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Summary 

Summary 

1 Agriculture is the foundation of the Tanzanian economy, supporting 
employment, food, production and exports. Some 84 % of the employed 
population workin the agricultural sector, producing 61 %of GDP. 

1 

2 In Tanzania, sisal is grown on large estates with a central factory (decorticator) 
which decorticates the sisal leaves and extracts the fibre. After decortication 
the fibre is brushed and baled and ready for export or for use fibre-based 
products like twines, bags and carpets. During the decortication process the 
pulp and juice from the leaves and the water used during the process, flow to a 
dump close to the decorticator. At present the waste is left to rot and the 
water flows to the nearest river which causes pollution. The amount of waste 
which is presently dumped is about 90 tons (mainly waste water) for every ton 
of fibre produced. This amount is projected to decrease because all the 
decorticators will be converted to dry-decortication. This conversion will reduce 
the amount of waste to 19 tons per ton of fibre. The waste has a solid content 
of about 11.5 % and a volatile solids content of 8.8 %. Investigations in 
Denmark revealed that sisal waste can be converted into biogas, which can be 
used for several purposes but especially for electricity generation. 

3 Sisal once played an important role in the traditional export crops, but its 
share declined to about 4.8 % in 1986 and 3.5 % in 1991. According to the 
projections of TSA, this share will increase in the next decade. However, the 
projected market shares for sisal fibre and fibre-based products are 
questionable although the total market will increase. Products with good 
market prospects are geotextiles and sisal pulp and paper, although twines and 
ropes will continue to play an important role. 
Of partienlar importance for the sisal industry is technological innovation 
which has been very low in the last decades. 

4 The Tanzania Sisal Authority (TSA) is the Iargest producer of sisal fibre in 
Tanzania and they own 15 estates, a spinning milland a carpet company. The 
production at the 15 estates was over 50,000 tons in 1967 but declined to 9,500 
tonsin 1993. Basedon their own projections, the production is expected to 
increase to about 50,000 tons in 2004. 

: The basis for this research is the output of one dry-decorticator which accounts 
i 1,500 tons per year. This amount of fibre is pfÓduced during 300 shifts which 
I means that about 95 tons/day of sisal waste and waste water will be available 
J for biogas production. 
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5 The decay of organic material (human, animal and plant wastes ), in the 
absence of air produces an inflammable gas which consistsof meiliane (CH4) 

and carbon dioxide (C02). This gas is known as biogas and the processas 
anaerobic digestion. 
The anaerobic digestion process is a complex process in which several bacteria 
are involved. This process can be distorted by changes in temperature and pH, 
by the presence of toxic materials or by a lack of nutrients. 
According to the investigations in Denmark, sisal waste will yield about 54.3 
m3/ton of waste fed into the digester. This production figure results in a 
maximum biogas production of 4,240 m3/day. 

6 Three types of biodigesters seem suitable for the production of biogas from 
sisal waste: the Underground Concrete Biodigester (UCB), the Continuons 
Stirred Tank Reactor (CSTR) and the Upfl.ow Anaerobic Sludge Blanket. 
From these three possible digester systems, the CSTR is the most appropriate 
when the technica! characteristics, social and physical infrastructure and the 

I technological capacity present in Tanzania are taken into account. 

7 The biogas can be used for different purposes. In this research three 
applications are considered: electricity generation, biogas supply to the 
labourers on the sisal estates and bottling of the biogas. 

8 Electricity can be generated with a diesel engine which is adapted to run on a 
'Otto-cycle' and is connected to a generator. The efficiency of this 
engine/generator set is about 30 %. This means that about 1.7 kWh can be 
generated from 1 m3 of biogas. The produced electricity can be used for 
running the engines on the estate, the surplus (5,500 kWh) can be exported to 
the grid which will help TANESCO solving the electricity scarcity in Tanzania. 
When the projected production of 50,000 tons (2004) at the TSA will be 
reached, the 'produced' sisal waste will be able to produce 87.7 million 
kWh/year which is equal to 18 %of the projected electricity demand in Tanga 
and Morogoro region. When the production of the whole sisal sector is taken, 
the prospects are even brighter. 

9 Biogas can be supplied to the labourers by laying pipelines to their houses, 
which are situated on the estates. When they would switch from using 
fuelwood and charcoal to biogas, the deforestation around the estate will be 
stopped. However, the price of the biogas is to high taken into account the 
income of the labourers, therefore TSA has to lower the price by means of a 
subsidy. An other problem is that the humers and lamps are quite expensive. 

10 Bottling of biogas for use on tractors or in urban areas is not a feasible and 
appropriate option. 
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11 The profitability analysis showed that the NPV of the system with only 
electricity generation is higher than the the system with both applications 
(electricity generation and biogas supply to the labourers). The NPV of the 
UCB was the highest foliowed by the CSTR and the UASB. The NPV for both 
the UCB and CSTR are positive but the NPV for the UASB is negative, 
therefore the UASB system is not feasible to implement. 
Based on the NPV one bas to choose to implement the UCB but the reliability 
of this system bas not been confirmed yet. Therefore it is recommended to 
operate the pilot UCB plant at Muheza Mkumbi estate to establish thè 
reliability. When the reliability is confirmed one can start with the \ 
implementation of the UCB system, otherwise it is better to implement tl}e 
CSTR system since this system bas proved to be reliable. .. 

Overall it can be stated that biogas from sisal waste is a promising new 
opportunity for the sisal industry in Tanzania. 
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10 Introduetion 

1 Introduetion 

1.1 Background and relevanee 

In the sixties Tanzania was the largest producer of sisal fibre in the world and sisal 
was also the main foreign exchange eamer in the country, but this situation has 
changed over the last 25 years due to a declining market and unfavourable local 
policies. Tanzania is now ranked third after Brazil and Kenya and in Tanzania sisal is 
ranked fourth as export erop after coffee, cotton and tea. 
Since the introduetion of the plant in Tanzania in 1893, only 2 % of the plant (the 
fibre) has been used for economie purposes, the other 98% (the sisal waste and hole) 
are dumped near the estate or left on the field. Recent investigations revealed the 
polluting effect of the sisal waste. This waste is 'produced' during the decortication 
process (which separates the fibre from the leaf tissue) and consists of pulp (leaf 
tissue) and waste water (used to wash away the pulp and to clean the fibre ). 

The mixture of pulp and waste water is dumped close to the factory and the water 
will flow to the nearest river or creek or percolates through the soil to join 
subterranean waters and the pulp is left to rot. The most direct pollution is caused by 
the waste water, which is acidic and pollutes the rivers on which the rural people 
depend for their daily water supply. Another indirect pollution is caused by the 
emission of methane during the rotting of the pulp this will contribute to the 
greenhouse effect. 
This research is aimed to look at the possibility of converting the waste into biogas, 
which would solve the pollution and could possibly give the sisal estates an additional 
souree of income. 

1.2 Objectives and research questions 

Keeping the forgoing in mind, the objectives of the research can be stated as follows. 

a Reducing the pollution of the environment. 

b Use the waste in such a way that the estates can gain a maximum financial and 
economical benefit from it. 

These objectives have been translated into the following research question. 

In which way and with which technologies can the sisal waste be used for the 
production of biogas, resulting in a reduction of the environmental pollution 
and economical valuable products. 
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To answer this general research question, it has been divided into four parts. 

