
extra storagepace should be included. Inside the trailer, the floor to ceiling height is
2 meters, where the remaining 400 mm is storage space below the floor. The
following components should be implemented:

1 4 Permanent Bunk Beds

9 Cabinet space

1 4 Windows

9 Door in therear

1 Folding table fixed to the outside

1 Extendableawningfor shade

91 Collapsible shower curtain and shower head

9 Partitioned storage space with adjustable height shelving
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Interior Top View
4 Person Trailer
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Beds (Electronic Controls)
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Figure 20: 4 Persontrailer interior top view
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Interior Left Side View
4 Person Trailer
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Figure 21: 4 Persontrailer interior left side view
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Figure 22: 4 Persontrailer exterior side view
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Exterior Left Side View
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Figure 23: 4 Persontrailer exterior left side view
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Fold-Down Door

Exterior Rear View
4 Person Trailer
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Figure 24: 4 Persontrailer exterior rear view
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Exterior Top View
4 Person Trailer

2300 mm

L Water Tank for Shower

Figure 25: 4 Persontrailer exterior top view
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Unoccupied Storagelrailer

The storage trailer is designed to accommodate any storageaiekd workers for a
week. The trailerd 1.5 meters long, with additional storage over the hitch, 1.2 meters
wide, and 1.2 meters high. The following components should be implemented:

1 Extendableawningfor shade

91 Collapsible shower curtain and shower head

1 Partitioned storage space with adjustaieight shelving

1 Space for a large chest freezer in the reat {TWxD66.5 xH87.6 cm)

1 Rollers underneath freezer to allow freezer to slide out of trailer to open

1 Rollers underneath battery storage to allow battery access
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Exterior Top View
0 Person Trailer

2100mm
Chest Freezer
1500mm (on rollers to slide
/ out of trailer)
Tents, Cooking
Equipment, Food L.
Storage
£
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Storage <4
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Equipment, tools L &70mm.
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Figure 26: O persontrailer exterior top view
Exterior Rear View
0 Person Trailer
Personal
Storage
Lockers

Chest Freezer
(on rollers)

Figure 27: 0 persontrailer exterior rear view
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Exterior Left View
0 Person Trailer

2100mm.
Personal Storage

1500mm /_ Lockers

Chest Freezer (on
rollers to slide out

o /— of trailer)
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table 830mm.
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Figure 28: 0 Persontrailer exterior left view

Exterior Right View
0 Person Trailer

2100mm
1500mm

Personal Storage
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/
1200mm.

Battery Storage
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access

Figure 29: 0 Persontrail er exterior right view

92



Appendix D: Dynamic Spreadsheet Cost Breakdown Output Screen

Table 6: Dynamic Spreadsheet Cost Breakdown Output Screen

e el oy s,

Eurolux 13W N$28.00 1 N$28.00

Eurolux 45W N$240.00 4 N$960.00

Major tech Work light, 2x26W N$360.00 1 N$360.00
Okahandja 500 Liter Transport N$1,329.74 N$3,989.22

Freezer: SunDanzer DCF165 N$8,392.00 N$8,392.00
80012SV-U N$400.00 8 N$3,200.00

N$1,543.68 1 N$1,543.68
N$400.00 0 N$0.00

Apex Camping Stool ST-G-140 N$71.60 N$572.80
None N$0.00 N$0.00

N$232.00 N$232.00

Northern Industrial Bench Grinder 1/2 N$480.00 1 N$480.00

Television | Sylvania 15" LCD HDTV/DVD Combo
DVD Player Toshiba S-D4000
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Appendix E: Dynamic Spreadsheet Power Breakdown Output Screen

Table 7: Dynamic Spreadsheet Power Breakawn Output Screen

Eurolux 13W
Eurolux 45W
Eurolux 85W

Major tech Work light, 2x26W

Freezer: SunDanzer DCF165

Sylvania 15" LCD HDTV/DVD Combo

5.00 hrs/day
4.00 hrs/day
2.00 hrs/day
2.00 hrs/day

2.00 hrs/day

TOTAL:

P NDNDNDN

3.20 kWhrs

0.13 kWhrs
0.36 kWhrs
0.34 kWhrs
0.10 kWhrs

8.00 hrs/day

0.77 kWhrs

0.09 kWhrs

1184 W

26 W
90 W
170 W
52 W

DewaltDW756 6" Heavy Duty 2.00 hrs/day 0.93 kWhrs

Outlets for Employeee Use

(Shavers, Etc)

2.00 hrs/day

0.48 kWhrs



Appendix F: Trailer Models to Gauge Worker Interest

Figure 30: 8 Person Trailer Model

Figure 31: 4 Person Trailer Model
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