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1 Executive Summary

Namibia is challenged by a massive bush encroachment problem that affects mean-
while 26 - 30 million ha of farmland. Numerous studies give evidence of the negative
environmental and economic effects of this phenomenon for the farming community,
and the country at large. It has been estimated that through loss of agricultural produc-
tivity, the bush encroachment results in overall economic losses of 1.6 billion N$ per

year”.

At the same time the bush encroachment constitutes an immense economic opportuni-
ty and energetic asset. Effective counter measures through debushing programs and
supporting value chains have the potential to mobilize the inherent development poten-
tial. Direct effects include but are not limited (a) to increase agricultural productivity, (b)
to develop new economic value chains with benefits for the national economy, (c) to
create new employment opportunities in rural environments and (d) to improve the na-
tional energy supply base. The latter has the potential to increase energetic self suffi-
ciency and, importantly, to bridge a demand gap of energy provision to be expected to

take effect as from 2016 at latest.

The latter requires swift measures in support of energetic utilization of Namibian bio-
mass for power generation. The enhanced know how based on extensive research
being conducted over the past years, the availability of technical expertise and the
commitment of national and international stakeholders support the realization of pilot

investments, with the potential to subsequent roll out.

The identified biomass utilization options focus on local consumption and, as second
priority only, on export opportunities. The local utilization of biomass for power genera-
tion is based on favorable “levelized costs of energy production” in the range of 1.0 -
1.1 N$/kWh. That value is close to the respective costs of conventional energy, and
considerably lower than previous estimates. It corresponds however to international
benchmarks of biomass power plants and power generation. That cost level qualifies
biomass to be a future complementary energy source as a base load provider specifi-

cally at decentralized locations.

Export opportunities for processed biomass in the form of biomass pellets (“white pel-

lets”) or bio-coal pellets (“black pellets”) exist worldwide. Obvious opportunities for Na-
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mibian biomass are in South Africa and Europe. In both regions it is the poli-
cy/regulatory environment that determines the current and future biomass demand.
Given such policy support, which is the case for major European countries and a future
option for South Africa, both regions are facing an increasing demand in industrial bi-
omass fuels and a corresponding undersupply out of own biomass resources. The de-
mand gap needs to be met by imported biomass fuels. While the current demand is
primarily on white pellets, there are good reasons to assume that the future biomass
demand for co-combustion in coal fired power plants will shift towards bio-coal. That
likely development would allow Namibian production to benefit from lower supply chain
costs which result from material qualities of black pellets as compared to white pellets

(e.g. higher bulk and energy densities; hydrophobic nature).

The proposed biomass utilization strategy focuses on the combination of various utili-
zation options, e.g. by combing local strategies (e.g. wood chip production for decen-
tralized biomass/hybrid plants) with regional/international strategies (e.g. pellet/bio-coal
production for coal-fired power plant supplies). The combined production strategies will
allow for the utilization of technology and operational synergies, and will have an in-

creased impact on bush encroached areas.
Priority energetic utilization options identified by this research include the following:
1 — Decentralized biomass power plants

The concept of decentralized biomass power plants is based on low biomass energy
production costs in the Namibian context. They are fed by unprocessed and cost effec-
tive wood chip fuel of high quality and calorific value. Their location is in proximity to
supply and demand area ensuring minimal transport costs and energy transmission
losses. Initial/pilot plants are recommended to be of 5 MW capacities which accommo-
date energy demand profiles of medium sized towns as well as regulatory authorization

requirements.
2 — Decentralized hybrid power plants based on biom  ass and solar heat

The concept of decentralized hybrid power plants is as per above but additionally utiliz-
es the high irradiation conditions in Namibia. The hybrid plant allows for biomass based
base load power generation and solar based peak load power generation during day
time. The development of hybrid technology would position Namibia at the forefront of

energy technology innovation in Africa, and beyond.
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3 — Biomass based fuel supply including wood chips, white pellets and bio-coal

for industrial and power generation applications

The principle preference concerning the three considered biomass fuels depends (a)
on the combustion technologies and corresponding fuel requirements and (b) on the
transport distances and supporting supply chain requirements. The profitability analysis
shows that, from a pure cost point of view, the Windhoek region is best to be supplied
by wood chips, further away destinations such as the Erongo region by biomass pellets
(“white pellets”) while international destinations are best served by bio-coal (“black pel-

lets”).

Wood chips would be for local consumption only due to their low bulk and energy den-
sity alone. However, there are ample consumption opportunities ranging from biomass
power plants to boilers in industrial applications of the food industry. As compared to
other biomass products, the production of wood chips is capital extensive and has the
potential to promote large scale decentralized de-bushing activities of farmer’s and/or

service providers.

The production of white pellets meets a demand in industrial applications that require
long distance transport, such as the mining sector or the fishing industry in the Erongo
region. White pellets are also supported by an increasing global demand as primary
biomass resource. Of particular relevance for Namibia is an increasing supply-demand
gap in Europe that need to be met by pellet imports from overseas. The same princi-
ples apply to South Africa provided, however, policy support from Government and
Eskom: increasing biomass demand, lack of own biomass resources and resulting im-
port requirements preferably from the region. Namibia would be in a very competitive

situation to supply the South African market.

Bio-coal pellets or black pellets are superior to white pellets with regard to bulk and
energy density and overall transportability. Its material quality similarity to fossil coal
favors bio-coal for future co-combustion in coal-fired power plants both globally and
locally. With regard to the latter perspective, NamPower is committed to co-fire the re-
habilitated van Eck power station with biomass, preferably with bio-coal. In an interna-
tional perspective, it must be noted that the bio-coal fuel is still in its development
stage, with very few operational plants worldwide. This infant stage of bio-coal devel-
opment allows considering to develop a bio-coal pilot plant in Namibia which would
further support the position of Namibia as an innovation hub. Such an investment,
however, would require some reliable commitment of potential industrial consumers, be

it in Namibia, in South Africa and/or overseas.
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The success of pilot plant investments including harvesting, processing and power
generation critically depend on the full utilization of local advantages of respective
sites. These need to provide optimum conditions as regards resource supply, availabil-
ity of logistics infrastructure and proximity to consumers, and synergies thereof. Thus,
the selection of the initial production site both under resource supply, local power de-
mand and national and international supply chain perspectives will be critical for the
success of the pilot plant investment. It seems that Okahandja in the Otjozondjupa re-
gion provides such optimum conditions and could thus serve as model for later roll out

to other locations in the central northern and eastern part of the country.

It is recommended to proceed with the development of biomass utilization by promoting
decentralized biomass power plants. Here we propose to conduct a full feasibility study
which considers site evaluation, technologies, biomass sourcing, employment effects

and economics. The study will result in a realistic project scheme.

Besides, in order to progress with other immediate opportunities, further investigations
are required into (a) detailed parameters for biomass-solar hybrid power plants and (b)

confirmed local and international market opportunities for bio-coal.

STEAG Energy Services GmbH in cooperation with Transworld Cargo Pty Ltd is inter-
ested in actively participating in the process of enhancing the energetic utilization of
Namibian biomass, be it as a technical or consulting partner, as a project developer, as
an independent power producer and/or an investor for biomass based power genera-

tion projects.
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2 Introduction

Namibia has a country side of approximately 820,000 km?® and is located north/south of
the tropic of cancer. Its natural vegetation is dry savannah with biomass productivity
increasing parallel to annual rainfall from south to north. The area is primarily used for
extensive cattle farming with commercial land rights in the southern and central part

and communal rights in the north.

Namibia’s farmland is burdened by a massive encroachment of bush species. It is es-
timated that approximately 26 million hectare of Namibia’'s farmland is affected by the
encroachment of invader bush. The process of bush encroachment is said to be
caused primarily by range management problems such as overgrazing, preventing of
natural fires and reduction of browsers. Since the beginning of the last century a signif-
icant decrease of agriculture productivity through reduced carrying capacity of land has
been observed. Meanwhile bush encroachment is a national challenge that starts to

mobilize both public and private sector responses.

The energy demand and the target of CO,-reduction of energy generation worldwide
emphasize the role of biomass as CO,-neutral fuel. This makes biomass from bush
encroachment a perspective fuel source in Namibia combining natural sourcing by sav-
ing of fossil fuels, securing of agricultural productivity and natural conservation. Ener-
getic utilization beginning at domestic needs over decentralized power generation up to
co-combustion in large coal-fired power plants open a wide-range of opportunities for
biomass utilization from bush encroached areas. Both the scope of the bush en-
croachment problem as well as the potential benefits of debushing to energetic utiliza-
tion of the biomass resource is of national interest. Any related initiatives meet a very

supportive public and private sector environment in Namibia.

According to the terms of reference, a pre-feasibility study on biomass generation and
treatment in Namibia shall be conducted, targeting international markets for bio energy
utilization. The treatment shall consider pelletizing as well as processing biomass to
bio-coal. The main focus is on logistics and treatment in Namibia. The overall objective
is the development of a business model for biomass generation through pelletizing and
torrefaction technology under consideration of environmental, technological, logistics
and business parameters. In the course of the study implementation, additional bio-
mass perspectives were identified and taken on-board. That includes the energetic
utilization of wood chips in industrial and power generation applications, and the design

of biomass-solar hybrid generation plants.
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3 Analysis of the Current Power Supply Situation

The national energy generation capacity in Namibia totals up to approximately
500 MW. Namibia’'s state-owned electricity generation and transmission entity
NamPower is the main power producer in Namibia, producing nearly all grid electricity.
The electrical energy, which is fed into the transmission grid by NamPower, is generat-

ed at four local power plants, shown in table 3.1.

Tab. 3.1: Main national power plants for current en

ergy supply in Namibia

Power Station Energy Source Power Capacity Commissioning Cipe ration Mode

(Ku?]tejenlzagsler) Water ) (20121ugp7§)2raded) Base Load
(Vt,/fr‘]'& £ :k) Coal ( 41X230M,\\/|’VW) 1972 Peak Load
(WF;Ia\:iastlésay) Heavy Fuel Oil (42X46M|\\/I|VW) 1976 Peak Load
(W';T/iiza;ay) Heavy Fuel Oil 22,5 MW 2011 Peak Load

Ruacana is a hydro-electric power station at the Kunene River at the Namibian Ango-
lan border. The commissioning was in 1972 with a generation capacity of 249 MW. In
2012 the power station was upgraded to 332 MW. The power generation of Ruacana
depends on the river’'s water flow. There is no big water dam at or near Ruacana, only
a small reservoir is available to manage water storage for 24 hours. This is not an ef-
fective buffer that ensures water availability or can be used to regulate flow during the
dry period. Thereby, in the dry season Ruacana cannot achieve complete capacity and

reduce the feeding of electrical energy into the national grid.

Van Eck is a coal-fired power station in the north of Windhoek and has a total capacity
of 120 MW, which is separated into four boilers with a capacity of 30 MW of each boil-
er. The used technology is travelling grate and the fuel is lumpy chestnut coal. The
power plant was commissioned in 1972 and is now only used as peak load power plant
to overcome short-term supply gaps because of high fuel and operating costs. Fur-
thermore, Van Eck is no longer able to produce electricity at rated capacity due to plant

obsolescence.

Paratus power station in Walvis Bay uses heavy fuel-oil and was commissioned in
1976. The power station has 4 separate boilers with a total electrical generation capaci-
ty of 24 MW. Anixas power station in Walvis Bay, which is also based on heavy fuel-oil,

was commissioned in 2011 and has an installed capacity of 22.5 MW. Similar to the
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Van Eck power station, Paratus and Anixas are mainly used as peak load power plants

to match short term demand peaks due to high fuel and operating costs.

Figure 3.1 shows the percentage distribution of the energy supply generated at the four

Namibian power plants.

Ruacana 98,2%
Van Eck 1,4%
Paratus 0,3%
Anixas  0,1%

Fig. 3.1: Percentage distribution of local electri  city generation (based on [8])

More than 98 % of the electricity generations from Namibian power plants are from the
hydro-electric power station Ruacana. This underlines the strong role played by the
Ruacana power station as base load power plant. The other three fossil-fired power
plants generate only 2 % of the total national energy supply. The corresponding work-

load of Namibia’s power plants is shown in figure 3.2.

B Average Capacity COMaximum Capacity
2500
2000
66%
E 1500 -
ey
=
9, 1000
500 ~
0. |T| 3% 5%

Ruacana Anixas Paratus Van Eck
Fig. 3.2:  Workload of Namibia’'s power plants durin g the last decade 2001-2011
(based on 7500 operating hours per year)
Although the Ruacana power station plays a central role in the local power generation
of Namibia the average reached power capacity of Ruacana is only approximately
66 % due to different river flows during dry and rainy periods. But in 2012 the power
station was upgraded from 249 MW to 332 MW, so that the maximum and the average

reached power generation of Ruacana will probably be higher in future. The other three
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fossil-fired power plants Anixas, Paratus and Van Eck are used as peak load power
plants for matching of short term demand peaks. The average capacity related to the

maximum capacity of these power plants is in each case lower than 5 %.

Figure 3.3 shows the electricity demand in the years 2001-2011 splitting in self produc-
tion and import.

M Production lImport
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2 2500
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©
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3 © ® )
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Fig. 3.3:  Power demand energy production and impor  t[18]

It can be seen that Namibia’s self production of power is not sufficient for the total Na-
mibian power demand. Although the local power plants are not operating at maximum
capacity, as shown in figure 3.2, a high power amount is imported from neighboring
countries. Considering these facts the power import from neighboring countries seems
to be cheaper than the self production in Namibia due to high specific power production
costs. Figure 3.4 shows Namibia's dependence on energy suppliers from neighboring
countries like South Africa, Zimbabwe and Zambia.