1 The production process on the estate and availability of waste. 

Description of the production process. 
Present and projected fibre production. 
Opportunities for sisal fibre and fibre-based products. 
Quality and quantity of the sisal waste. 
Polluting effect of the waste. 

2 The conversion of sisal waste into biogas. 

Characteristics of the anaerobic digestion process. 
Quantity and quality of the produced biogas. 
Available anaerobic digestion systems. 
Size of the anaerobic digestion system. 

3 The applications of the biogas. 

Possible applications. 
Potential market for the application. 
Necessary technology. 

4 The financial en environmental benefits for the estate. 

Commercial and national profitability. 

1.3 Research methodology 

11 

The research, which was carried out during the period of almost one year (of which 
six months were spent in Tanzania) is limited to the estates which are owned by the 
Tanzania Sisal Authority (TSA). TSA is the largest producer in Tanzania and 
accounts for about 35 to 40 % of the total sisal fibre production in Tanzania. 
However since the production metbod on all estates is basically the same, the results 
could also be used by the other sisal producers in Tanzania. 
The research questions, mentioned in 1.2 are worked out with the research scheme 
presented in figure 1.1. 
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Figure 1.1 Research scheme 

This scheme partly taken from an artiele of Jean Nicolas Tissiers\ who presented a 
methodology for a waste biomass conversion study. However, this methodology was 
very general and no appropriateness or financial analysis was included, therefore the 
methodology bas been extended with an appropriateness and financial analysis. The 
model is developed for any conversion of biomass but this research will be Iimited to 
the conversion of sisal waste into biogas and the applications (possible conversions) of 
the biogas, other possible conversion of the sisal waste will be omitted. 

The upper half of the scheme deals with the way the waste is produced, the 
characteristics and the · availability of the waste. The availability of the waste does not 
only depend on the variables mentioned in figure 1.1 but also on the amount of 
product (in this case sisal fibre) produced because the quantity of waste is directly 
related to the sisal fibre output. Various factors influence the sisal fibre output, such 
as the production process, the availability of raw material (sisal leaves) but in 
partienlar the (world) markets for sisal fibre and fibre-based product (now and in the 

1 Tissiers, Jean Nicolas, Biomass, substitute for fossil fuels. SADCC ENERGY IL 
October/December 1983, page 28-32. 
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near future ), therefore a limited opportunity study is necessary to reveal the poten ti al 
markets for sisal and the opportunities of Tanzania in these markets. These 
opportunities directly influence the amount of sisal fibre produced ( and so also the 
availability of sisal waste) in the next years. The structure for this opportunity study 
has been taken from the UNIDOZ and consists of the following items. 

a Place and role of the sisal sector in the agricultural sector and in the total 
economy. 

b Size and structure of the sisal sector. 

c Govemment plans conceming the sisal sector. 

d Present size and growth rates of demand for sisal products. 

e Rough projections of demand for these products. 

f ldentification of products with the best opportunities. 

When upper half has been investigated, the lower half of the scheme can be worked 
out. In this part of the methodology, two analysis play a central role, the 
appropriateness and the financial and economie analysis. The appropriateness analysis 
filters out the possible biogas conversion technologies and the possible applications of 
the biogas. In this analysis, the conversion technologies shall be analyzed, which will 
lead to some technica! appropriate technologies for the conversions of sisal waste into 
biogas and the conversion of biogas into other products. Furthermore these selected 
technologies shall be judged on their appropriateness for use in Tanzania. The 
financial and economie aspects, of the selected technologies from the appropriateness 
analysis, will be analyzed in the financial and economie analysis. This analysis will 
result in the choice of one technology which is the most appropriate (technically, 
financially and economically) for use in the sisal industry in Tanzania. 
The information necessary to work out the scheme and answer the research question 
will be obtained from three sources. 

2 

Existin& literature on sisal, anaerobic digestion, biogas applications, etc. 
\SUivey$·: 
~al communication with people of TSA and other institutions or 
organizations. 

Behrens, W. and P.M. Hawranek. Manual for the preparation of industrial feasibility 
studies. Page 349-351. 
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1.4 Structure of the report 

The report consist of 4 parts. 

1 Sisal. 

2 Biogas production. 

3 Biogas applications. 

4 Financial and economical aspects and final conclusions. 

The first part deals with the upper half of the methodology and the first part of the 
research question, which means that the production process ( chapter 2), the potential 
markets for sisal fibre and fibre-based products ( chapter 3) and waste availability 
( chapter 4) are analyzed. 

In part 2, the second part of the research question will be worked out. Chapter 5 
gives a description of the process ( anaerobic digestion) in which biomass is converted 
into biogas. In chapter 6 the conversion technologies are described and the technically 
most appropriate ones are selected. The selected ones are worked out in chapter 7. 

Part three is concentrated on part three of the research question and gives an 
overview of the characteristics of biogas (chapter 8) and the possible applications of 
biogas (chapter 9, 10 and 11). 

Finally, in part four, the financial and economie aspects (research question 4) of the 
selected technologies will be analyzed. This analysis will result in the final conclusions 
and recommendations (in chapter 14) conceming the most appropriate conversion 
technology. 
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Sisal 
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2 Sisal production and products 

Sisal ('Agave Sisalana') was introduced in Tanzania (at that time Tanganyika) in 1893 
by Dr. Richard Hindorf. 
The first plants came from Yucatan peninsula, Mexico and were plantedat Kikogwe. 
The plants multiplied rapidly and in 1900 the first sisal plantation was established 
close to Pangani. 

2.1 The sisal plant 

Sisal ('Mkonge' in Kiswahili) derives its name from a small port in the Yucatan 
peninsula of Mexico, through which the earliest supplies of agave fibres were 
exported, and it became known to commerce as sisal or 'Sisal hemp'. 
The accepted botanical or La tin name of the sisal plant is 'Agave Sisalana Perrine' 

Source: 
Figure 2.1 

~ The morphoiOQy of the sisal plant 

1: tip end of the leof 

D: butt end of the leaf 

m : low butt end of the leof } 
bole 

Dl: stem 

Electrowatt Engineering Services. Alcohol production from sisal waste. 
The sisal plant 

The stem or hole of a sisal plant ( see figure 2.1) is the main axis u pon which leaves 
and the growing shoot are bom. The hole of a mature sisal plant is roughly 120 cm 
tall and it attains a maximum diameter of about 20 cm when the plant is two years 
old and has grown approximately one hundred leaves. 
The sisal leaf is attached directly to the stem and has a linear shape. 1t attains a 
maximum length of two metres but commonly it is about 120 cm long and contains 
about 1,100 fibres At present two types of sisal are grown in Tanzania. 
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1 Agave Sisalana. 

2 Hybrid 11648, which was bred in the forties. 

The hybrid produces more but smaller leaves than the agave and is sensitive to rotting 
caused by water excess. 

2.2 Sisal leaves 

As stated above, a sisal leaf is about 120 cm long and contains a certain amount of 
fibres which can be extracted from the leave through decortication (see section 2.3). 
Since the composition of leaves from the Agave and the Hybrid are slightly different, 
they should be treated separately in this research. However, the plants are mixed on 
the estates and during one shift both types are processed. Keeping this in mind and 
taking into account that the differences are not very significant, only the Hybrid shall 
he described, because this one is most widespread on the sisal estates in Tanzania. 
The composition of a sisalleave is as follows (see table 2.1): 

Table 2.1 

Fibre 

Tow 

Pulp 

Juice 

a 

Source: 

Composition of a sisal leaf 
(in % of total weight) 

Fraction 

15 

1.3 

11 

72.7 

On wet basis. 

Moisture contene Dry matter 
content 

71 29 

66 34 

55 45 

89 11 

Electrawatt Engineering Services. Alcohol production from sisal waste. 

The last two components form the sisal waste, which is until now not used and 
dumped near the estates. 
From table 2.1 it can he derived that when the last two components are taken 
together, the following (theoretical) composition of the waste will result (see table 
2.2): 
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Table 2.2 

I Sisal waste 

~ource: 

Part I. Sisal 

Theoretica! composition of sisal waste 
(in% of weight) 

Leaf fraction Moisture content 

I 83.7 I 84.5 

Dry matter 
content 

I 15.5 

blectrowatt .Engmeenng SeMces. Alcohol proauctwn }Tom siSal waste. 

These, are as stated, theoretica} figures based on the actual leaf composition. This 
composition can be achieved when the decorticator is operating under good 
conditions and no pulp and juice will be lost. Based on decorticator test at Muheza 
Mkumbi estate, the following waste composition was measured (see table 2.3): 

Table 2.3 

Sisal waste 

Composition of the gathered waste 
(in%) 

Fraction of leaf Moisture content 

± 75 88.5 

2.3 Sisal growing and libre production 

Dry matter 
content 

11.5 

I 

In Tanzania sisal is mainly grown on large estates. The 15 estates which are owned by 
the Tanzania Sisal Authority (TSA) cover an average area of about 3700 ha of which, 
under normal conditions, 10 % is replanted annually. 
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Fibre-based products 

Figure 2.2 Fibre production 

Between the age of 2 and 4 years, the plant is ready for its first cutring (manual). 
Further cuttings are done at a 12-month inteiVal. 

19 

After cutring the leaves are bundled in bundies of 30 leaves and then put on railway 
cars which are transported to the decorticator (see figure 2.2 and 2.3). 
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Sou ree: Electrowatt Engineering SeiVices. Alcohol production from sisal waste. 
Sisal libre production Figure 2.3 

At the decorticator the bundies are taken from the wagons and put on a fixed table 
sloping towards the feed beits of the decorticator. Here the ties are cut, and the 
leaves are fed on the moving beits. 
The decorticator (see table 2.4 forsome characteristics) consistsof two covered drums 
(a big and a small one) placed on opposite sirles of a centralline (see appendix 3) 
along which the leaves are conveyed, and the fibre is delivered after decortication. 
The leaves enter the machine cross-wise instead of end-wise (which was common in 
the earlier types like the raspador) and the decortication takes place in one fell swoop 
in a single direction only along the fibres so that all tbe leaf tissue is crosbed and 
scraped off the fibres almost simultaneously. During this process, the leaf tissue 
(pulp) is pusbed away by large quantities of water, which explains the common name 
'wet-decortication'. 
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Table 2.4 Charaderistics of a decorticator 
11 I 11 Corona 11 Corona 11 

Output dry fibre 500 kglhr Speed of transporting ropes 0.5 m/s 

Max. length of leaf 1.8 m Peripheral speed of drum 30 m/s 

Power consumption 120kW Water consumption 30 m3/hr 
ource: Uttensener hisenwerk . ..; ervzce manuat: aecortteator Corona. 

The big drum (diameter > 2 m) is designed for the decortication of the long tip-end 
of the leaf and ejects about 40 % of the waste (pulp and juice ). The small drum 
(diameter 120 cm) is intended to deal with the short butt-end portion and ejects the 
remaining 60 % of the waste. 
According to some decortication test at Amboni estates, the following quantities of 
fibre and wastewere 'produced' during one decorticator shift (see table 2.5). 

Table 2.5 Amounts of products from one decorticator shift 

Normal operationa Dry-decortication 

ton/shift % ton/shift % 

I Input 

Leaves 114.00 24.00 114.00 100.00 

Water 360.00 76.00 

Total 474.00 100.00 114.00 100.00 

Output 

Wet fibre 17.10 3.60 17.10 15.00 

Dry fibre 5.00 1.00 5.00 4.40 

Tow 1.50 0.30 1.50 1.30 

Juice 432.90 91.40 72.90 64.00 

Pulp 22.50 4.70 22.50 19.70 

Total 474.00 100.00 114.00 100.00 

a Also called wet-decortication. 
Sou ree: Electrowatt Engineering Services. Alcohol production from sisal waste. 

From table 2.5 it is clear that for every ton of dry fibre about 19 tons of waste (juice 

I 
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and pulp) are ejected in case of dry-decortication. Until now all decorticators are 
running in normal mode which means that for every ton of dry fibre, about 90 tons of 
waste and waste water are ejected. The starring point in this research will be the 
waste from dry-decortication, because TSA is intended to convert all the decorticators 
into dry-decorticators3

• The reason for this change is twofold. 

1 Reducing the pollution, which is mainly caused by the waste water (see 2.7.2), 
for which TSA bas already been taken to court by the Ministry of Water, 
Energy and Minerals (MWEM). 

2 Reducing the water consumption (which is in certain periods in short supply) 
and thereby reducing the electricity consumption by the water pumps. 

The name dry-decortication is maybe a little bit confusing because it suggests that no 
water will be used. This is certainly not the case. The difference between wet- and 
dry-decortication lies in the fact that during dry-decortication, no water will be used 
to push away the waste (leaf tissue). However to obtain a good fibre quality the fibre 
bas to be wasbed before it is dried, so after the fibre comes out of the decorticator, it 
is washed. According to TSA technicians about 20 m3 /shift will be necessary to wash 
the fibre and obtain the same quality as with wet-decortication. This means a 
rednetion of the amount of waste water ejected during decortication of 95 %, so the 
conversion from wet- to dry-decortication will already solve some of the pollution 
problems (see 2.7.2). 
After decortication, the wet fibre is made into hanks and transported to the drying 
lines. The fibre should be dried as fast as possible because then the natural whiteness 
is preserved. If the fibre is exposed to ultra-violet rays too long then the fibre 
develops a deep buff colour. 
As soon as the fibre is dry, it is collected from the lines and bundled. Due to the 
drying the fibre beoomes stiff and needs to be brushed. The brushing is done with the 
brushing machines which consist of metal beaters which are fixed to the periphery of 
a revolving horizontal cylinder or drum. 
After the fibre is brushed it is graded, according to its length, colour and lack of 
impurities and placed in packing boxes. These packing boxes of about 50 kg are 
pressed into bales of 254 kg. 
The following fibre grades are distinguished4

• 

3 

4 

High grades (No. 1, 2, A, 3S, 3L). 

Medium grades (UG, Tow 1, Tow 2). 

Low grades (UF, Flume tow). 

TSA. Corporate plan 1995-1999. Page v. 

Nkuba, Francis. Market prospects for pulp and paper from sisal in Tanzania. Page 
5. 
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The low grade fibres, which can amount 15 to 20 % of the total amount of fibres5
, are 

lost during decortication and enter the waste. These fibres can be removed from the 
waste mechanically or manually. At present this is done manually but in the future 
conveyers will be installed on every decorticator to remove the fibre from the waste. 
This is also a prerequisite for biogas production from sisal waste because the waste 
which goes into the digester bas to be free from fibre. 
If the flume tow is removed soon after decortication, it usually bas a good colour, but 
when it bas been lying for several days, the colour tums brown. 