Il NamPower (Namibia)
B Eskom (South Africa)
[l Zesa (Zimbabwe)

B Zesco (Zambia)

Fig. 3.4: Percentage distribution of Namibia’'s ene  rgy supply in 2012 (based on
[18])
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Meanwhile more than 60 % of the local energy demand in Namibia has to be imported.
Especially Eskom, a South African energy supplier, plays a central role as a supply
partner who will provide electricity for Namibia. Approximately 40 % of the local energy
demand is supplied by Eskom. Other important suppliers are Zesa from Zimbabwe
(12 %) and Zesco from Zambia (9 %). Small importers from Mozambique and the
South African power pool are not listed, because they currently do not play a significant
role. For the power import a network of high voltage transmission lines is available with
two main power lines. On the one side it is the north-south transmission line with a ca-
pacity of about 600 MW that connects Namibia with South Africa. And on the other side
it is a route through the Caprivi Strip in north-eastern Namibia, which secures a link to
countries like Zambia or Zimbabwe. The Caprivi interconnector has a capacity of
300 MW and can possibly reduce the dependency towards South Africa and increase
the trade with SAPP (South African Power Pool) [27].

Namibia’'s Integrated Resource Plan assumes for electrical energy for the period be-
tween 2011 and 2031 an annual growth rate of 4.25%. With the energy of the present
situation and the assumed further increase of the Namibian electricity demand, the
energy market will be increasingly dependent on the import, if no new strategies will be
developed in Namibia’s energy supply system. Furthermore, there is the danger of hav-
ing a demand gap in the energy supply on the Namibian electricity market, because the
increasing demand for electricity could exceed the local and the external power supply.
Figure 3.5 represents a forecast for possible power consumption and an illustration of

the different sources of electricity supply.

ESKOM OFF PEAK
Sourth Africa
I ESKOM SUPPLEMENT
South Africa
1 Agrekko
Mozambique
I 7ESCO
Zambia
EESEDM
Mozambique
[CIZESA
Zimbabwe
[ Anixas
NamPower
[ Paratus
NamPower
I Van Eck
Nampower
I Ruacana
NamPower
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 e Energy Demand

Power [GWh]

Fig. 3.5: Forecast of power consumption and supply in Namibia including peak
demand (based on [8], [14], [28])
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The current power supply will completely cover the energy demand until 2015. But from
2016 a national undersupply is expected. The future power supply is currently not se-
cured from 2016. Long term contracts with suppliers from neighboring countries will
expire. A trade agreement with Eskom is expanding every year and was extended until
2015. The share of the South African power utility Eskom is currently at approximately
40 %. But due to higher requirements and more stringent restrictions with respect to
timing, quantity, cost and seasonal peak loads, the energy supply of Eskom for Namib-
ia will decrease in future. Zesa at least still provides power until 2014 from the Hwange

Power Station and Zesco with a commitment of 50 MW until 2020.

To avoid a possible demand gap from 2016 new power generation capacities have to
be realized in Namibia. First of all Van Eck power station represents a significant com-
ponent of Namibia’s generation capacity. A rehabilitation of the power station can be an
important step to minimize the demand gap for the next years and extend the life time
of the power station. Constructions for the rehabilitation have started and it is expected
to complete in 2014/2015. Additionally a high efficiency of the operated units should be
endeavored in order to achieve additional power. In future, NamPower plans to use
bio-coal as fuel for the power station Van Eck. Besides the rehabilitation of Van Eck
several other energy projects are in discussion or in planning. Table 3.2 gives an over-
view of currently known energy projects in Namibia, which are discussed or planned,

whereas no guarantee of completeness will be given.

Tab. 3.2: Overview of discussed or planned energy p  rojects in Namibia (based
on [1], [12], [14], [15], [18], [22], [23])
Project Energy Source Capacity Commissioning
. 800 MW probably in 2018
Kudu Gas to Power Project Natural Gas (400 MW for Namibia) | (planned since 1996)
Coal-fired Power Station, Walvis Bay Coal 414 MW ?
. Liquid Natural Gas 400-600 MW first step (100-150 MW)
Gecko Power Station, Swakopmund or Heavy fuel Oil (in several steps) planned in 2016
Arandis Power Station Heavy Fuel Oil 120 MW planned in 2014
. 600 MW ?
Baynes Hydro Power Station Water (300 MW for Namibia) (constr. start 2015)
Popa Falls Hydropower ”
(Okawango River) Water 20 MW )
. . 72 MW
?
Orange River Small Hydro Stations Water (12 X 6 MW) :
Diaz Wind Farm Luderitz Wind 20-44 MW ?
Wind Parc Walvis Bay Area Wind 50 MW ?
30 MW
?
Tsumkwe Solar (3 x 10 MW) ?
CBEND Bush to Electricity Project Biomass 0.25 MW 20127
(Invader Bush)
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On the basis of these energy projects the demand gap could be closed and new power
imports from neighboring countries could be avoided, but currently unsure, if these en-
ergy projects will really come, because most of these energy projects are only in dis-
cussion or in the planning phase. Furthermore, the assumed demand gap could proba-

bly be closed at the earliest from 2018 onwards.
Conclusion:

Namibia’s power supply is facing considerable challenges in the near future. Specifi-
cally the period until the scheduled Kudu gas power plant will come online as from
2018/2019, will be challenged by a national power demand that exceeds supply. In the
last years the share of imported power increased continuously, so that Namibia’s pow-
er supply is currently dependent on neighboring countries like South Africa, Zimbabwe
and Zambia. In the past, specifically South Africa’s huge power capacities helped to
maintain the energy supply in Namibia. However, this external power supply will de-
crease with time due to overall lower excess power capacities in South(ern) Africa.
Rising electricity costs are likely to influenc the economic performance of Namibia, par-
ticularly in energy-intensive areas such as manufacturing and mining. This future sce-
nario requires innovative policy and strategic measures. Specifically, own power gen-
eration capacities suitable for base load provision with low specific production costs are
to be mobilized in order to maximize a sustainable energy supply out of own resources.
Against this background, biomass as a national energy source has great potential to

play a major future role in the national energy supply of Namibia.
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4 Analysis of the Current Biomass Situation

Namibia’s north is to a great extent covered with invader bush, a mixture of various
kinds of bushes. It is estimated that currently about 26 Million hectare of agricultural
land is moderately or highly covered with invader bush [7]. The amount of biomass per
hectare varies between 8 and 20 tons and depends on the local vegetation and weath-
er conditions [7]. In the North of Namibia the conditions of growth are better than in the
South of Namibia. So the vegetation density rises from South to North, whereas Wind-
hoek represents the southern vegetation border. Figure 4.1 shows the biomass distri-

bution and the biomass density in Namibia.

Problem species
. Acacia mellifera
. Acacia reficiens

tanh Density (number

. Golophospermum mop of plants/ha)
. Dichrostachys cinerea * . 2,000-3,000
. Rhigozum trichotomum . ': . 3,000-4,000
. Terminalia sericea 'f:;’;:'} 4,000-12,000

Fig. 4.1: Invader bush distribution in Namibia [27 ]

The productivity of the Namibian savannah and farmland is largely determined through
the soil water balance. Increased droughts are direct results of bush encroachment and
endanger strongly the Namibian economy as well as the botanic and fauna diversity.
Bush encroachment is recognized as a form of land degradation that reduces the live-
stock capacity of rangelands due to the loss of grazing land for cattle or decrease of
domestic vegetation. This observation leads to serious economical drops in Namibia
concerning both the commercial and the urban farmer regions. Thus farmers have to

face up to financial damages.

Removing the invader bush is cost-intensive and often uneconomically implemented.

Therefore different thinning and removing options were developed to increase the usa-
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ble area of graze land for cattle breeding and hence the economic efficiency of the
land. But mostly the removing of invader bush leads only to higher costs for the farmers
and not to higher incomes due to the creation of bigger rangelands. Currently the in-
vader bush is felt by the farmers only as disturbing factor for the cattle breeding. Figure
4.2 shows two examples for Namibian rangeland. On the left side a typical example for
unwanted bush encroachment without launch of countermeasures, on the right side

wanted rangeland with launch of countermeasures.

= e it

Fig. 4.2:  Namibian rangeland with and without bush encroachment

Otherwise, bush encroachment/bush harvesting could offer a long term economical
and ecological use as a resource for different application options. Currently, several
companies are using the invader bush already for industrial applications, producing
bush-briquettes or bush-chips as biomass based fuel products. Other companies are
using the invader bush directly as fuel substitute for conventional fuels like coal in exist-
ing combustion systems. One example is the energetic use of invader bush in the ce-
ment industry by the company Schwenk Cement. Therefore invader bush seems to be
a promising and convenient raw material for energy production by direct combustion,
pyrolysis or gasification. Figure 4.3 gives an examination of the current utilization of

invader bush.

Potential: 23.4 Mil t/a

Cement Industry

B Schwek Cement 85,000 t/a
Biomass Power Plant

B CBEND 4,000 t/a

3.0% Biomass Fuel Production

@ Ecolog (OBI) 10,000 t/a
H Bushblok (CCF) 10,000 t/a
O Biocoal (Green Coal) 20,000 t/a
M Charcoal 200,000 t/a
M Firewood 272,000 t/a

Total: 601,000 t/a

Fig. 4.3: Examination of the current utilization o f invader bush
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It can be seen that there are already biomass based applications in Namibia, but main-
ly limited to small production of biomass based fuels for the energetic use in Namibian
households like bush-briquettes, charcoal or lumpy firewood. The existing applications
of Namibian biomass amount to a total of about 600,000 t/a. This means only 3 % of
the possible annual use potential of Namibian biomass. The biomass use potential of
approximately 23.4 million t/a results from an estimated rangeland of 26 million hec-
tares with an average bush density of approximately 10 t/ha, whereas 50 % of the bio-

mass can be harvested every ten years (data obtained from [7]).

Approximately 60,000 tons per year of charcoal (base year 2008) was produced on the
basis of invader bush [3], [9]. This means a biomass raw material demand of approxi-
mately 180,000 — 220,000 t/a because of the material loss during the charcoal produc-
tion process. The production capacity of the two Namibian bushblok/ecolog producers
CCF and OBI is approximately 10,000 t/a for each production plant [20], [29]. The torre-
fied biomass production of Greencoal in the near of Omaruru is in the range of 10,000
t/a with an estimated raw material demand of 20,000 — 25,000 t/a due to the material
loss of the torrefaction process. Beyond these biomass treatments there is also a pilot
plant of the company CBEND, which is currently in operation and uses invader bush by
gasification with subsequent combustion and power generation. The power output of
this power plant is 0.25 MW with an estimated raw biomass demand of approximately
3,000 - 4,000 t/a [2]. The biomass demand of the cement factory Ohorongo of the
German company Schwenk Cement is approximately 80,000 — 85,000 t/a [25]. It aims
to generate 75 % of its energy requirement from local biomass resources of neighbor-
ing farmers. The rest of 25 % is realized with fossil coal. Besides the mentioned appli-
cations for the industrial use of invader bush there is an additional biomass demand in
form of firewood for urban households. Regarding to lumpy firewood a biomass de-
mand of approximately 272,000 t/a can be assumed, based on estimated average bio-
mass demand of approximately 1.7 tons per year and household and approximately
160,000 households in total [4].

Concerning the tremendous amount of land covered with invader bush and the result-
ing amount of sustainable biomass, the current purposes using this resource do not
affect the actually available capacities for other applications and therefore do not limit

the availability of invader bush biomass [3].
Conclusion:

Namibia has vast amounts of biomass resources that can be used economically for

different applications. Although there are already a number of biomass based applica-
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tions realized, the national biomass resource is big enough for the implementation of
further “biomass to energy projects” for industrial and power generation applications.
As the invader bush constitutes an economic setback for farmers by decreasing the
carrying capacity of farmland the latter should be interested in long term supply con-

tracts thus ensuring security of supply.

Sustainable utilization provided, biomass derived from invader bush has the potential to
play a central future role in the Namibian economy. Invader bush could be the basis for
various biomass fuels incl. chips, briquettes, pellets and bio-coal. Biomass fuels could
become a relevant energy source, e.g. in decentralized biomass power plants serving
as base load power plants. The utilisation of own fuel resources would also allow to
minimize the utilisation of fossil coal or heavy fuel oil and thus the dependency on fuel
imports. Biomass based fuels also provide for additional export potential to countries
that will be facing a supply-demand gap in the near future. Despite such export oppor-
tunities, the utilisation of Namibian biomass for own power generation purposes should

be of priority.
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5 Basic Investigations for an Energetic Concept De-

velopment

The results of the analysis of the current power supply and biomass situation in Namib-
ia show a big potential for the energetic use of biomass. Biomass is available in vast
amounts and can be used for different applications. Otherwise, Namibia’s power mar-
ket has to face great challenges in future. In order to get independence on electricity
imports new power generation capacities have to be created in Namibia. In this context
biomass has the potential to play an important role in the future energy supply of Na-
mibia as well as in the export of products. In the following chapters basics are worked
out for the subsequent energetic concept development on the basis of Namibian bio-

mass.

5.1 Harvesting Options

Efficient harvesting and collecting of invader bush are very important aspects to devel-
op economic applications for invader bush utilization. Generally, different harvesting
methods are thinkable and can be differentiated by the degree of mechanization. Fig-
ure 5.1 shows different harvesting options, which are already used in Namibia.

manual harvesting ~mechanical harvesting
A S R with skid-steer loader.

N

mechanical

with excavator
N

Fig. 5.1:  Harvesting options of invader bush
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The easiest way to harvest invader bush is using a manual method. It can be done with
the aid of felling axes, chainsaws and brush cutters. The investment costs are very low
and a highly selective harvesting of the invader bush with a low environmental impact
is possible. Otherwise, the manual harvesting needs a very high personal input and the
resulting productivity per person is small. Furthermore, the invader bush as a dominant
species of the dry savannah is equipped with a lot of thorns. That makes the manual
invader bush harvesting complicated. A further difficulty will probably be that the famers
do not want to have a large number of workers for harvesting on their farms. So the
manual harvesting is a harvesting method, which is especially suitable for small-scale

bush felling, but not for large scale bush harvesting.