2.4 Sisal products 

In 2.1, it was stated that the sisal plant consistsof 2 components: the hole and the 
leaves. Until now only 4 % of the leaves (the fibre) is used for economie purposes, 
the remaining 96 % of the leaves and the hole are left to rot or are humt. From 
recent tests locally and experience in other countries it is clear that also the hole and 
especially the leaf-waste can be of economie value. Besides that, utilization of the sisal 
waste can also solve the pollution problems which are prevalent on all estates. In the 
next three sections a short overview is given of the possible products from the fibre, 
the waste and the holes, which are until recently known. The question about 
feasibility and market prospects are not dealt with bere. In chapter three some 
products, which seem to have good prospects and can contribute to a brighter future 
for the sisal industry in Tanzania, will be dealt with more 
thoroughly. 

2.5 Sisal libre 

The sisal fibre is known for its strength and its elasticity. Investigations6 showed that 
sisal fibre is ductile in that it can be permanently stretched by loading. 

5 

6 

Loek, G.W. Sisal. Twenty-five years' sisal research. Page 312. 

Loek, G.W. Sisal. Twenty-five years' sisal research. Page 278. 
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Agricultural twines 

Twines and ropes 

Carpets 

Fibre based 

Figure 2.4 Sisal fibre products 

Although sisal fibre and fibre products (see figure 2.4, the blocks with products which 
are not produced now or only in small quantities are filled with lines) have suffered 
from the competition with synthetic substitutes in the last two decades (see section 
3.4), they are now gaining backsome of the lost market share especially in the 
markets for fibre products. This is mainly attributed by the growing environmental 
concern given the fact that sisal is natura! and biodegradable. 
Through market surveys conducted by TSA, ITC, FAO and other international bodies 
(see also chapter 3), it became clear that the world market for sisal fibre and fibre 
based productsis expected to be about 900,000 ton in 1999. 

2.6 Sisal hole 

The hole of the sisal plant is like a giant pineapple, roughly 120 cm tall and about 20 
cm in diameter, with a weight of 20 to 40 kg, and yields about 3 kg of dry fibre during 
its life time (about 10 years). At the end of the life time, the holes are crushed and 
humt on the field. 
Every hectare yields about 130 tonsof holes (every 10 years). According toa study of 
Electrowatt, the bole-composition is as follows (see table 2.6). 
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Table 2.6 Composition of a sisal bole 

I Weight% 

Water 62-70 

Fihres 11 - 11.6 

Inulin 14.3- 24.1 

Reducing sugars 1- 1.5 

Organic matter 0.02 

Other 2.4- 3.9 

Ph 4.5 - 5.5 

~ource: .Electrowatt .Engmeenng Se Mees. Alcohol productwn from sisal waste. 

From the hole, the following productscan he extracted (see figure 2.5): 

Figure 2.5 Sisal bole products 

Drinks 
Fuel 
Chemieals 
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I 
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2. 7 Sisal waste 

2. 7.1 Quantity and quality 

The central material in this research is the sisal waste which is ejected during dry
decortication. This type of decortication is not prevalent nowadays but the objective 
of TSA is to convert all the decorticators to dry-decorticators. 
From section 2.3 it is already known that about 19 tons of waste are produced for 
every ton of dry fibre. Recent laboratory tests at Mlingano revealed the following 
composition of the waste (see table 2.7): 

Table 2.7 Composition of sisal waste 

% 

Total solids (TS) 11.50 

Volatile solids (VSt 8.82 

Organic Carbon 30.78 

p 0.06 

N 1.29 

Other 67.87 

I Water I 88.50 I 

COD (gil) 60 

Ph 5.15 

a The part of solids which can be broken down during anaerobic digestion. 
Source: Mlingano Sisal Research Laboratory 

Electrowatt Engineering Services. Alcohol production from sisal waste. 

This waste will be diluted with the water which is used to wash the fibre (20m3/shift). 
So the resulting mix will have a solid content of about 9.5 % and a volatile solids 
content of 7.3 %. 
The total amount of waste produced directly from decortication is about 95 tons/shift 
and the amount of waste available for digestion will be about 115 tons per shift 
(producing 5 tons of dry line fibre ). 
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2. 7.2 Pollotion 

The pollution effects of sisal waste can be divided into two categories. 

1 Pollution of the environment mainly rivers and ground water. 

2 Contribution to the greenhouse effect. 

1 Water pollotion 

The pollution of the environment is caused by the fact that the fresh waste from the 
decorticator is dumped close to the factory and the waste water :Oows to the nearby 
river without any treatment. According toa survey of the Ministry of Water, Energy 
and Minerals in Tanga region 7, most of the sisal estates discharge the waste water 
without any treatment. During the survey, in which 26 estates were observed, one had 
a running treatment system, and on the other estates the waste treatment (mostly 
oxidation ponds) was not available or out of order. To give an indication of the 
pollution effect, the data for two estates are given in table 2.8. 

Table 2.8 Polloting effect of sisal waste 

Para- Estate Amboni (Sigi river) Hale (Pangani river) Standard 
meter Effluent 

(avg) 
Up- Down- Up- Down-
stream stream stream stream 

Ph 5.5 7.2 6.7 8.4 6.8 6.5-8.5 

P.V.3 280 3.4 250 16.5 170 <10.0 

D.0.3 nil 4.4 nil 4.6 nil >6.0 

BODa 150 1.8 133.3 8.8 90.6 <5.0 

a All values in mg!l 
Source: MWEM. lndustrial water pollution survey in Tanga region. 

When the pollution is judged by the BOD, then one decorticator shift ejects an 
amount of organic material which require about 55 kg (360 m3 times 150 mg!l) of 
oxygen (BOD) to degrade. To give an indication, one person ejects an amount of 
organic waste which require about 40 g BOD/day. So the decortication of about 100 
tonsof leaves is as polluting as 1,400 people in one day. 

7 MWEM. lndustrial water pollution survey in Tanga region. 
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2 Greenhouse effect 

The greenhouse effect is a well established phenomenon, without which life on earth 
would be impossible. The problem is that the increasing emission of various gases (of 
which carbon dioxide and methane are the most important) into the atmosphere lead 
to an increase of the greenhouse effect, thereby influencing the energy balanee of the 
earth and thus threatening to change the global climate. The global warming 
potential is an index which allows the elimate effects of the emission of different 
greenhouse gases to be compared. The contribution of carbon dioxide and methane to 
the global warming is respectively 61 % and 15 %. 
The main souree of carbon dioxide emission is oombustion of fossil fuels, which 
contributes forabout 90% of the current C02 emission, the remaining 10% comes 
from the lossof biogenic sourees (for example deforestation) which reduee the 
capacity to convert C02• 

The main sourees of methane emission are agriculture, combustion of biomass, 
mining, natura! gas emission and landfills. 
According to the UNDP8

, the 720,000 tons of sisal waste, which were 'produced' in 
1991, gave a CH4 emission of 23.0 million m3/year. This was a contribution of 6.25 % 
to the total CH4 emission in Tanzania (about 368 million m3). The contribution to 
the global CH4 emission (417 milliard m3

) was about 0.0055 %. 

2. 7.3 Waste products 

To solve the pollution problems, the waste should be treated or converted into 
economically valuable products (see figure 2.6). 

8 UNDP. Takagas. Energy from waste in Tanzania. Page 10. 
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From several (global) investigations9 and some personal communication, it became 
clear that biogas is one of the most promising products especially given the fact that 
the technology involved is not too advanced and that there are already some biogas 
programmes running in the country (Takagas in Dar es Salaam and CAMARTEC in 
Arusha). 
The biogas could be used fora variety of applications (see figure 2.7). 
This research shall investigate the technica! and financial feasibility of biogas 
production from sisal waste. 

9 UNDP. Takagas. Energy from waste in Tanzania. 
Capital Consultancy. Sisal waste revaluation project. 
Camartec. The Hemisphere. Biogas newsletter of Tanzania. 
Electrowatt Engineering Services. Alcohol production from sisal waste. 
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By-products 

Figure 2.7 Biogas applications 



Part I. Sisal 31 

3 Sisal sector 

3.1 The agricultural sector 

Agriculture is the foundation of the Tanzanian economy, supporting employment, 
food production and exports. Some 84 % of the employed population work in the 
agricultural sector, producing 61 %of both GDP and merchandise exports (see figure 
3.1). 

Peroenlage 

Source: 
Figure 3.1 
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Food erop production dominates the agricultural economy, totalling 55 % of 
agricultural GDP (see figure 3.2). The export crops (coffee, cotton, cashewnuts, sugar, 
pyrethrum, tea, tobacco, sisal) account for 8 %. 
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Source: World Bank. Unpublished. 
Figure 3.2 Shares of agricultural GDP (1989-1991) 

Looking across the period from 1966 to 1991, real agricultural growth and GDP 
growth both averaged about 2. 7 % per annum. The similarity is misleading because 
there have been substantial differences, insome periods, between the two (see table 
3.1) 

Table 3.1 

I Period 

1966-75 

1976-80 

1981-83 

1984-85 

1986-91 

1966-91 
..)Ource: 

Growth in GDP and agricultural GDP 
(in % and 1976 prices) 

GDP growth 

3.73 

2.07 

-0.91 

2.63 

3.82 

2.81 

World Bank. l.m uolrshea . 

Agr. GDP growth 

2.11 

0.71 

2.07 

6.00 

3.91 

2.55 

In a normal process of structural transformation, there is a gradual decline in the 
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share of agriculture. Tbis process bas been observed in Tanzania but it stopped 
around 1967. As figure 3.3 indicates, from the late 1960's on, agriculture's share in 
tbe economy remained at 40 %. Tben witb tbe onset of tbe agriculture-led reform 
program in the mid 1980's, agriculture increased its share of outputto around 60 
percent, tbe status it used to occupy in the early 1960's. 
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Figure 3.3 
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From figure 3.3 it is clear tbat the agricultural sector bad a positive growtb rate 
during tbe period observed. Tbe sourees of growtb in tbe agricultural sector can be 
categorized in 4 subsectors (see table 3.2). Witbin agriculture GDP, the erop 
subsector bas maintained a steady growtb rate between 2 and 3 % per annum. 

Table 3.2 Average annual growth rates by sector 

Period Crops Livestock Forestry Hunting/ 
Fishing 

1976-80 2.5 -0.50 -5.6 -3.5 

1981-85 2.2 -1.0 2.7 -3.3 

1986-91 2.3 2.1 3.7 -8.0 

1976-91 2.33 0.32 3.7 0.88 
,)ource: World Bank. Un ubllshed. 

33 
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Crop production is the largest subsector in agriculture, contributing around 63 % to 
agriculture GDP. lts seemingly stabie performance masks severe fluctuations in 
production and growth by type of erop (see table 3.3). 

Table 3.3 Average annual growth by subsector. 

Period Ce re als Starches Pulses Export Oilseed Fruits/ 
Veget. 

76-80 5.7 2.4 5.6 -2.8 3.7 2.5 

81-85 4.3 3.6 12.1 -7.9 1.4 2.4 

86-91 0.2 1.9 5.2 2.4 8.3 3.3 

76-81 3.2 2.59 7.48 -2.44 4.71 2.77 
)Ource: World Han k. Un ubliSheG. 

As can be seen from the figures in the table, the export crops have had a dramatic 
decline (- 2.4 %) over the observed period. The reason for this lies in the fact that 
these crops are most easily affected by changes in the policy framework (export 
subsidies or taxes, exchange rate ). 
The composition of exports bas shifted as export polides and commodity prices have 
changed. The traditional agricultural exports ( coffee, cotton, tea, cashewnuts, sisal and 
pyrethrum) are a barometer of how the non-traditional export economy is faring (see 
table 3.4). 

Table 3.4 

Period 

1969-71 

1974-76 

1979-81 

1984-86 

1989-91 
,)ource: 

Traditional agricultural exports 
(in million 1985 US$) 

Total Traditional (%) 

684 50 

658 60 

569 53 

325 71 

288 46 

World I >ank. Un ubliShea. 

Other (%) 

50 

40 

47 

29 

54 

From the above figures it is clear that the real value of the exports declined during 
the observed period. Given the fact that the population bas more than doubled since 
the late 1960's, and the economy is twice as large, the real decline in the value of 
exports is dramatic. In the traditional export crops, coffee plays an important role 
(see table 3.5). 
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Table 3.5 Traditional export crops 
(in percentages) 

1981 

Total (US$ mil.) 537 

Coffee 30 

Cotton 15 

Tea 4 

Cashew nuts 6 

Other agriculture 12 

Manufactures and 33 
other exports 

1986 

317 

57 

10 

4 

5 

10 

14 

35 

1991 

394 

19 

19 

6 

3 

15 

38 

In the traditional export crops sisal once played an important role but its contribution 
was reduced to about 4.8 % in 1986 and 3.5 % in 1991. This figure is included in the 
other agriculture and in the manufactures, because the fibre export can be classified 
under the other agriculture exports, but the fibre products (twines, carpets, etc) are 
included under the manufactures. 

3.2 Size and structure of the sisal sector 

3.2.1 Size of the sector 

The sisal plant was introduced in Tanzania in 1892 and by 1912-1913 a number of 
estates were established in Tanga and Morogoro regions with fibre export reaching 
20,000 tons. After World War I, most estates were sold to Greek, Swiss, Dutch, 
British and Asian interests while from 1924 many former German owners reacquired 
their estates with the help of the German Govemment. 
Tanzania was at that time the worlds largest sisal fibre producer. After World War 11, 
the production expanded further and Tanzania remained the main producer. At the 
peak production in 1964 (230,000 tons) there were about 190 estates with a total area 
of more than 280,000 ha. However since 1967 the production decreased rapidly (see 
figure 3.4) and a lot of estates have been closed. 



36 Part I. Sisal 

240 

220 

200 

180 

160 

140 
~ 

! 120 

100 I 
80 

60 

40 

20 

0 

193.5 .l.ll4.5 1!15.5 · u5.5 .1!1'7.5 · ull.5 
Year 

Source: MALD. 1993 review of the sisal industry. 
Loek, G.W. Sisal. Twenty-five years' sisal research. 

Figure 3.4 Fibre production in Tanzania 1934-1993 (tons) 

At present, Tanzania is the third largest producer in the world accounting for about 
nine percent of the world fibre production and the sisal industry bas about 50 estates 
(with a total area of about 130,000 ha) in 6 regions. This sharp decline was caused by 
the following factors10

• 

1 

2 

10 

The introduetion of polypropylene polymer as synthetic substitute for raw fibre 
bas adversely affected the demand for raw sisal, thus reducing its 
competitiveness. 