One mechanical harvesting approach is the harvesting with the aid of skid-steer load-
ers. The skid-steer loader is equipped with a rotary saw located at the front end of the
vehicle. The mobility of the skid-steer loader is high and several bushes can be cut and
compiled consecutively before making a bundle at the side of a harvesting road [19]. A
selectivity regarding the harvested bushes is possible. Before chipping the compiled
bushes are dried by air for a few days, so that the moisture content is reduced to val-
ues of approximately 8 - 10 %. The feeding of the chipper, which is connected to a
truck for the chipped bushes, can be done manually or mechanically, whereas a me-
chanical feeding is preferred. Disadvantage of this approach is that the skid-steer load-
er needs many maneuvers resulting in more soil disturbance and densification. Soil

disturbance improves the distribution of seeds from invader bush.

The harvesting with excavator is another harvesting approach. The excavator with a
feller buncher attachment is able to grab, hold, cut and compile several bushes subse-
quently before making a bundle at the side of a harvesting road. Similar to the ap-
proach with skid-steer loader the compiled bushes are dried by air before chipping. The
feeding of the chipper can be done again manually or mechanically. With the aid of the
jib-arm the excavator is able to work in approximately 20 m harvesting roads at any
time, so that less soil disturbance is caused in comparison to wheel operated ma-
chines. The excavator can drive forwards and backwards. Simultaneously a high selec-

tivity regarding to the harvested bushes is possible.

A fourth harvesting approach is the harvesting with the vehicle type “Kangaroo” of the
company AHWI Pinoth. This harvesting method is specially designed to cut and
shred/chip the bushes in one action, because the vehicle is equipped with an additional
chipper and collection bin with hopper for the chipped biomass. After filling the collec-
tion bin the content is transferred to a truck, whereas the emptying takes place by a

tipping process of the collection bin. Subsequently, an additional air drying takes place
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at special open-air storage fields. Advantage of this harvesting approach is the time-
saving combination of harvesting and chipping. But this harvesting method is not able
to work selectively and the attrition is comparatively high. Furthermore, the soil disturb-

ance and densification is high.

Table 5.1 shows an evaluation of the different harvesting options in due consideration

of different evaluation criteria, which are relevant for the right choice.

Tab. 5.1: Evaluation of the different harvesting op  tions

High Selectivity

High Productivity

High Mobility

Suitable For Large-
Scale Harvesting
Harvesting-Chipping-
Collecting-Combination
Low Investment Costs
Low Operation Costs
(including Maintenance)
Low Personal Input
Low Environmental
Impact (Soil Densification)

manual harvesting

mechanical harvesting
with skid-steer loader

mechanical harvesting
with excavator

mechanical harvesting
with vehicle type
"kangaroo"

Conclusion:

There are different harvesting methods applied in Namibia with each method having its
advantages and disadvantages. Regarding the annual harvesting capacity every me-
chanical harvesting option is designed for approximately 10,000 tons per year and ve-
hicle (according to user information). Hence, other evaluation parameters are decisive
for the right choice of harvesting method. On the basis of the evaluation presented in
table 5.1 it seems that the mechanical harvesting method with excavator has some
advantages over alternative options. But the differences are not significant. Hence,
every mechanical harvesting option is suitable for large-scale harvesting. Manual har-
vesting, however, seems to be suitable primarily for small-scale harvesting or com-

plementary to mechanical harvesting.
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5.2 Biomass based Products, Production Technologies and

Marketing Opportunities

The distinction of different biomass based products and their production technologies is
an important aspect for the energetic concept development, because the resulting
properties of the different biomass based products are decisive for the subsequent ap-
plication and marketing opportunities. For the utilization of biomass from invader bush
different techniques are available for converting the biomass in a suitable product con-
cerning further applications with the targets to reduce storage, transport and handling
costs on the one side and to improve the desired material properties like combustion
behavior or calorific value on the other side. Possible biomass based products could be
mainly differenced between chips, briquettes/logs, pellets and bio-coal (torrefied bio-
mass). The strongly varying characteristics of these products are making them appro-
priate for different applications. Hence, it is important to find the right biomass based
product for the right application, whereas the application and marketing opportunities

are focused on the region Namibia/South Africa and Europe.

5.2.1 Biomass Chips

Biomass chips are a medium-sized solid material with a typical particle size distribution
of 0 -100 mm, whereas the main particle size is mostly in the range of 30 - 60 mm (fig-
ure 5.2).

Fig. 5.2: Biomass chips

They are made by coarse grinding (cutting or chipping) of the raw biomass. The aim of
grinding is a higher bulk density compared to untreated biomass, so that more biomass
can be transported using the same transport volume. The bulk density of biomass
chips is usually in the range of 150 - 250 kg/m®. The production of biomass chips re-
quires the lowest appliance expenditure (investment costs) of all regarded biomass
based products. Figure 5.3 shows a simplified process flow sheet for the production of

biomass chips.
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Drying Coarse

(optional) grinding SUEYE

Fig. 5.3:  Process flow sheet for the production of biomass chips

The shown process flow sheet contains an optional air drying step. The drying step
leads to a lower moisture content and thus to lower transport costs due to lower weight
of dried biomass. The optional drying step after harvesting of the biomass can be done
before or after the grinding process. The necessary of a drying step depends on the
further processing. Concerning the coarse grinding step cutters or chippers are normal-
ly used. Chippers are machines used for reducing biomass to smaller pieces (figure
5.4). They are often portable, being mounted on wheels on frames suitable for towing
behind a truck or van. But there are also large, stationary installations, especially for

industrial use.

Fig. 5.4:  Chipper for the production of biomass ch ips

Chippers are typically equipped with a hopper, the chipper mechanism itself and a col-
lection bin for the chips. The biomass is inserted into the hopper and started into the
chipping mechanism. The chips exit through a chute and can be directed into a truck-
mounted container or onto the ground. The chipper technology can be differentiated in
disc chippers and drum chippers (figure 5.5). Disc chippers are normally used for round
wood, while drum chippers are primarily used for woody residuals from saw mills and
other (wood) industry. The resulting biomass chips are more uniform by disc chippers
than by drum chippers. During the overall process there is no mass loss with the ex-

ception of the water content during the optional drying step.
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Fig. 5.5:  Schematic illustration of disc and drum chippers [5]

The production of biomass chips is mostly used as pre-treatment step for further pro-
cessing like the production of briquettes, pellets or bio-coal. But it can also represent
the sole biomass treatment. For the combustion of biomass in biomass power plants
for example, no further pre-treatments are technically necessary. Biomass power
plants are usually able to combust biomass in form of dried or undried chips. Hence,
biomass chips, especially wood chips, are a typical fuel for biomass power plants. Most
of the European biomass power plants are based on biomass chips (wood chips),
whereas undried chips are usually used. Further treatment steps are only then neces-
sary, when long transport distances are given due to reduction of transport costs by

increasing the bulk density and/or the energy density.

In Europe the marketing opportunities for biomass chips are generally high, because
biomass chips are widely used fuels. The prices for wood chips are in the range of 30 -
50 €/t (350 - 580 N$/t) depending on the chip quality. But nevertheless an export of
invader bush from Namibia to Europe or South Africa will not be suitable due to high
transportation costs. The energy density (approximately 2 - 3 GJ/m®) as well as the
bulk density (approximately 150 - 250 kg/m®) of biomass chips is too small. Thus, the
transportation costs for invader bush from Namibia to Europe would probably be higher
than the sales prices in Europe. An economical marketing and competitive ability of

Namibian invader bush chips in Europe or South Africa are not possible.

But biomass chips could have a great potential as biomass based fuel for the domestic
sector in Namibia, especially when the utilization site of biomass chips is near to the
bush growing area and production site. The specific production costs of biomass chips
are low and the transportation costs are acceptable as long as the transportation dis-
tance can be kept short. So decentralized biomass combustion plants are a good ap-

plication for biomass chips, because biomass combustion plants (e.g. grate furnaces)
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are usually able to combust biomass chips. No further biomass treatments are techni-

cally necessary.
Conclusion:

Biomass chips is a fuel with great potential for a future biomass energetic concept in
Namibia.Biomass chips have low production costs and a wide field of applications. The
application, however, is restricted to Namibia and excludes export. Low bulk and ener-
gy densities of biomass chips translate in high logistics costs that are prohibitive for log

distnace transport operations to to South Africa and/or Europe.

5.2.2 Biomass Briquettes/Logs

Biomass briquettes/logs are made by fine grinding and subsequent compacting of dry,
untreated biomass chips. Typical briquette/log dimensions are 20x6x6 cm with a weight

of 0.8 -1.0 kg per briquette/log (figure 5.6).

Fig. 5.6: Biomass briquettes/logs

The aim of briquetting is a higher bulk and energy density compared to biomass chips,
so that transport costs can be reduced and the combustion behavior can be improved
(long intense burning). The bulk density of biomass briquettes/logs is usually in the
range of 350 -500 kg/m® and the energy density in the range of 5.2 - 7.4 GJ/m® [11].
Figure 5.7 shows a simplified process flow sheet for the production of biomass bri-

quettes/logs.

Coarse

grinding grinding

Fig. 5.7:  Process flow sheet for the production of biomass briquettes/logs

The overall production process of biomass briquettes/logs contains several treatment
steps, whereas the production of biomass chips (as described before) is part of the
overall process. After coarse grinding (chipping) and drying an additional fine grinding
takes place in a stationary grinding installation. The fine grinding, mostly done by a
hammer mill, is necessary for further particle size reduction and a homogenous particle

size distribution. This leads to a better subsequent compacting, so that briquettes/logs
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with high energy density can be pressed. After passing a sieve (for a high quality guar-
antee) the biomass dust is fed into a silo for storing and further processing. The silo is
normally equipped with a dosing screw that regulates the in-feed of the dust into the
subsequent briquette/log press. The briquette/log press is usually an extruder press
working with high pressure to force the material through a die which then forms the

briquettes/logs (figure 5.8).

Feed Duct

Biomass Dust

Screw Feeder Eccentric Tappet
Shape Duct
(Variable) Fly Wheel
Piston

Pressed Biomass

Cooling Zone
Briquette

Fig. 5.8:  Schematic illustration of an extruder pr  ess [16]

After leaving the briquette/log press the briquettes/logs pass a cooling line, because
heat results from the press process due to the high pressure. For the press process no
additional binder is necessary, because the cellulose fibres of woody biomass bind
together. At the end of the overall process there is a saw that cuts the briquettes into
the typical particle size. With the exception of the water content in the drying step there

is no mass loss during the overall process.

The marketing opportunities for biomass briquettes/logs from Namibian invader bushes
are available in Namibia/South Africa as well as in Europe. Supply and demand con-
cerning biomass briquettes/logs is already existent. But the marketing amount seems
to be limited in each region due to the limited applications. Briquettes/logs are a bio-
mass based fuel which is primarily used in households (primarily for heating bit also for
barbecue) or in small-scale industrial applications. Hence, the demand for bri-
guettes/logs as biomass based fuel is admittedly given but quantitatively limited. Only
the production of relatively small quantities of biomass briquettes/logs (e.g. < 50,000
t/a) seems to be realizable with the focus on the domestic use. Typical market prices
for briquettes/logs are shown in table 5.2, whereas typical pallet prices (960 kg per pal-
let) as well as typical bag prices (10 kg per bag) of merchants and super markets are
listed.
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Tab. 5.2 Typical price ranges for biomass briquett  es/logs in Namibia, South

Africa and Europe

Price per pallot (960 kg)

Price per bag (10 kg)

in N$ in N$
Namibia 1,000 - 1,500 20.00 - 30.00
South Africa 1,500 - 2,600 30.00 - 50.00
Germany 2,000 - 3,000 35.00 - 60.00

Besides several European countries have national standards, quality certificates for
briquettes/logs, e.g. Germany. As an example, the chemical and physical properties of
briquettes in accordance with the German standard “DINplus” and the European
standard “ENplus” are shown in table 5.3. Additionally the chemical and physical prop-

erties of the Namibian invader bush are listed for comparison.

Tab. 5.3: Chemical and physical properties of Namib  ian invader bush in com-

parison to German and European standards of biomass bri-

quettes/logs

DIN EN 14961-3

Parameter

Diameter

Length

Moisture Content
Ash Content

Net Calorific Value

Physical Parameter

Particle Density
Additives

S
N

"DINplus"
Briquetts
variable
variable
12
0.7
15.5
1.0

0.03
0.3

"ENplus"

Invader Bush

Briquetts
variable
variable

15
15
15.3
1.0

< 2 % Biomass Only

0.03
0.5

n.a.
n.a.
4.3-10.2
1.7-6.6
15.9-18.2

n.a.

0.05-0.07
0.51-0.65

Elementary
Composition

Cl 0.04-0.11

As
Cd
Cr
Cu
Pb
Hg
Zn
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5
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It can be seen that the Namibian invader bush cannot observe each parameter in ac-
cordance with the standards “DINplus” and “ENplus”. A few parameters (red marked) of
Namibian invader bush (e.g. ash content, chlorine, sulfur) are higher than the limiting
values of both certificates. Concerning the trace elements only the boundaries of the
used analysis method are listed. Hence, the real arsenic (As) and mercury (Hg) content

should be lower than the values (orange marked) listed in table 5.3. But the shown
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noncompliance to the “DINplus” and “ENplus” certificates should not be a problem for
the marketing opportunities of biomass briquettes in Europe, because such a certificate
is admittedly helpful but not absolutely required for the marketing of biomass bri-
quettes/logs in Europe. The standards act as solid quality proofs for the end-users so
that the end-user can be sure that the biomass briquettes/logs contain no pollutants
which could possibly endanger the oven (e.g. corrosion, slagging) and/or the human
health. Furthermore, it is possible that a certification with “DINplus” and/or “ENplus” can
improve the marketable amount and the selling price for the biomass briquettes/logs.