Brazil increased its production despite falls in the market demand. They were 
able to grab market share from Tanzania because of heavy govemmental 
subsidies and a constant devaluation strategy, which gave their exporters an 
upper hand in the market. 

Ministry of Agriculture. 1992 review of the sisal industry. Page 1-6. 
ILO. The socio-economie implications of structural changes in plantations inAfrican 
countries. Page 11.9-12. 
TSA. Privatization of the Tanzania Sisal Authority. Page 11-12. 
MALD. Sisal policy paper. Page 1. 
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3 Some dornestic rigidities like. 

3a Ovetvalued exchange rate and export taxes which were a disincentive 
for the big sisal exports. 

3b Nationalization of estates. 

37 

3c Between 1967 and 1973, about 50 % of the sisal industry was 
nationalized and the TSC was formed to own and manage the 
nationalized estates. In 1973, TSA was formed to undertake the 
marketing and export of all sisal and sisal products (single channel 
marketing). This type of marketing did work smoothly between 1973 
and 1977. In 1977, the TSC was abolished and its assets and liabilities 
were vested into the TSA. Thus TSA became a producer of only 50 % 
of the total production but marketer of the whole production. 

3d The general bias against agriculture in the actual intersector allocation 
of investments, contrary to the official policy emphasis on the potential 
of this sector. Agriculture, which employs over 80 % of the total 
population and accounts for almost half of the GDP, was allocated just 
17 % of the total development expenditure between 1976-1979. The 
impHeit assumption being that farmers could undertake their own 
investment without government intetvention. This position was 
aggravated by the foreign exchange crisis, which in turn limited the 
supply of vital agricultural inputs, transport equipment and spare parts. 
As a result all estates had low levels of equipment availability. It is 
obvious that underutilization of fixed assets was very high. 

3e The villagization programme had also negatively affected plantation 
output. A salient feature of the plantation system is that the production 
is based on large-scale units utilizing a sizeable resident Iabour force. 
The colonial administration recognized this and devised strategies (such 
as forced Iabour, hut tax and restrietion on certain regionsnot to 
produce cash crops) which facilitated and increased the supply of 
Iabour. By emphasising collective production, the villagization 
programme bas reduced Iabour mobility. Although tb ere are other 
factors such as low levels of real wages and unfavourable working 
conditions which intluence the supply of Iabour, it is also true that 
peasants in Ujamaa villages were not allowed to leave their plots in the 
village in search of alternative sourees of employment. 

3f Stagnant producer prices in a time of rapid intlation and falling yield 
per hectare have created disincentives among farmers to expand or 
replant existing sisal plots. 

Since the introduetion of the Economie Recovery Programme (ERP) in 1985/1986, 
the sisal industry bas managed a slow recovery due to a better exchange rate, 
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abolishing of export taxes, privatization of a number of TSA estates, better Ioan 
facilities and other measures undertaken by the govemment. This recovery has been 
embarrassed by the 1992 production, which was bistorical low and can mainly be 
attributed to a low market price and the collapse of the. former Soviet Uni on, who 
was a major consumer of Tanzanian fibre. 

3.2.2 Structure 

Before 1967 all estates were private property, but after the Arusha Declaration 
(1967), 50 % of the sisal industry was nationalized. The major part of the nationalized 
estates were owned by Bird & Co, Lonrho, Central Line estates and other individual 
ones. A substantial part of the industry was never nationalized and remained private. 
The major remaining private companies were Amboni, Karimjee Jivanjee, Ralli, 
Lugongo and a few other small ones (see table 3.6). 
At present still 40 % of the industry is owned by the govemment, but most of these 
estates will gradually be privatized (see chapter 4). The other 60 % is in private 
hands. 

Table 3.6 

Name 

TSA 

Am boni 

Ralli 

Lugongo 

KJ 

JV 

Tanfarms 

Marungu 

Others 

Total 
,,ource: 

Sisal production by producer 
(in thousand tons) 

1967 1970 1975 

109.1 104.2 64.5 

24.9 31.0 24.1 

17.4 22.7 10.3 

7.0 6.9 3.1 

10.8 9.5 4.0 

0 0 0 

0 0 0 

0 0 0 

47.3 27.9 21.9 

217.2 202.2 127.8 

1980 

40.7 

23.4 

9.8 

2.1 

2.8 

0 

0 

0 

7.1 

86.0 
MA .u. lYY:J revzew of the slSatznaustry. 

1985 1990 1993 

12.2 12.4 10.3 

14.2 12.1 10.0 

2.5 2.9 2.8 

0.8 1.4 1.4 

1.9 1.3 1.1 

0 0.4 0.3 

0 0.9 0.9 

0 0.9 0.6 

0.8 1.6 2.2 

32.3 33.7 29.6 

The main sisal producing areasin Tanzania (see table 3.7) are Tanga and Morogoro. 
About 60 % of the estates and 70 % of the spinning mills (with 80 % of the national 
capacity) are Iocated along the Tanga-Moshi Iine. In 1988 a total of 65,561 ha was 
under sisal (this was 280,000 ha in 1967). 
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Table 3.7 Area onder sisal (1987 -1988) 
(in ha) 

I Region I Number I Area 

Arusha 4 5,696 

Kilimanjaro 3 114 

Tanga 33 41,364 

Morogoro 10 12,496 

Co ast 2 4,298 

Lindi 1 1,593 

Total 53 65,561 
,,ource: .Hureau of ~tatistics. b·nvzronment stattstzcs m 1 anzama mamtand. 

3.3 Government plans 

The govemment recognised the problems (see 3.2.1) faced by the sisal industry and 
the large sociological impacts which will be feitinsome regions (especially Tanga) if 
the collapseis not moderated or reversed by govemment policy. In a sisal policy 
paper, submitted in 1993, the Ministry of Agriculture elaborates and clarifies the 
govemment policy on liberalization of the export erop marketing and processing and 
on the further privatization of the industry. 

With two decisions in 1990 and 199111
, the govemment committed itself to the 

establishment of a liberalized export erop marketing system with the following 
features12

• 

1 Marketing boards will be auction/tender administrators and have responsibility 
for quality control and market intelligence. These are the regulatory functions 
of the boards and would be mandatory. 

I 

2 Primary marketing will be deconfined as fully as possible with private operators 
licensed to participate at any point in the marketing chain. 

3 

11 

12 

Price policy will be revised with a view to allowing unions and traders to set 
their own economie pricing levels with supervision from a regulatory board. 

The TANAA agreement ofmarch 1990 and the Policy Framework Paper in 1991. 

MALD. Sisal policy paper. Page 2-3. 
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4 Unions are to be independent, memher controlled organizations with no 
govemment or politica} interference. Boards may also act as clearing and 
fotwarding agents for unions in competition with other agents. This 
commercial role would be optional. 

In the same paper, the Ministry also ciarifles the objective of the govemment, which 
was also recommended by the management of TSA, to convert TSA into a private 
investment group concemed only with producing fibre and manufacturing sisal 
products (similar to all the other sisal companies). This means that TSA will no 
longer have the authority over the in dustry. Some of the tasks (like collecting stadstics 
on the whole sisal industry) can be executed by the SAT, the others (like industry 
development and marketing) can be executed by the private industries. 
In an older (1984) paper13

, which is still relevant according to personal 
communication with the ministry and given the fact that most of the items haven't 
changed substantially, the ministry mentioned some priority areas for the development 
of the industry. 