But this impact does not seem to be of great relevance.
Conclusion:

Biomass briquettes/logs can also play a role in an energetic concept for the utilization
of Namibian invader bush. However, due to limited application options in small-scale
private households only, the overall production potential is limited. Market opportunities
exist in Namibia, in South Africa and other neighbouring SADC countries as well as in

overseas.

5.2.3 Biomass Pellets

Similar to biomass briquettes/logs biomass pellets are also made by fine grinding and
subsequent compacting of dry, untreated biomass chips. But the particle sizes of pel-
lets are much lower and the bulk density is normally much higher than of bri-
quettes/logs. Typical sizes of biomass pellets are small cylinders with an average di-
ameter of approximately 6 to 10 mm (figure 5.9). The bulk density is usually in the

range of 550 - 750 kg/m?® and the energy density in the range of 7.5 - 11 GJ/m®.

Fig. 5.9: Biomass pellets

The aim of the pelletization process is the production of a homogenous product with
higher energy and bulk density compared to the raw material, chips or briquettes/logs.
In comparison with biomass chips or biomass briquettes/logs biomass pellets have a

better flow ability, so that the handling is much easier. Furthermore, the uniform char-
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acteristics make them suitable for large-scale combustion plants like coal-fired power
plants and industrial furnaces. Figure 5.10 shows a simplified process flow sheet for

the production of biomass pellets.

Coarse

grinding grinding

Fig. 5.10: Process flow sheet for the production o f biomass pellets

The shown process flow sheet is very similar to the process flow sheet for the produc-
tion of biomass briquettes/logs. The only difference between these both overall pro-
cesses is the press process. As pellet press a flat die (shown in figure 5.11) or ring die
press are normally used working with high pressure to force the material through the
dies which then form the pellets. By the optional addition of steam, the particles are

covered with a thin liquid layer in order to improve the adhesion.

Fig. 5.11: Biomass pelletizing system [24]

But before entering the pellet press the moisture content of the biomass should not be
higher than approximately 12 %. The optimal moisture content for press process is
between 8 and 12 %. If the material is too wet, the moisture contained in the pressings
cannot be escape and enlarges the product volume, making it mechanically weak. The
productivity of pellet presses ranges between some 100 kg to about 10 tons per hour.
During the densification process the temperature of the pellets increases. Therefore,
careful cooling of the pellets leaving the press is necessary to guarantee high durabil-
ity. With the exception of the water content in the drying step there is no mass loss dur-

ing the overall process.
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Biomass pellets are currently the most important and most used biomass based fuel

worldwide. Table 5.4 gives an overview of the worldwide installed production capacities

for biomass pellets differentiated to continent and countries.

Tab. 5.4: Overview of the installed biomass pellet
wide (data based on [6] and 2011)

Europe

Austria 26 plants
Belarus 4 plants
Belgium 9 plants
Bosnia-Herzegovina 6 plants
Bulgaria 6 plants
Croatia 6 plants
Czech Republic 8 plants
Denmark 8 plants
Estonia 6 plants
Finland 15 plants
France 27 plants
Germany 41 plants
Greece 2 plants
Hungary 4 plants
Ireland 2 plants
Italy 19 plants
Latvia 13 plants
Lithuania 4 plants
Netherlands 3 plants
Norway 7 plants
Poland 19 plants
Portugal 14 plants
Romania 3 plants
Russia 68 plants
Serbia 4 plants
Slovakia 14 plants
Slovenia 4 plants

1,187,000 [t/a]
71,400 [t/a]
532,000 [t/a]
164,000 [t/a]
119,350 [t/a]
166,000 [t/a]
184,000 [t/a]
492,500 [t/a]
417,000 [t/a]
645,000 [t/a]
1,049,000 [t/a]
2,825,000 [t/a]
30,000 [t/a]
87,000 [t/a]
72,500 [t/a]
725,000 [t/a]
757,000 [t/a]
115,000 [t/a]
195,000 [t/a]
592,000 [t/a]
971,000 [t/a]
875,000 [t/a]
200,000 [t/a]
3,093,000 [t/a]
112,000 [t/a]
153,000 [t/a]
99,000 [t/a]

production capacities world-

Spain 25 plants 651,600 [t/a]
Sweden 34 plants 2,355,000 [t/a]
Switzerland 10 plants 260,000 [t/a]
Ukraine 13 plants 430,400 [t/a]
United Kingdom 11 plants 610,000 [t/a]
Total 435 plants 20,235,750 [t/a]
Africa

South Africa 4 plants 240,000 [t/a]
Total 2 plants 240,000 [t/a]
Asia

China 16 plants 752,000 [t/a]
India 3 plants 200,000 [t/a]
Indonesia 1 plant 100,000 [t/a]
Japan 4 plants 95,000 [t/a]
South Korea 8 plants 108,200 [t/a]
Total 32 plants 1,255,200 [t/a]
Australia and Oceania

Australia 2 plants 256,000 [t/a]
New Zealand 3 plants 110,000 [t/a]
Total 5 plants 366,000 [t/a]
North America

Canada 34 plants 2,958,000 [t/a]
USA 84 plants 5,481,000 [t/a]
Total 118 plants 8,439,000 [t/a]
South America

Brazil 1 plant 40,000 [t/a]
Chile 3 plants 100,000 [t/a]
Total 4 plants 140,000 [t/a]
Total Worldwide 596 plants 30,675,950 [t/a]

The total worldwide production capacity of biomass pellets (mostly based on wood) is

assumed at approximately 30.6 million tons per year. Especially in Europe and North

America there are already great existing production capacities, whereas the share of

Europe with approximately 20.2 million tons per year is approximately 65 % of the pro-

duction capacity worldwide. The real production amount of pellets in Europe is valued

at about 10 million tons per year and counting.

In table 5.5 an overview of the biggest worldwide installed biomass pellet production

plants is shown. Additionally, the biggest installed biomass pellet production plants of

Germany and South Africa are shown. Currently in South Africa there are only four

biomass pellet production plants installed.

Tab. 5.5:

Major biomass pellet production plants in

in South Africa (data based on [6] and 2011)

the world, in Germany and



-28 - Basic Investigations for an Energetic Concept Development

Worldwide

Capacity Company Location Country
900,000 OJSC Vyborgskaya Cellulose Leningrad Region Russia
750,000 Georgia Biomass LLC (RWE) Waycross/GA USA
500,000 Green Circle Bio Energy Inc. (JCE Group AB) Cottondale/FL USA
450,000 Biowood Norway AS Avergy Norway
400,000 Pinnacle Pellet Inc. Burns Lake/BC Canada
250,000 Plantation Energy Australia Pty Ltd / GF Energy  Albany Australia
220,000 Pinnacle Pellet Inc. Strathnaver/BC Canada
210,000 Pacific BioEnergy Corp (PBEC) Prince George/BC Canada

Germany

Capacity Company Location Country
256,000 German Pellets GmbH Herbrechtingen/BW Germany
256,000 German Pellets GmbH Wismar/MV Germany
180,000 German Pellets GmbH Leipzig-Wiederitzsch/SN Germany
150,000 German Pellets GmbH Torgau/SN Germany
150,000 Heggenstaller Vertriebs GmbH Unterbernbach/BY Germany
140,000 Binderholz Deutschland GmbH Kdsching/BY Germany
128,000 German Pellets GmbH Ettenheim/BW Germany

South Africa

Capacity Company Location Country
100,000 EC Biomass Coega, Port Elizabeth South Africa
80,000 GF Energy (Zebra Pellets) Sabie South Africa
60,000 GF Energy (Biotech Fuels) Howick South Africa
n.a. n.a. Richards Bay South Africa

As for biomass briquettes/logs national standards and quality certificates are applicable
to biomass pellets in Europe. The chemical and physical properties for biomass pellets
in accordance with the different German and European standards are shown in table
5.6. Additionally the chemical and physical properties of the Namibian invader bush are

listed for comparison.

As for biomass briquettes/logs, the biomass pellets do not meet all parameters. A few
parameters (red marked) of Namibian invader bush (e.g. ash content, chlorine, sulfur)
are once more higher than the allowed values of the different certificates. However, as
the quality certificates are optional, any non-compliance is no “killing factor” for the
marketing in Europe. Different from the certification of biomass briquettes/logs the certi-
fication of biomass pellets impact on the marketing opportunities. Typical market prices
for biomass pellets in accordance with German and/or European standards (“DINplus”
and “ENplus” certificates) are in the range of 230 - 250 €/t (26,500 -32,500 N$/t) and
for non-certificated biomass pellets, the so called industrial pellets, in the range of 130 -
140 €/t (15,000 — 18,000 N$/t).

Tab. 5.6: Chemical and physical properties of Namib  ian invader bush in com-

parison to German and European standards of biomass pellets
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DIN EN 14961-2
Parameter "DINplus"  "ENplus A1" "ENplus A2"
Pellets Pellets Pellets

Diameter 6-8 6-8 6-8

Class B Invader Bush
Pellets

6-8 n.a.

Length 3.15-40 3.15-40 3.15-40 3.15-40 n.a.
% Moisture Content 10 10 10 10 4.3-10.2
§ Ash Content 0.7 0.7 1.5 3.0 1,7-6,6
% Bulk Density kg/m3 600 600 600 600 n.a.
% Net Calorific Value MJ/kg 16.5-19.0 16.5-19.0 16.3-19.0 16.0 - 19.0 159-18.2
. Ash Melting Behavior °C 1,200 1,200 1,100 n.a. n.a.
Fines < 3,15mm 1.0 1.0 1.0 1.0 n.a.
Additives < 2 % Biomass Only n.a.
g8 S 0.3 0.3 0.5 1.0 0.05 - 0.07
§ é’ N 0.03 0.03 0.03 0.04 0.51-0.65
w S Cl 0.02 0.02 0.02 0.03 0.04 -0.11
1.0 1.0 1.0 1.0
0.5 0.5 0.5 0.5 <0.43
é 10.0 10.0 10.0 10.0 <181
i 10.0 10.0 10.0 10.0 <3.73
8 10.0 10.0 10.0 10.0 <533
a 0.1 0.1 0.1 0.1
100 100 100 100 <10.7

As shown in figure 5.12, both prices are relatively stable during the last years.

===|ndustrials Pellet (APX-Endex) ==DINplus Pellet

300
270

240
210

180

s

Wood pellet price (€/t)

Fig. 5.12: Price development of certificated and n  on-certificated biomass pellets

in Europe
The standards for biomass pellets are an important aspect for the possible application
field. Most of the European pellet plants are plants with small capacities lower than
100,000 t/a. These pellet plants produce primarily biomass pellets with high quality
standards, the so called “DINplus” or “ENplus” pellets for household or small scale ap-
plications like small furnaces. Supply and demand of high quality (certified) biomass

pellets is currently fairly balanced with limited additional market scope. The quality
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noncompliance will effectively exclude a Namibian supplier from that high quality mar-

ket segment.

The pellet plants with high production capacities higher than 100,000 t/a however pro-
duce primarily industrial pellets without certifications. The main consumers for the in-
dustrial pellets without certifications are coal-fired power plants and other big industrial
furnaces. In opposite to the “DINplus” and “ENplus” pellets, the European market for
industrial pellets is increasing annually. The reason for the high biomass pellet demand
in Europe is the national promotion system for renewable energies in several European
countries. In countries like the United Kingdom, Belgium, Denmark, Sweden or the
Netherlands the co-firing of biomass in coal-fired power plants is promoted by the na-
tional law (e.g. feed-in tariff). In these countries the trend is towards the substitution of
fossil coal by biomass pellets as much as possible so that the biomass pellet demand
will increase continuously. The figure 5.13 illustrates the current and future biomass

pellet demand in selected European countries.

Fig. 5.13: Expected biomass pellet demand in Europ e from 2011 to 2015 [26]

These impressive figures even exclude singular developments of a few power plant
operators like Drax. The Drax Power Ltd., a British electrical power generation compa-
ny, intends since a short time ago to convert two of its four 1,000 MW coal-fired power
plants at Drax power station from fossil coal to biomass pellets (100 % substitution).
Only this conversion means a future annual demand of more than 7 million tons of bi-
omass pellets. This gap between European demand and European supply of biomass

pellets must be closed by pellet imports.

In Namibia and South Africa there is currently no real biomass pellet market estab-
lished. The local pellet plants in South Africa have even problems in the marketing of

biomass pellets due to the missing pellet market within South Africa and the small pro-
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duction capacities and resulting high specific transportation costs for an export to Eu-
rope or other continents. A first pellet plant is already closed. Due to the exceedingly
small demands for biomass pellets, the real market prices for biomass pellets are un-

specified in South Africa, but probably in a range of approximately 1,850 - 2,500 N$/t.

Eskom announced a large-scale biomass co-firing initiative with the aim to replace
about 10 % of its yearly coal consumption which would translate in an absolute de-

mand of > 20 million tons per year.
Conclusion:

Regarding an energetic concept development on the basis of Namibian invader bush
biomass pellets have great potential for export to Europe. The total demand will in-
crease, particularly for coal-fired power plants in countries with established promotion
system for the co-firing of biomass. A total supply - demand gap need to be closed by
international imports. The requirements for competitiveness on the global market need
to be explored by further in-depth research. Two factors are of critical importance being
the material quality with regard to high ash content of local bush material, as well as
the logistic costs due to the absence of any specialized infrastructure for big volume
bulk biomass export operations both on rail and port side. In Namibia or South Africa, a
biomass pellet market is not yet established. This however could change rapidly with
biomass utilization in power plants and/or industrial furnaces. Due to high bulk and en-
ergy densities and low transportation costs biomass pellets have the future potential to

supply industrial biomass markets in Namibia, South Africa and overseas.