1 The sisal research and training station at Mlingano should be revived or should 
be carried out by any other institute or organization. The two most important 
areas for training of sisal staff are field management and maintenance of 
equipment. The priority areas for research are agricultural practices, sisal 
cutting and transportation and market research. 

2 Utilization of sisal waste and more efficient use of the land by intereropping 
and cover crops. 

3 Consideration of alternative technologies (raspadors instead of decorticators) 
and modes of production (smallholder insteadof estate). 

4 Utilization of estate areas not needed for sisal. 

The statement that the sisal industry lacks change, which bas been recognised by 
TSA14

, can be stated by the fact that the above mentioned priorities have not or only 
partly been worked on. For example, Amboni estates executed a feasibility study on 
waste utilization15

, but the positive outcome of this study basnotbeen put into 
practice. Presently TSA is working on some of the priorities like waste utilization, 
more efficient land-use and other R&D activities. 

13 MALD. National sisal programme. Page 43-46. 

14 TSA. Corporate plan 1995-1999. 

1.5 Electrawatt Engineering Services. Alcohol production from sisal waste. 



Part I. Sisal 41 

3.4 New opportunities 

Until now the sisal industry bas only relied on the fibre and fibre products, which 
constitute only 4 % of the whole sisal plant, but it will be important to make use of 
the big potential of the other 96 % of the plant. 
Another important consideration is that the industry should not rely on raw fibre 
exports but rather on the manufacturing of fibre products. This is especially important 
since most of the fibre manufacturers in Western countries closed in recent years 
because this activity can be carried out more economically in the producing countries. 
This development gives the producing countries a new opportunity. This is 
strengthened by a World Bank report16 which made an assessment of the 
competitiveness of Tanzania's exports using the dornestic resource cost (DRC) 
method. The results (see table 3.8) of this assessment were that at 'economie' prices 
all the current export crops are potentially profitable (which means that the DRC 
ratio is < 1 ). 

Table 3.8 DRC ratio of some selected crops 

Cr op Financial Economie 

DRC Ranking DRC Ranking 

Coffee(Rt 1.51 17 0.84 17 

Cotton 1.28 16 0.68 15 

Tea( estate) 0.53 3 0.35 4 

Cashewnuts(Rt 0.50 2 0.27 2 

Sisal(T)a 1.15 14 0.76 16 

Sisal(Ft 0.56 4 0.36 5 

Tobacco(Flue) 0.69 8 0.40 7 

Sesame 0.42 1 0.23 1 
Cottee(R): Robusta cottee; Cas 1ewnuts(R): processed; ~Isal(T): rough fibre; 
Sisal(F): finished twine. 

Source: World Bank. Unpublished. 

From table 3.8, it can be noted that the export of rough fibre is loss making (financial 
DRC above 1) and that the competitiveness of finished twine is much higher. The 
problem of the loss making export of rough :fibre may be solved by concentrating on 
high quality fibre exports to specialised buyers. The production cost for high quality 
:fibre (3S, 3L and higher) are not different from other grades but the revenues are 

16 World Bank. Unpublished. 
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higher, so these fibres could be used for direct exports and the lower grades could be 
used for the manufacturing of fibre products like twines, carpets, bags, etc. This trend 
can be seen in the projected market shares for 1999 (see table 3.9). From this table it 
is clear that the majority of the fibre will be manufactured into other products and 
only a small share (12.6 %) will be exported right away. 

Table 3.9 Markets for sisal fibre and fibre products 
(in tons) 

a 

b 

Product 1978 1993b 1999 

World Tanzani World Tanzania TSA 
a 

Fibre 2,370 85,000 15,000 5,000 

Fibre based products 

Agr. twines 230,000 24,140c 125,000 32,000 16,000 

Yams& 100,000 50,000 10,000 5,000 
Ropes 

Carpets 27,000 7 45,000 2,500 1,500 

Buffing cloths• 7.6 20,000 3,000 1,000 

Geotextiles• 0 20,000 2,000 1,000 

Bags & Sacks 60,000 8,000 50,000 3,000 

Pulp & Paper- 20,000 573 500,000 50,000 

Others 55,000 1.5 30,000 1,000 

Total 492,000 35,100 955,000 118,500 29,500 

New products. 
The exact figures about the world market in 1992 were difficult to get from the 
available documents. 

c This figure also includes yams & ropes. 
Sources: TSA. Corporate plan 1995-1999. 

The figures for the projected world markets for fibre and fibre products are generally 
in accordance with FAO and other projections17

, but the projected market for sisal 

17 FAO. Hard fibre projections to 2000 of the intergovemmental group on hard fibres. 
Rome, december 1993. 
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pulp and paper is much too optimistic since the FAO projected only 90,000 tons. Also 
the share of Tanzania in table 3.9 is much too optimistic according to the FAO, since 
they projected a fibre production of only 35,000 tonsin 1999. 
From table 3.9, the products like geotextiles, carpets, buffing cloths and sisal pulp & 
paper are promising to have good potentials, but also products like twines, ropes and 
bags will remain important. Until sofar only the fibre and fibre products have been 
investigated. But as already stated, this is only 4 % of the sisal plant. Although there 
are no thorough market investigations available on waste and hole products, the 
preliminary figures point at a big potential. 
In the next few sections a short description of the products shall be given and the 
question if the projected market shares are realistic shall be answered. 

3.4.1 Paper 

Sisal pulp bas been found to have good properties like high tear resistance and high 
folding endurance and can be used in. 

a The speciality field. 

porous tissues (tea bag paper, meat casing coating base, mimeograph 
stencil tissues, low density electrolic capacitor tissues, etc.). 

hightearand tensile strength papers (currency paper, dust filter paper, 
some cigarette paper, etc.). 

b Common grade paper (writing paper). 

c Reinforcing pulp in recycled paper. 

The competitors in these applications are flax, straw, cotton, jute, kenaf and especially 
abaca. Abaca bas some technica} advantages over sisal in the market for high tear and 
tensite strength papers because of its higher tensile strength, but sisal bas a 
considerable price advantage over abaca18

• The cost for one ton of sisal pulp (with 
about 2 tons of fibre) are between 1,500 - 1,800 US$, compared with a fibre price of 
500 - 600 US$ per ton and a selling price in the range of 800 - 1,000 US$ for 
reinforeed pulp and paper, to about 3,000 US$ for some speciality papers. The price 
for one ton of abaca pulp (with about 1.6 tons of fibre) is about 2,400 US$, compared 
with a fibre price of 960 US$ per ton. This price advantage is not enough since the 
quality considerations are predominant in the choice of fibre for the major speciality 
end-uses. The only way sisal can compete with abaca is to increase its quality by using 
higher quality fibres and using better technology, which is presently available in 

18 FAO. Impact of changing technologicaland economie factors on markets for natura/ 
intlustrial fibres. Page 38-44. 
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Canada19
• 

The projected world market for sisal pulpand paper, given in table 3.9 seems quite 
large taken into account that almost 1 million tons of sisal fibre will be required for 
the production of 500,000 tons of paper. This is also the case for the 50,000 tons 
which Tanzania plans to produce in 1999 together with a Canadian Companf". This 
production is highly questionable since there will not be enough raw material. The 
maximum production which is possible with the available area for sisal production 
(130,000 ha) will be about 130,000 tons and almost all (76 %) of this should then be 
used for the production of pulp and paper. This would leave very little fibre for the 
production of other products like twines, carpets and bags when the sisal area is not 
increased. 