5.2.3 Bio-coal Pellets/Torrefied Biomass Pellets

Bio-coal (torrefied biomass) is the product from the torrefaction, a thermo-chemical
process. Torrefaction can be described as a mild form of pyrolysis in an oxygen free
atmosphere with ambient pressure and typical temperatures between 250 and 320 °C.
The residence time of the biomass ranges from 20 to 40 minutes and depends on the
biomass and the particle size distribution. The aim of the torrefaction process (together
with a subsequent pelletization) is an increase of the mass- and volume-weighted en-
ergy density so that transport costs can be significantly reduced. Simultaneously a
product (torrefied biomass) with coal-like properties is formed, a so called bio-coal or
green coal. Typical sizes of bio-coal pellets are small cylinders with an average diame-
ter of approximately 6 to 10 mm (figure 5.14), similar to usual biomass pellets. The bulk
density is usually in the range of 750 - 850 kg/m® and the energy density in the range of
15 - 20 GJ/m®.
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Fig. 5.14: Bio-coal pellets (torrefied biomass pel  lets)

The overall process of torrefaction consists of several treatment stages such as coarse
grinding and drying, which are also known from alternative production processes de-
scribed before. Figure 5.15 shows a schematic process flow sheet of the overall torre-

faction process, which can be operated continuously.

Coarse

Drying Storage

grinding

grinding

Fig. 5.15: Process flow sheet of the overall torre  faction process

The first steps are normally a coarse grinding to get a homogenous patrticle size distri-
bution and a pre-drying to reduce the water content to lower than 10 %. A thermal pre-
drying step is endothermic so that an external energy supply is necessary. This energy
is usually the heat of hot gases from the combustion of volatile components of the bio-

mass from the subsequent torrefaction step.

After the pre-drying the torrefaction, i.e. the pyrolytic decomposition of biomass, takes
place in a special torrefaction reactor. Figure 5.16 shows a schematic overview of pos-
sible reactor types, which can be used for the torrefaction. During the torrefaction or-
ganic compounds of the biomass are thermally decomposed, whereas water and oxy-
genated compounds, mainly carbon monoxide (CO), carbon dioxide (CO,) as well as
organic acids, are extracted as volatiles from the biomass. The extracted volatiles, also
known as torrefaction gases, are combusted in a special combustion chamber. The
resulting heat is reused as energy source for the pre-drying and torrefaction step. Be-
sides the extraction of volatiles the fibrous structure of the lignocellulosic biomass, es-
pecially from woody biomass, is destroyed. The detailed process conditions of the tor-
refaction regarding to temperature and residence time depends on the biomass. Both
the temperature and residence time have to be chosen high enough for destroying the
fibrous structure of the biomass. But the chosen temperature and residence time must
not to be too high due to the avoidance of unwanted mass and heat losses in form of
additional volatiles. Typical process parameters for the torrefaction are temperatures of
250 - 300 °C, residence times of 20 - 40 minutes and almost atmospheric conditions.

The remaining proportion of solids after torrefaction is known as bio-coal or greencoal.
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Similar to the pre-drying step the torrefaction step is also endothermic so that an exter-

nal energy supply is necessary.

Rotary Kiln Reactor

Multiple Heat Furnace Torbed Reactor

Oscillating Belt Reactor Moving Bed Reactor Screw Conveyor Reactor

Fig. 5.16: Possible torrefaction reactor types

The process heat for the torrefaction and the previous drying can be provided through
a direct or indirect heat supply. In the case of direct heat supply hot gases flow through
the loose bulk of biomass and transfer heat by direct contact to the particles. Depend-
ing on the composition of the hot gases it can be additionally differentiated between the
direct heat transfer by hot flue gases from the combustion of torrefaction gases in the
combustion chamber and the direct heat transfer of hot torrefaction gases. To ensure a
good and uniform through-flow through the reactor, the feed of the loose bulk of bio-
mass is at the reactor head, whereas the torrefied biomass is discharged at the end of
the reactor. In terms of the indirect heat supply the heat transfer takes place by the
reactor wall. Figure 5.17 shows an overview of the various heat exchange concepts for

the torrefaction process.
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Fig. 5.17: Possible heat exchange concepts for the  torrefaction process
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Up to a water content of approximately 30 - 35 % in the raw biomass the overall pro-
cess of all heat transfer concepts run self-sufficient, so that no external heat supply is
required. The amount of heat resulting from the combustion of torrefaction gases is
high enough to supply both steps, the thermal pre-drying step as well as the torrefac-
tion step. Auxiliary fuel in form of natural gas or fuel oil is only needed for the start-up
procedure. The mass loss of biomass is typically in the range of 30 - 50 % and the en-
ergy loss in the range of 10 - 20 %. But both values depend on the reaction conditions

of the torrefaction step.

After the torrefaction step the torrefied biomass has to be cooled down quickly to tem-
peratures of < 70°C in an inert atmosphere, in order to avoid possible reactions of hot
torrefied biomass with oxygen. The cooling is usually indirectly with the aid of water.
After the torrefaction and cooling step a fine grinding and pelletizing or briquetting step
take place in order to increase the bulk and energy density of the torrefied biomass/bio-
coal. Due to the destruction of the fibrous biomass structure during the torrefaction step
the technical and energetic effort for the fine grinding of the total torrefaction process is
much lower than the effort for the fine grinding of the total pelletization process (chapter

5.2.3). For fine grinding a pin mill can be used.

The torrefaction technology is a relatively new technology which is currently in the de-
velopment phase. Only a few pilot plants are in operation till now. Figure 5.18 gives an
overview of different torrefaction technology supplier in Europe differentiated to the
reactor type and heat exchange concept.
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Moving Bed Reactor Multiple Hearth Furnace
- Rotawave (United Kingdom) - Andritz (Denmark)
(Micro Wave Reactor) Multiple Hearth Furnace

Fig. 5.18: Torrefaction technology supplier in Eur  ope differentiated in reactor
types and heat exchange concept

Bio-coal pellets can have a wide spectrum of applications. But at the moment there is
no real bio-coal market established neither in Europe nor in South Africa or Namibia
due to the missing amounts of available bio-coal pellets. Hence, the marketing oppor-
tunities for bio-coal pellets are currently not available, because the market is just de-
veloping. But the potential of bio-coal pellets should be very high, much higher than for
biomass pellets, because the material properties of bio-coal pellets concerning bulk
and energy density, grindability or storability are very close to fossil coal. Therefore,
fossil coal can be better substituted by bio-coal than by usual biomass pellets. This
applies especially for coal dust firing power plants, less for grate firing power plants.
The expenditures concerning required retrofit measures at coal dust firing power
plants, which are the most chosen power plant technology in Europe, are much lower
for the use of bio-coal pellets than for the use of biomass pellets. This aspect makes
the bio-coal so interesting, especially for Europe. Therefore, the bench market for bio-
coal pellets in Europe should be the usual industrial pellets so that a possible market
price could be in the range of 150 - 180 €/t (1,750 - 2,300 N$/t) due to the higher heat-
ing value of bio-coal pellets compared to usual biomass pellets (energy equivalent con-

version). European quality standards are currently not realized.

In South Africa, Eskom is planning to increase its biomass co-firing in coal based pow-
er plants to 10 %. Eskom is specifically interested in refined pellets, as the fuel is more
coal-like in its characteristics when compared with untreated biomass. Eskom further

sees the economic potential of the entire value chain supporting a future torrefaction
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process. Interesting also that Eskom is explicitly sensitive on the potential impact on
the long-term food-fuel dynamic in South Africa. The utility has started engaging with
potential technology providers to settle on the most appropriate technology for South
Africa’s needs. The model proposed is that Eskom provides the security of demand
needed for the creation of large-scale biomass production and processing to justify the
logistics and materials handling investment that will be required. Besides South Africa’s
biomass potential will not suffice to meet the future demand for black pellets. This as-
pect opens opportunities for other countries which have sustainable torrefied biomass
pellets supply. Given such resources, Namibia would find itself in a very competitive

situation.

In Namibia, NamPower is planning to co-fire the rehabilitated van Eck power stations
with biomass as from 2014/2015. NamPower is determined to utilize bio-coal due its
material similarity to fossil coal and the high energy density. The total demand for one
out of 4 units will be in the range of 220,000 - 260,000 tons of black pellets per year
(depending on the annual operation hours). Also, smaller industrial boilers in the food
or mining industry might be interested in black pellet combustion. Black pellets might
be an alternative to other forms of biomass for locations being distant to the re-

source/supply area and requiring large distance transportation.

Currently, there are only two small-scale/pilot non-commercialized torrefaction plants in
South Africa and one in Namibia (Greencoal). Their capacities are insignificant to satis-
fy or attract market for alternative energy or mitigation of carbon print. But a first indica-
tion for a possible market price for bio-coal should already be given. Current market
prices of bio-coal in South Africa (and Namibia) can be estimated to be in the range of
150 - 180 €/t (1,750 - 2,300 N$/t), comparable to European market prices.

Conclusion:

Regarding an energetic concept development on the basis of Namibian invader bush,
bio-coal pellets (torrefied biomass pellets) have great potential. However, there is no
current bio-coal market yet established, neither in Namibia and South Africa nor in Eu-
rope. The changes are high, however, that such markets will develop in future. . The
market potential of bio-coal is high due to the coal-like material properties and the
high demand for alternative biomass based fuels for big power generation plants like
coal-fired power stations. As there is currently no major consumer for bio-coal on the
market, a regular (white) pellet production plant should be established, and converted
into a bio-coal plant (by retrofitting a torrefaction step into a usual pellet production pro-

cess) as soon as a bio-coal market is established.
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5.2.4 Comparison of different Biomass based Product s

The different properties of the biomass products described above are summarized in

the following table 5.7 to allow a comparison between the different biomass based

products and fossil coal.

Tab. 5.7: Comparison of different biomass based fue  Is with fossil coal

. . Biomass Biomass Biomass Torrefied Bio- .
Characteristics Units Chips, undried  Briquettes/Logs Pellets mass Pellets Fossil Coal
Calorific Value [MJ/kg] 9-12 16 -18 16 -18 20-25 24 -29
Moisture [wt.-%] 30-45 8-12 8-12 1-5 7-18
\olatile Matter [wt.-%] 70-75 70-75 70-75 55 -65 21-36.5
Ash [wt.-%] 0-2 0-2 0-2 0-2 6—-30
Bulk Density [kg/m3] 150 — 250 350 - 500 550 - 750 750 - 850 800 — 850
Energy Density [GIm?] 2-3 52-74 75-11 15-20 22-24
Hydrophilic
(Interaction with Water) [l Yes Yes Yes No No
Grindability
in Standard Coal mill [l No No No Yes Yes

These varying product properties lead to different priority depending primarily on com-
bustion and logistics requirements. Bio-coal (torrefied biomass) is particularly suited for
co-firing in coal-fired power stations due to its coal-like properties concerning calorific
value, energy and bulk density, grindability and water resistance (hydrophobic proper-
ty). Biomass pellets can be used as a fuel for co-firing systems too, but requiring addi-
tional installations in the supply chain and at plant site due to hydrophilic property and

non-grindability in standard coal mills.

Furthermore, the energy and bulk density variations of the products impact on transpor-
tation costs. Hence, white pellets and specifically black pellets with their high bulk and
energy densities qualify for long distances transportation between harvesting and plant
site and further to the consumer/market. For the same reason, biomass chips are suit-

able for local consumption only.
Conclusion:

Regarding an energetic concept development on the basis of Namibian invader bush
each considered biomass based fuel has advantages as well as disadvantages. The
real potential depends on the technical application and resulting material properties
and the transport distance. These aspects are critical for the selection of the optimum
biomass fuel. Hence, a general-purpose recommendation cannot be made without

consideration of above context conditions.
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5.3 Logistics and Infrastructure

5.3.1 Point of Departure

5.3.1.1 Biomass and Supply Chain

Supply chain is a critical component impacting on the commercial viability of any bio-
mass utilization in Namibia, and beyond. As a rule of thumb it can be assumed that
supply chain costs account for < 30 % for local destination, depending on distance be-
tween supply and demand area, and for >50 % for international destinations. That
alone suggests that local consumption model is the preferable option, at least to kick
start a large scale of biomass utilization program in Namibia. Figure 5.19 presents an

example for the costs for biomass logistics and different destinations.

Fig. 5.19: Relative costs for biomass logistics an  d different destinations

5.3.1.2 Namibia Transport Infrastructure and Capaci ties

Figure 5.20 shows a Namibian map with the national road network differentiated ac-
cording to the surface type of the roads. The total length of the road network in Namibia
is about 45,387 km, but the main part of it is based on gravel roads or earth tracks. Just
a small part of about 6,000 km consists of bitumen. These bitumen roads create a
north-south link and a west-east link, with Windhoek as the capital lying central to this
network. They further connect with neighboring countries like Angola, Zambia, Zimba-

bwe, Botswana and South Africa.
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Fig. 5.20: Road network in Namibia differentiated  to the surface type

Figure 5.21 shows the Namibia railway network. The rail network has a total length of
2,626 km only. It essentially provides a north-south link with railheads in the east and
the north. The rail network is further connected to the port of Walvis Bay. The only re-

gional connectivity is via the south to South Africa.

Fig. 5.21: Railway network in Namibia
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The Namibia international seaports include the port of Walvis Bay and the port of Liide-
ritz. The port of Walvis Bay is the main Namibian commercial port which increasingly
plays an international role as the western gateway to the South African Development
Community (SADC). The port caters for containerized as well as break bulk and bulk
cargo. It currently embarks upon a port expansion program aiming at creating a new
container terminal and a bulk terminal to the north of the current port. Parallel or possi-
bly depending on the Namport project realisation, a private investment Gecko Vision
Industrial Park plans for a privately operated bulk port north of Swakopmund. Sched-

uled implementation date for that project is 2016.

5.3.1.3 Implications of Transport Infrastructure pr  ovision on
Biomass Bulk Transport

The Namibian transport infrastructure network bears a number of direct implications for

biomass (bulk) transport, amongst them the following ones:

First, the road and rail network provides linear access to harvesting areas, favoring
stretches along network lines and at modal nodes. It disfavors remote areas that are
de-linked from the infrastructure network. That determines geographical patterns of
priority harvesting and de-bushing areas. Secondly, Namibia is sparsely populated with
few small urban population centers and economic hubs. The settlement patterns result
in averaged large travel and transportation distances between point of origin and desti-
nations. For example the distance between the central bush encroached areas and the
port is minimum 350 km. Thirdly, and following from above, there are only few and
defined trade and resulting transport patterns established, e.g. into the capital of Wind-
hoek or northbound to the central north of Namibia. Biomass transport that comple-
ments such existing transport operations benefit from utilizing existing operational ca-
pacities and trade flows. In contrast, transport that is de-linked from current trade flows
is burdened by equipment mobilization costs as well as possible return rates that effec-

tively double the transport costs (for further details see below).

5.3.1.4 Assumption/Model

The logistics requirements depend on the business model pursued as regards produc-
tion volumes, supply and demand areas and market requirements, i.e. product quali-
ties. This study provides general logistics parameter for various modes of transport and
destinations. Concrete costings relates to a biomass production model of 100,000 ton

of biomass for industrial or energetic use. The supply area is Okahandja, 80 km north
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of Windhoek. This location takes account of an operational biomass harvesting and
processing operation, and is well positioned with regard to resource supply and to de-
mand areas. The model is small enough to support a pilot investment, and big enough

to support industrial and/or energetic applications (see below).

5.3.2 Biomass Value Chain and Supply Chain

5.3.2.1 General

The biomass value and supply chain comprised the components of figure 5.22

Fig. 5.22: Biomass value and supply chain
The supply chain must be differentiated between
local level, i.e. logistics between harvesting farm area and processing site

regional level, i.e. logistics between processing site and destination of industrial

and/or power plant site

international level, i.e. logistics between processing plant and international desti-

nation port

5.3.2.2 Local Level from Farm to Processing Plant

Following harvesting, drying of material and chipping, the biomass chips need to be
transported from farm to plant. As described under chapter 5, there are different op-
tions for local transport ranging from small scale tractor/trailer combinations to large

scale horse/trailer combinations. The volume and weight specifications of biomass
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chips (150 - 250 kg/m®) alone suggest a big volume transport option as the most eco-
nomical solution. The study model scenario operates with a horse and a 108 m? trailer
with a walking floor. The latter is specially built for ease of offloading of chips. It allows
maximum capacity utilization of up to 27 tons which is close to the maximum payload of

Namibian trucking operations.

Important is the distance between farm and processing site, or the (maximum) harvest-
ing radius from the processing site. Current de-bushing operations operate with differ-
ent harvesting radius varying between 25 km (OBI) and 75 km (EEF). The NamPower
study calculates for three power plant locations (Otjiwarongo 5 MW, Otjikoto 20 MW
and Ohorongo 20 MW) with similar range of transport distances of 35, 55 and 65 km
respectively [13]. Contrasting these scenarios the STEAG/Transworld Cargo study cal-
culates for 5 MW power stations with distance from farm to plant of between 13 and 22

km.

Supply chain costs further include storage, handling and packing costs. These can be
estimated to amount to a total of 60 N$/t for handling and material costs. A rough ap-
proximation of farm bound transport costs result from a combined rate for gravel and
tarred road utilization and is estimated to be around 20 N$ per running kilometer. Obvi-

ously, for a harvesting area/radius a return rate must be applied.

5.3.2.3 Regional Level from Plant to Site

The regional transport covers the logistics from plant to demand site including storage
and handling (e.g. loading). Here the scenario for plant to inland destination is consid-
ered for the Namibian capital Windhoek, the coastal business hub Walvis Bay, the
northern population centre Oshakati and the regional hub of Johannesburg as example
sites. Given the situation in Namibia and the scope of the pilot project , the most eco-
nomical option is the transport in big bags (650 kg per bag for white pellets and 800 kg

per bag for black pellets) as break bulk on rail or road depending on availability.

Rail transport is available along the main rail lines within Namibia for selected locations
covering the medium sized municipalities of central and northern Namibia. The rail
rates depend primarily on commodity, volume and origin/destination. The rail rate is
140 N$/t for Okahandja to Walvis Bay, or approximately 0.4 N$ per ton and km. That
corresponds more or less with the trucking rate per running km, as per below. How-
ever, the t/km rail rate varies between destinations depending on location and trade
flows. For example Okahandja to Windhoek costs approximately 1 N$ per ton and km

and is thus 2.5 times higher than from Okahandja to Walvis Bay.
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On the road side, the existing flow of trade and availability of return loads impacts sub-
stantially on transport rates. In general a trucking rate of 13 N$ per running km for a 33
ton truck or a N$ per ton and km rate of 0.4 can be applied. In the absence of return
loads, however, a full return rate must be applied. In contrast to this, the utilization of
empty return loads on the route to South Africa (e.g. Johannesburg) will subsidize the
transport rate to an amount of 7 N$ per running km or a N$ per ton and km rate of 0.2.
Table 5.8 shows the rail and road rates for bulk transport from Okahandja to selected

destinations.

Tab. 5.8: Rail and road rates for bulk transport fr  om Okahandja to selected des-

tinations
Destination Distance [km] Rail [N$/t] Road [N$/1]
Walvis Bay 353 141 138
Windhoek 70 77 28
Tsumeb 530 213 208
Oshakati 810 388 319
Keetmanshoop 580 230 228
Johannesburg 1500 n.a. 303

In conclusion, the transport rates in the Namibian context are not a function of distance
only. It can vary considerably depending on location and corresponding trade flows and
infrastructure or service availability at supply/demand site. The scope of rates varies by
a factor of 5, which underlines the importance of supply chain costs and corresponding

locational factors.

5.3.2.4 International Level from Plant to Internati  onal Port Des-
tinations

The international transport covers the logistics from plant site to international port des-
tinations including inland transport, port handling and ocean freight. Given the project
scope, the preferable biomass handling is in break bulk giving access to existing trans-
port equipment and rail and port infrastructure. The ocean freight is per part charter
vessels with 5,000 to 7,000 tons parcel shipment. Such part charter vessels are avail-
able in Walvis Bay on the Europe-Southern Africa route, e.g. through MACS shipping
with a bi-weekly sailings out of Walvis Bay. Table 5.9 shows an overview of interna-

tional transport costs from the supply area Okahandja.
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Tab. 5.9: International transport costs based onth e supply area Okahandja

Transportation Costs [N$/]

Inland Rail Transport 141
Inland Road 138
Port Charges in Walvis Bay 22
Subtotal FOB Walvis Bay (app 160
Ocean Freight 630
Total 790

The international costs vary tremendously with the volumes in question. A large scale
export program of several hundred thousand tons per year would attract new and spe-
cialized services and considerably lower freight rates. It can be estimated that the
ocean freight rate for a dedicated bulk transport to be at least 50 % less than the rates
offered above. Such volumes however also require investments in transport infrastruc-

ture and capacities both on the rail and the port side.

5.4 Levelized Costs of Electricity

The levelized costs of electricity are also an important aspect for a biomass concept
development in Namibia, as biomass based power generation must be competitive
against other technologies and energy sources. Figure 5.23 gives an overview of the
expected levelized costs of electricity of different energy sources based on European
standards/experiences and tailored to the context conditions of Namibia. Conventional
as well as renewable energy sources are shown. Additional costs for CO,-certificates

for the combustion of fossil coal are not considered.

The figure illustrates that the costs for biomass power generation is at about 0.8 -1.4
N$/kWh and thus amongst the most competitive technologies. This figure is considera-
bly lower than previous studies suggest but compares well against international
benchmarks. The NamPower prefeasibility study for biomass power plant in Namibia
provides a power generation cost of a minimum of 1.7 N$/kWh [13]. Unfortunately, the
public version of the document does not allow to fully evaluating the underlying cost
calculation. Our interpretation is that the biomass supply costs, the plant procurement
costs as well as the operation and maintenance costs are in line with our estimates.
The differences in bottom line generation costs remain unclear. At the other end of the
scale is heavy fuel oil technology supported by the fact that the heavy fuel oil-fired
power stations Paratus and Anixas are currently operated only as peak load power
stations. The costing of heavy fuel oil also presents an opportunity for biomass to re-

place heavy fuel oil in industry applications.
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Fig. 5.23: Assumed levelized costs of electricity for Namibia
Conclusion:

With the low and very competitive energy generation costs of biomass power plants,
this technology provides a future complementary alternative to conventional power
generation in Namibia. The biomass power plants are able to operate as base load

plants and enhance the power supply situation in, and independence, of Namibia.
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6 Concept Development for Future Energetic Utiliza-

tion of Namibian Biomass

The following recommendations provide relevant options for the future energetic bio-
mass utilization. These options are guided, amongst others, by baseline data as pre-
sented in previous chapters of this report, and by current supply and demand parame-
ters of the Namibian biomass sector and available technical expertise. This allows in
principle for implementation in a short term perspective. Thus, these options should
qualify as pilot developments/investments with the potential to subsequent roll out. Pri-

ority options in such a context are the following:
Decentralized small scale biomass power station

Decentralized small scale hybrid power station on the basis of biomass and solar

heat

Production of biomass based fuels (chips, white pellets, black pellets/bio-coal

pellets) for national and/or foreign markets

The locational recommendation for an initial investment and/or pilot plant is for
Okahandja in the Otjozondjupa region. Okahandja provides for a medium sized de-
mand profile of a small municipality with an industrial cluster including food industries
such as Meatco and the SAB Miller brewery, for sufficient availability of biomass re-
sources being part of the heavily bush encroached area, as well as for an operational
harvesting and processing facility with a sizeable scope of 10,000 t/a. In addition, it
allows for direct access to national transport infrastructure for both rail and road which
ensures good connectivity to local markets and, via Walvis Bay a/o Windhoek, to re-
gional and international markets in South Africa and overseas. Other locations such as
Otjiwarongo, Otavi/Grootfontain/Tsumeb and Gobabis with comparable though not ide-
al profiles should be considered for roll out of the pilot investment. Finally, the power
generation for local consumption is the strategic priority followed by biomass produc-

tion for export markets.

6.1 Construction of Decentralized Biomass Power Sta tions

The use of Namibian biomass in decentralized biomass power stations is a very prom-
ising approach. The invader bush as fuel is cheap and has very good fuel properties.
Biomass power stations are able to combust invader bush in form of wood chips. And,

the proposed biomass power stations with 5 MW capacities have the advantage of lim-
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ited fuel supply requirements which allows for the proximity of harvesting/supply areas
and the biomass power stations. So necessary pre-treatment as well as transportation

costs for wood chips can be held at minimal levels.

Decentralized power stations are particularly suited for geographically integrated sys-
tems within the bush encroached area and close to towns with high power demand.
Such locations have the further advantage of being independent on the national grid

with only short distances to be bridged and low transmission related energy losses.

6.1.1 Plant Description

A decentralized biomass power station usually consists of different sectors: fuel stor-
age, combustor, flue gas cleaning system and steam turbine. The fuel storage as first
sector is designed on the biomass, the Namibian invader bush. The supply of the re-
quired biomass quantity proceeds by road transportation. Hence, the already chipped
and pre-dried invader bush comes via truck from different pooling stations of the bio-
mass area around the biomass power station. The unloading of the supplied biomass
chips takes place at the storage area of the plant site. The biomass storage consists of
several roofed or unroofed storage boxes, bunkers with push floors and an additional
open fuel storage for longer storage times (reserve for biomass supply bottlenecks and
long weekends). A wheel loader fills the storage boxes. For the case that oversized
bulky wood material will be delivered (particle size > 300 mm), an additional mobile
shredder will be needed for shredding of the wood, because excess lengths can lead to
failures by blocking the transport systems. From the storage boxes the wheel loader
feeds two bunkers with biomass. Each bunker is equipped with a push floor. The both
push floors feed automatically a shared transport system, so that the biomass chips
can be provided to the feed hopper of the subsequent furnace. The storage capacity of
the two bunkers is rated at approximately 300t that corresponds to approximately
750 m* and one day of full load biomass combustion. The total biomass fuel storage is
adequately sized, so that 100 % load operation of the biomass combustor is ensured
for long durations without any supply of biomass, e.g. long weekends or other supply
bottlenecks. Due to the climatic conditions in Namibia, the biomass storage could be
performed open-air. Possible biological degradation is not an important issue concern-

ing storage system and strategy.

For the combustion of biomass there are various combustion technologies available
like grate furnaces or fluidized bed boilers. Figure 6.1 shows a typical process flow-

sheet of a decentralized biomass power station with moving grate.
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Fig. 6.1: Typica_l process flow-sheet of a biomass power station on the base of
a moving grate

The different combustion technologies have specific advantages and disadvantages,
depending on fuel properties. But for coarse materials like biomass chips the grate fur-
nace system is preferred and mostly chosen due to a higher flexibility regarding to in-
homogeneous particle size distribution and lower investment costs in comparison to
fluidized-bed boilers. For regions like southern Africa moving-grate-stokers are the pre-
vailing grate furnace type, which transports the material in axial direction through the
combustion chamber. Primary air is fed from below through the moving-grate cooling
the grate and offering the required oxygen for combustion. The feed of primary air can
be staged along the grate so that the combustion conditions can be improved. Second-
ary air is fed above the moving-grate and is required for the total burnout of the hot flue

gases.

After the secondary combustion the hot flue gas reaches the boiler where the flue gas
is cooled down. At the same time process steam is generated via economizer, evapo-
rator and super heater. The nominal steam conditions at the outlet of the boiler are set
to 60 bar and 427 °C. Higher steam parameters would raise the risk of corrosion due to
the chlorine and alkaline metal content of the biomass. Regarding to the flue gas clean-
ing system only a dust separation is necessary to fulfill emission restrictions. The dust
separation can consists of a cyclone in combination with a bag house filter or an elec-
tric filter. Figure 6.2 shows a typical site plan, which has to be adapted to the local con-

ditions of each biomass power station.
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Fig. 6.2:  Typical site plan of a biomass power sta  tion

Due to inspections, repairs, planned-outages and forced-outages, 7,500 full load hours
of the incineration plant per year have been considered. Depending on the heating val-
ue of the biomass (16 - 18 MJ/kg) and the typical boiler efficiency of a grate furnace
system of 86 % the capacity of the biomass combustor is rated at approximately
30,000 t/a so that approximately 45,000 t/a undried invader bushes (12 - 13 MJ/kQ)
have to be harvested. The flue gas flow is rated at approximately 25,000 - 35,000
Nm®h. The design of the furnace and the steam boiler is based on European stand-

ards and finally has to be adapted to African technology.

6.1.2 Resource Supply Situation

Okahandja and others of the identified sites have an energy demand of approximately
5 MW, resulting from an averaged electricity consumption of 1,800 kWh per inhabitant
and year. Table 6.1 gives an overview of other parameters for the concept design of

decentralized biomass power stations.
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Tab. 6.1: Parameter for the concept design of decen tralized biomass power

stations

Energy Demand Parameters

Namibian Population [P] 2,560,000
Namibian Power Demand [GWh/a] 45
Specific Power Demand [kWh/(a P)] 1,800

Plant Parameters

Power Output [MW] 5
Operation Hours [h/a] 7,500
Electrical Efficiency [%] 25

Biomass and Harvest Parameters

Water Content before Air Drying [%] 40
Calorific Value (Undried Biomass) [MJ/kg] 12,5
Water Content after Air Drying [%] 10
Calorific Value (Dried Biomass) [MJ/kg] 18
Harvesting Cycle [a] 10
Harvest Rate per Hectare [%] 50

Table 6.2 presents the required harvesting area supporting a 5 MW biomass power
plants, based on further variables such as differing local bush densities, varying re-
source costs and an availability factor that takes account of geographically or otherwise

not available biomass resources (e.g. lack of farmers consent).

Tab. 6.2: Harvesting area and radius for biomass su  pply in support of 5 MW
biomass power plants (Okahandja as pilot plant)

Location Okahandja Otjiwarongo Grootfontein Tsumeb Otavi Gobabis

Power Output 5 5 5 5 5 5

Population - 22,500 28,000 16,200 19,200 5,200 19,000

Theoretical Power Demand [MwW] 5.4 6.7 3.9 4.6 13 4.6

Biomass Demand (undried)  [t/a] 45,000 45,000 45,000 45,000 45,000 45,000

Bush Density [t/ha] 10 - 15 15 - 20 15 - 20 15 - 20 15 - 20 10 - 15

Average Bush Density [t/ha] 125 175 175 175 175 125

Harvesting Amount [%] 50 50 50 50 50 50

Availability [%] 50 - 100 50 - 100 50 - 100 50 - 100 50 - 100 50 - 100

Harvest Area [WEEIM 7,000 - 14,000 5,000 - 10,000| 5,000 - 10,000/ 5,000 - 10,000(5,000 - 10,000 7,000 - 14,000

Average Harvest Area [ha/a] 10,500 7,500 7,500 7,500 7,500 10,500

Total Harvest Area for
10-Year-Harvest-Cycle

[ha] 105,000 75,000 75,000 75,000 75,000 105,000

Harvest Radius [km] 154 - 21.4 12.8 - 18.1 128 - 18.1 12.8 - 18.1 128 - 18.1 154 - 21.4
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The required harvest area is for each plant site in a range of 75,000 - 105,000 ha and
the corresponding harvest radius is between 13 and 22 km. Figure 6.4 shows a Namib-
ian map with selected sites for decentralized biomass power stations and the resulting

harvest radius around each plant. Additionally, the distribution of bush densities is

shown.
Oshikango
Ondangwa
Omuthiya Bush Density:
Oshivela Low 8-12 t/ha
Medium 12- 16 t/ha
Biomass ‘ Tsumeb
Demand for ) High 16-20 t/ha
Decentralized Otavi ‘ B sotfonte
Power plant .
Outjo
. Otjiwarongo
Omaruru
Usakos B ‘ Okahandja Gobabis
100 km Arandis Karibib
— Swakopmund Windhoek .
Walvis Bay

Fig. 6.2: Selected sites for biomass power plants and supporting harvesting
area (Okahandja as pilot plant)

The resulting areas are minimal as compared to the overall area scope of the bush

encroachment area. Hence, the potential for additional biomass to energy projects in

Namibia is high.

6.1.3 Economic Analysis

The overall profitability of biomass power plant sites is summarized in table 6.3. The
harvesting method is based on the method with excavators due to optimum results in
the evaluation under chapter 5.1. In addition, different scenarios for the price and avail-
ability of biomass have been considered. The prices were calculated on the basis of

optimum project conditions.
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Tab. 6.3: Scenario profitability analysis for 5 MW decentralized biomass power

stations

Range No. Scenariol No. Scenario2  No. Scenario3  No. Scenario 4
Harvesting Amount - - 30,000 - 30,000 - 30,000 - 30,000

0-50 - 0 - 0 - 50 - 50

50 - 100% - 100% - 50% - 100% - 50%

Excavator [N$] 1,500,000 4 6,000,000 4 6,000,000 4 6,000,000 4 6,000,000
Mobile Chipper [N$] 2,000,000 4 8,000,000 4 8,000,000 4 8,000,000 4 8,000,000
Tractor (with Gripper Arm; [N$] 1,000,000 4 4,000,000 4 4,000,000 4 4,000,000 4 4,000,000
Trailer [N$] 500,000 4 2,000,000 6 3,000,000 4 2,000,000 6 3,000,000
Truck [N$] 1,000,000 4 4,000,000 6 6,000,000 4 4,000,000 6 6,000,000
Investment Costs [N$] - 24,000,000 27,000,000 24,000,000 27,000,000
Service Lifetime [a] 10 - 10 - 10 - 10 - 10
Maintenance Costs [N$/a] 2% of Inv./a - 480,000 - 540,000 - 480,000 - 540,000
Personnel Costs [N$/a] - 41 1,175,000 45 1,275,000 41 1,175,000 45 1,275,000
Fuel Costs [N$/a] - - 3,254,400 - 3,384,000 - 3,254,400 - 3,384,000
Biomass Supply Costs [N$/t] - - 275.00 - 298.00 - 325.00 - 348.00
Biomass Plant [N$] 240,000,000 1 240,000,000 1 240,000,000 1 240,000,000 1 240,000,000
Skid Loader [N$] 1,000,000 2 2,000,000 2 2,000,000 2 2,000,000 2 2,000,000
Maintenance Costs [N$/a] 3% of Inv. /a - 7,260,000 - 7,260,000 - 7,260,000 - 7,260,000
Personnel Costs [N$/a] 30 30 | 1,300,000.00 | 30 | 1,300,000.00| 30 | 1,300,000.00| 30 | 1,300,000.00
LCOE [N$/kWh] - - 1.027 - 1.046 - 1.067 - 1.086

All scenarios allow for energy generation costs of less than 1.1 N$/kWh, in the range
between 1.02 and 1.09 N$/kWh. The result confirms the presentation of levelized cost
of electricity under chapter 5.4 and the competitiveness of biomass based power gen-
eration. With these results, decentralized biomass power stations can play a central

role in Namibia’s future energy generation system.
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6.2 Construction of Decentralized Hybrid Power Stat ions on

the Basis of Biomass and Solar Heat

An alternative to the decentralized biomass power stations are hybrid power stations. A
hybrid power station is a combined solar biomass plant, which consists of a biomass
combustion plant and a solar thermal plant. Both single plants are combined via a joint
water-steam-cycle to one plant with one turbine for the generation of electricity. The
advantage of this hybrid power station concept is improved controllability concerning
the power supply/demand in comparison to a biomass power station. The power gen-
eration of a hybrid power station can be better adjusted to the fluctuating power de-
mand between day- and night-time. The biomass combustion plant acts as base load
power plant for the generation of the base power demand , whereas the solar thermal
plant however acts as peak load power plant for the generation of the peak power de-
mand during day-time. The independency from the power grid and possible power im-
ports would be extra high, if both parts are tailored to the specific conditions of the se-

lected locations.

The environmental conditions in Namibia for a combined solar biomass plant concept
are very supportive. In addition to the availability of biomass, as described in the previ-

ous chapter, Namibia enjoys high irradiation conditions during the entire year

STEAG is operating both biomass as well as solar power plants as individual and inde-
pendent units. STEAG currently designs an integrated hybrid plant in India. A Namibia
based pilot hybrid plant could thus benefit from existing R&D experiences, and position

Namibia as an international technology innovation hub in hybrid power generation.

6.2.1 Plant Description

The combined solar biomass power station concept consists of a biomass combustion
plant and a solar thermal plant which are linked together via a joint water-steam-cycle.
The design of the biomass combustion plant including the biomass supply and storage
system corresponds to the decentralized biomass power station and is described in
chapter 6.1.1.

Especially parabolic trough collectors and linear Fresnel collectors are suitable to build
up a solar thermal plant for a solar topping system. These two types of collectors allow

an easy extension of the solar field later on. While parabolic trough collectors are usu-
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ally operated with a heat transfer fluid like thermal oil, the generation of saturated

steam is state-of-the-art for linear Fresnel collectors.

Using linear Fresnel collectors the solar field can be used to preheat and vaporize feed
water in order to inject it directly into the boiler drum. Typical steam delivery conditions
at the solar field outlet are saturated steam of 55 bar and approximately 270°C. At
800 W/m? corrected DNI (Direct Normal Irradiation) a typical linear Fresnel system can
generate roughly 0.5 t/h saturated steam per 1000 m? land area. Figure 6.4 shows a
typical site plan, which has to be adapted to the local conditions of each hybrid power

station.
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Possible Size for Solar Field with Absorber

Fig. 6.4: Typical site plan of a hybrid power stat  ion with a combined solar bio-
mass plant

A detailed solar field layout and design has to be based on the solar topping concept,

general local conditions and type of solar thermal technology. If the concept is to gen-

erate approximately 20 % of the saturated steam in the biomass boiler based on solar
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energy at very high solar irradiation, a land area of approximately 10,000 m? will be

necessary for the installation of a solar field.

The design parameters of the solar field are not worked out in this study. Based on the
general conditions, the ambient conditions at site and the concept for the solar topping
system the design parameters vary. For example the concept of the solar topping sys-
tem will influence the design of solar part substantially. If saturated steam is generated
directly, it can be injected in the boiler drum. If there is a feed water heating system,
solar heat could also be utilized in this part of the power plant, which will result in an-
other design of the solar part. Other important input parameters for the design concept
are the solar irradiation conditions at site and the solar share in the plant. It has to be
determined at which solar conditions which amount of steam has to be delivered. The
design will be different whether a high solar contribution over the year or a high solar

contribution at peak times should be realized.

6.2.2 Resource Supply Situation

The biomass part of the hybrid plant would not substantially differ from the sole bio-
mass power plants. Thus the principal biomass parameters regarding resource re-
quirements, harvesting demand etc. remain as described under the previous chapter
6.1.2.

6.2.3 Economic Analysis

A substantive economic analysis for a hybrid concept would require some further re-
search. However, the levelized costs of electricity of chapter 5.4 give a first indication of
the electricity costs of a hybrid plant. It is fair to assume that the resulting levelized
costs of electricity are certainly higher for a hybrid power station than for a stand-alone
biomass power station, but considerably lower than for a stand-alone solar thermal

plant.
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6.3 Production of Biomass based Fuels for the Natio nal and

Foreign Markets

The production of biomass based fuels for national and foreign markets would include
torrefied biomass (bio coal/black pellets), biomass pellets (white pellets) and biomass
chips. The preference primarily depends on the used combustion technology with re-
sulting fuel requirements, and the involved logistics. The potential priority markets

would include

Windhoek with the rehabilitated van Eck Power Station as well as industries

such as Meatco and Namibian Breweries as consumers

Erongo region (e.g. Swakopmund) with the mining sector including Gecko Vi-

sion Industrial Park (gecko power plant under consideration)

biomass supply for Europe destined to ARA ports (Amsterdam, Rotterdam,

Antwerpen as harbor)
All geographic segments have potentially big volume demand for biomass:

Windhoek, the capital of Namibia, hosts a number of energy-intensive companies from
the wider food industry sector. These companies use fossil fuels, especially costly
chestnut coal, which could be substituted by biomass based fuels. NamPower is com-
mitted to co-combust biomass in the rehabilitated van Eck Power Station, with a pref-
erence on bio-coal. However, it might be worthwhile to alternatively consider the use of
biomass chips thus allowing van Eck to become a base load power station as opposed
to a peak load station only. That however would require further investigation and possi-

bly test runs with individual units.

In the Erongo region (Swakopmund/Walvis Bay), the expanding mining sector as well
as the fishing industry has a potential future demand for biomass. The first includes
the Gecko Vision Industrial Park which pursues the plan for a local power plant. The
fishing industry uses lumpy chestnut coal or heavy fuel and, given the energy genera-

tion costs, could benefit from a biomass substitute.

Europe and specifically countries with a biomass supportive legislation such as United
Kingdom, Belgium, Sweden, Denmark, Poland and the Netherlands have an increasing
demand for biomass based fuels for co-combustion and substitution of fossil coal in
coal-fired power plants. It is generally accepted that these demands can not be met by

European production but must be imported.
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A similar situation applies to South Africa provided that Eskom in future commits to the
complementary use of biomass. Again, the potential future demand can not be met by
South African resources and needs to be imported primarily from the Southern Africa

region.

The production of biomass based fuels is proposed to complement decentralized bio-
mass power stations in order to capitalize on synergies. The latter would include the
utilization of biomass infrastructure and logistics, the availability of biomass supply ca-
pacities including manpower and know how as well as the material combina-
tion/separation for differing combustion purposes (e.g. separation of components with
high ash content concerning higher product quality and combustion in decentralized

biomass power station).

A total production capacity of 300,000 t/a should be considered that is possibly shared
by three supply areas. This volume is based on the biomass demand of van Eck (one
of the four 30 MW grate furnaces could be completely fired with biomass or bio-coal).
This could be complemented by bulk exports to South Africa or Europe. The pro-
cessing plant for white or black pellets depends on the consumer/market demand and
opportunity. The process could start with a pilot plant of approximately 50,000 -
100,000 t/a production capacity being located in Okahandja. This initial investment
could be successively scaled up with volume related process and cost optimization

effects.

6.3.1 Plant Description for White/Black Pellets

The design of the three biomass based fuel production plants corresponds to the sim-
plified plant descriptions in chapter 5.2. Each site is designed for a capacity of 100,000
t/a. The process flow sheet for the production of usual pellets (white pellets) is shown in
figure 6.5. By implementing a torrefaction step between raw material storage and
hammer mill the pellet plant can be upgraded for the production of bio-coal pellets
(black pellets). For the production of biomass chips however only a collecting site is
required due to the air drying and chipping process at the biomass sites on the farms.
In comparison to other biomass supply regions no additional thermal drying is required
which reduces both investment and production costs substantially. On-farm air drying
alone produces material with a moisture content of approximately 10 %, which is the

optimal moisture content for the feed of the torrefaction and pelletizing step.
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Fig. 6.5: Process flow sheet for the production of white pellets with an optional
integrated torrefaction process step for the produc tion of black pel-
lets (red marked)

Due to inspections, repairs, planned-outages and forced-outages, 7,500 full load hours

of the biomass based fuel production plant per year have been considered. Depending

on the heating value of the dried raw biomass (16 - 18 MJ/kg) the capacity of each pro-

duction plant is rated at approximately 100,000 t/a so that approximately 145,000 t/a

undried invader bushes (12 - 13 MJ/kg) have to be harvested. The resulting heating

values of white pellets are at about 18 MJ/kg. Due to the additional mass and energy
loss during the torrefaction process approximately 210,000 t/a undried invader bush

have to be harvested, whereas the heating value of black pellets is around 22 - 25

MJ/kg. The design of the biomass based fuel production plants is based on European

standards and is adapted to Namibian context (e.g. weather conditions).
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6.3.2 Resource Supply Situation

The concept approach for the production of biomass based fuels for the national and
foreign power industry has been developed for three selected plant sites with sufficient
biomass supply (for 5 MW biomass plant and an additional 100,000 ton production ca-
pacity) as well as access to transport infrastructure. Table 6.4 gives an overview of

additional parameters for the concept design of biomass based fuel production plants.

Tab. 6.4: Parameters for the concept design of dece ntralized biomass power
stations

Energy Demand Parameters

Namibian Population [P] 2,560,000
Namibian Power Demand [GWh/a] 45
Specific Power Demand [kWh/(a P)] 1,800

Plant Parameters

Power Output [MW] 5
Operation Hours [h/a] 7,500
Electrical Efficiency [%] 25

Biomass and Harvest Parameters

Water Content before Air Drying [%] 40
Calorific Value (Undried Biomass) [MJ/kg] 12,5
Water Content after Air Drying [%] 10
Calorific Value (Dried Biomass) [MJ/kg] 18
Harvesting Cycle [a] 10
Harvest Rate per Hectare [%] 50

Furthermore, various invader bush densities were assumed for each location depend-
ing on the average invader bush density given in the figure 4.1. These assumptions
result in a required harvesting area and radius. The calculated harvesting area and
radius for biomass supply of the three proposed biomass chips or white pellet produc-
tion plants are shown in table 6.5, for the black pellet production plants in table 6.6. The
harvesting area and radius for the production of black pellets are slightly higher than
for the production of chips or white pellets due to the mass and heat loss during the

torrefaction process and the corresponding biomass demand.
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Tab. 6.5: Calculated harvest area and harvest radiu s for biomass supply of the
biomass power stations and the integrated biomass ¢ hips or white
pellet production plants at selected sites (Okahand  ja as pilot plant)
Location Okahandja Otjiwarongo Gobabis
Power Output [MwW] 5 5 5
Pellet Output [t/a] 100,000 100,000 100,000
Biomass Demand (undried) [t/a] 145,000 145,000 145,000
Bush Density [t/ha] 10 - 15 15 - 20 10 - 15
Average Bush Density [t/ha] 12.5 17.5 12.5
Harvesting Amount [%] 50 50 50
Availability [%] 50 - 100 50 - 100 50 - 100
Harvest Area EZIl 23,000 - 46,000/17,000 - 34,000|23,000 - 46,000
Average Harvest Area 35,000 25,500 35,000
1o Harvest e’izeg;glg 350,000 255,000 350,000
Harvest Radius 27.2 - 38.4 23.0- 325 27.2 - 38.4
Tab. 6.6: Calculated harvest area and harvest radiu s for biomass supply of the

biomass power stations and the integrated black pel

plants at selected sites (Okahandja as pilot plant)

let production

Location Okahandja Otjiwarongo Gobabis
Power Output [MW] 5 5 5
Torrefied Pellet Output [t/a] 100,000 100,000 100,000
Biomass Demand (undried) [t/a] 210,000 210,000 210,000
Bush Density [t/ha] 10 - 15 15 - 20 10 - 15
Average Bush Density [t/ha] 12.5 17.5 12,5
Harvesting Amount [%] 50 50 50
Availability [%] 50 - 100 50 - 100 50 - 100

Harvest Area 4=V 34,000 - 68,000

24,000 - 48,000

34,000 - 68,000

Average Harvest Area 51,000 36,000 51,000
Total Harvest Area for

10-Year-Harvest-Cycle 510,000 360,000 510,000
Harvest Radius 32.7 - 46.3 27.6 - 39.1 32.7 - 46.3
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The differences between table 6.5 and 6.6 concerning the necessary harvesting area
and radius are marginal. The total harvest area for each site is between 255,000 -
510,000 ha (over a ten years period) corresponding to a required harvesting radius of
23 -46 km. Hence, additional collecting sites for the harvested biomass might be re-
quired due to the longer transport distances between harvesting and production site. At
the collecting sites a transfer to vehicles with bigger load volumes takes place in order

to reduce transportation costs.

Figure 6.6 shows a Namibian map with the necessary harvest radius around each de-
centralized biomass power stations, whereas the three power stations Okahandja (as
pilot plant), Gobabis and Otjiwarongo are upgraded to the additional production of bio-

mass chips or white pellets. Additionally, the distribution of bush densities is shown.

Oshikango
Ondangwa
Omuthiya Bush Density:
Oshivela Low 8-12 t/ha
Biomass Medium 12- 16 t/ha
Max Tsumeb
Demand f_or ‘ High 16-20 tha
Decentralized Otavi‘ ‘
Power Plant Grootfontein
Outjo
Additional -
Demand for ‘Otjlwarongo
M Biomass Pellet
X production
Omaruru
Usakos . Okahandja ¢ papis
100 km Arandis Karibib
Swakopmund Windhoek
Walvis Bay

Fig. 6.6: Namibian map with sites for biomass chip s or white pellet production
linked with decentralized biomass power stations in cluding the nec-
essary harvest area (Okahandja as pilot plant)
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Figure 6.7 shows the same Namibian map with the sites for black pellet production

linked with decentralized biomass power stations including the necessary harvest area.

Oshikango
Ondangwa
Omuthiya Bush Density:
Oshivela Low 8-12 t/ha
Biomass Medium 12- 16 t/ha
Max Tsumeb
Demand f_or ‘ High 16-20 tha
Decentralized Otavi‘ ‘
Power Plant Grootfontein

Outjo
Additional )
Demand for Otjiwarongo

Bio-coal Pellet

Max

Production
Omay
Usakos kahandja Gobabis
100 km Arandis Karibib
Swakopmund Windhoek
Walvis Bay

Fig. 6.7:  Namibian map with sites for black pellet production linked with decen-
tralized biomass power stations including the neces sary harvest area
(Okahandja as pilot plant)

The maps illustrate the sizeable but still limited area scope of the harvesting leaving

additional biomass utilization opportunities.

6.3.3 Economic Analysis

After the investigation of the necessary harvesting areas an estimation concerning the
biomass supply costs are done for the regions Windhoek, Erongo (Walvis
Bay/Swakopmund) and Europe on the basis of the biomass based fuels chips, white
pellets and black pellets. Table 6.7 contains a rough estimate for the resulting biomass
supply costs for the three investigated regions for to the three biomass based fuels.
The considered harvesting method is based on the method with excavators due to the
best results in the evaluation of the former table 5.1. The impact of a possible biomass
raw material price and an availability factors are also considered. The availability factor
contains again the cross-country tread and a farmer agreement for supplying the bio-

mass.
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Tab. 6.7: Rough assumption concerning the biomass s upply costs for the three

destinations Windhoek, Erongo and Europe according to different bi-

omass based fuels

. . Bio-Coal
Unit Chips Pellets Pellets
Harvesting Amount [t/a] 145,000 145,000 210,000
@ Biomass Price [N$/t] 0-50 0-50 0-50
@ Availability Factor [%] 50 - 100 50 - 100 50 - 100
% Service Lifetime [a] 10 10 10
T
Harvesting Costs [N$/] 287 - 375 287 - 375 287 - 375
# Investment Costs (per Plant) [N$] - 96,000,000 | 300,000,000
]
(&S]
£ Pellet Production Costs [NS$/t] , 572-660 | 905-1030
Transport Costs (< 250 km) [N$/t] 100 - 325 32-85 28 - 58
X
()
o
5 Supply Costs per tonne [N$/t] 356 - 444 640 - 724 973 - 1098
=
£
Supply Costs per GJ [N$/GJ] 19.7 - 24.6 35.5-40.5 44.2 -49.9
§ Transport Costs (< 600 km) [N$/t] 380-730 100 - 230 80 - 150
k=)
[0
Dé Supply Costs per tonne [N$/t] 757 - 845 710 - 794 1023 -1148
(@)]
=
ueJ Supply Costs per GJ [N$/GJ] 42.0-46.9 39.4-441 46.5 - 52.2
Transport Costs (ARA) [N$/t] 1300 630 580
©
Q.
g Supply Costs per tonne [N$/t] 2057 - 2145 | 1340-1424 | 1583 -1708
w
Supply Costs per GJ [N$/GJ] 114 - 119 74.4-79.1 71.2-77.6

Figure 6.8 illustrates graphically the biomass supply costs for the three biomass based
fuels chips, white pellets and black pellets differentiated to the considered end-user
locations Windhoek, Erongo and Europe. Different results can be seen for the three
regions, whereas a great dependency on the transport distance is shown. The
transport distance primarily defines the biomass based fuel with the lowest specific
supply costs per GJ. For the region Windhoek, chips are the most competitive biomass
based fuel and provide definite cost advantages as compared to white or black pellets.
White pellets however are the cheapest fuel for the Erongo region, whereas black pel-
lets have the lowest supply costs for Europe due to high bulk and energy densities
which lead to significant lower transportation costs compared to the other fuels chips
and white pellets. A possible biomass supply for South Africa (not shown) will be slight-

ly higher than for the Erongo region.
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Fig. 6.8: Biomass supply costs for different bioma ss based fuels and different
end-user locations (Windhoek, Erongo and Europe)

Above considerations support the following conclusions concerning the optimum

choice, which depends, as shown above, not only on the combustion technology and

its material requirements, but also on the transport distance. A general recommenda-

tion would be to:

Primarily consider the supply of chips for decentralized biomass or hybrid power

plants as well as industrial applications in Windhoek

Primarily consider the supply of white pellets for power plant or other industrial

applications in the Erongo region

Primarily consider the supply of bio-coal (black pellets) for overseas export pur-
poses (e.g. coal-fired power plants in Europe). The figures presented, however,
indicate that the international export of biomass is economically viable especially
as big volume scenario, whereas small volumes like 50,000 - 100,000 t/a reduce
the economic viability. A large volume scenario would utilize large scale shipment
parcels with resulting cost advantages, but would also require an upgrade of rail

and port infrastructure.

The optimal fuel supply for van Eck Power Station in the form of chips or of bio-coal
pellets is recommended to be further investigated. The technical feasibility of co-

combustion of wood chips need to be explored with regard to optimum capacity utiliza-
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tion. Chips could be an alternative to bio-coal as price competitive fuel and/or as a pos-
sible interim solution until that point in time when sufficient and reliable bio-coal supply
is secured. In support of the NamPower rehabilitation schedule, chips could provide a
fuel solution that can be made available on a short- to mid term perspective. Clearly,
the realization of a torrefaction plant and process will still take a minimum of 3-4

years.

As far as the current biomass market situation is concerned, the demand is rather for
white pellets than for black pellets as no black pellet market is established. That sug-
gests to start with the production of white pellets and convert the plant to a black pellet
option later as soon as the local and international market demand is confirmed. Such a
conversion is possible by adding a torrefaction step between raw material storage and
fine grinding step (see figure 6.5). However, a torrefaction pilot plant in Namibia is an

interesting option with three potential future market opportunities:

NamPower, van Eck power station: the future role of the rehabilitated van Eck
power station (as base load or peak load power plant) and the optimum biomass

fuel supply need to be clarified,

South Africa: Eskom’s midterm biomass policy and perspectives need to be sub-

stantiated,

Europe and other oversea markets: the international mid- to long term demand

and potential suppliers need to be reliably established.

Further research and the substantiation of these market segments are required. Any
potential investor or developer of torrefaction plants will require a confirmed market
demand. In a positive perspective, the development of a torrefaction plant, possibly
together with the realization of a biomass/solar hybrid power plant, would position Na-

mibia as an international energy innovation hub.
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