3.4.2 Geotextiles 

Geotextiles are thin, permeable materials used primarily in civil engineering to 
improve the structural performance of soil and of works such as road pavements. 
These fabrics are also applied increasingly for specific functions in the agricultural 
sector. At present the geotextiles market is dominated by synthetic materials. They 
are usually produced from polypropylene, although polyethylene and polyester 
geotextiles are also common. Natura! fibres are used to a much lesser extent, but their 
potenrial in such applications is promising because of their lower price, 
'environmental-friendly' character and technica! properties. These fibres include jute, 
kenaf, coir, cotton, sisal and ramie. 
The growth in the consumption of geotextiles in the industrialized countries has been 
phenomenal during the last two decades. From a mere 10.2 million m2 sold in 1970, 
purebases of geotextiles increased to 110 million m2 in 1980 and to an estimated 700 
million m2 in 1990 (98 % synthetics, the other 2 % by jute and coir). Many experts 
predict that the boom in the geotextiles market will continue throughout the end of 
this decade to a consumption of 1.4 hiliion m2 by the year 200Q21

• The demand is 
presently concentrated in Western Europe, North America, Japan and Australia. A 
vast untapped market exists in many African, South American and Asian developing 
countries. 
Suppliers from natural-fibre geotextiles indeveloping countries may face less 
competition from producers of synthetic geotextiles in these unexploited markets than 
in the industrialized markets. 
Presently jute and coir are mostly used for natural-fibre geotextiles, but the physical 
properties of sisal should be no reason why it could not compete with them. 

19 

20 

21 

Artiel es from 'Pulp & paper'. 

Nkuba, Francis. Market prospects for pulp and paper from sisal in Tanzania. Page 
3. 

Sen Gupta, A.K. 'Geotextiles opportunities for natural-fibre products'. 
International Trade Forum. January-March 1991, 10-15. 
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According to the FA022 sisal will not be competitive with jute and coir in the area of 
soil erosion control, but the prospects appear to be more encouraging in the 
geotechnical area (stabilization, reinforcement). The projected share of sisal in the 
world market of about 1 % should be realistic. Tanzania should be able to grab a 
share of about 10 % since the basic materials for geotextiles, twines and yam, are 
already produced locally and there is an excess installed capacity of 29,000 tons (see 
3.4.4). 

3.4.3 Carpets and buffing clotbs 

Sisal buffing cloths can be used for polishing of metals. Presently there is some 
capacity to produce carpets and buffing cloths at the Tanzania Carpet Company in 
Kilosa. This company produces besides these two products also bag cloths and yam. 
The total capacity is about 365,000 m2 but in 1993 only 11,000 m2 was produced, this 
is equal to 3% of the capacity. This was caused by general maintenance and 
management probieros and the company's failure to sustain its export market 
To achieve the projected market share of 2,500 tons (1.25 million m2

) of carpets and 
3,000 tons (2.3 million m2

) of buffing cloth, the company has to be thoroughly 
rehabilitated and expandedtoa capacity of at least 3.6 million m2

• This will require 
some very large investments and according to the ministry of agriculture23

, this could 
best be done by selling the company to an appropriate private investor. 
Keeping this is mind, it will be questionable if the projected market share can be 
re ach ed. 

3.4.4 Otber products 

Twines, yam and ropes are the main spinning products, and in Tanzania there are a 
total of six spinning mills of which five are running with a total capacity of 71,000 tons 
per year (utilization in 1993 34 % ). The last 15 years, the world market declined with 
an average of 2.7% per year and this decline will continue in this decade with 3.1 % 
per year. This is mainly caused by the changes which have taken place in baling 
methods. Presently ensilage has become an increasingly popular metbod of fodder
making, i.e. mown grass is not transformed into hay and baled with twine but is 
preserved undried in silos, pits or trenches covered with plastic sheets. 
Another (technological) change which have taken place is the use of other haler types 
and baling materials. The conventional (low density) piek-up haler using sisal twine, 
has been substituted by large round balers using twines and polyethylene nets and by 
high density square balers using synthetic twines. So by choosing a baling method, the 
baling material is also determined and from an economical point of view, the piek-up 
bal er (which uses sisal twine) cannot be used anymore at medium and large scale 
farms. However, the advantage of sisal over synthetic twines and nets is its 

22 

23 

FAO. Appraisal of technica! and economie feasibility of projects. 

MALD. 1993 review of the sisal industry. Page 29. 
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degradability. In the longer run, rising concern over soil contamination and growing 
awareness by the farmers may benefit the use of sisal twines and slow down the 
erosion of the sisal twine market At the same time, there are experiments going on 
to collect and recycle plastic waste. 

During the same period in which the world market declined with 2.7% per year, the 
share of Tanzania in the world market stayed at about 14 %, but this share is 
projected to increase to about 26 percent. The projected market share of 32,000 tons 
in the agricultural twines market and 10,000 tons in the market for other twines, yams 
and ropes (about 80% will be for export) should be possible when the available 
capacity is taken, but it will be very difficult to double the market share in a declining 
market. Another problem with twines is the small profit margin. 
The excess capacity of the spinning mills could be used for the production of twines 
and yams for geotextiles (see 3.4.2). 

Sisal bags are produced by the Tanzania Packaging Manufacturers in Morogoro, the 
Tanzania Bag Cooperation in Moshi and a small amount by the Tanzania Carpet 
Company in Kilosa. The total capacity is over 14 million pieces (equal to 50,000 tons) 
and the utilization in 1993 was 17 %. 
In the last 15 years, the world market grew with 0.8 % per year, but is projected to 
decline with 2.2 % in this decade. During the last 5 years, the share of Tanzania was 
about 13 % (mainly domestic) and is projected to decline to 6 % in 1999 (a capacity 
utilization of only 6 % ), because of heavy competition with highly subsidised jute bags 
on the local market The two manufacturer made heavy losses (125 to 380 TSh per 
piece) on the production. This is mainly caused by underutilization of the available 
capacity. This problem could be solved by increasing the quality of the bags and 
reducing the cost by better utilization of the available capacity ( closing down one of 
the two manufacturers would be an option). 

3.4.5 Waste and hole products 

The potendal of producing biogas from sisal waste will be worked out in this report, 
but given the fact that energy is in short supply, this seems to be quite feasible, 
although this will be established in chapter 14. Information on the other potendal 
products from sisal waste, which were mentioned in chapter 2 was limited to animal 
feed. Trials carried out on the utilization of sisal waste in Venezuela24 proved that it 
was best fed fresh, if this was not possible than it should be dried before it could 
ferment. Given the fact that the best option was feeding it fresh, would mean that the 
cattie population should live in the proximity of the decorticator, if this is not the 
case, animal feed should not be considered as an option. 
The question if sisal could be used as aso called 'energy erop' is difficult to answer, 
but looking at the possible returns on biogas, these seem to small to cover the costs 
of growing sisal and the necessary decortication. The advantage of using the waste is 
that the estates can increase there income, which would give more room for necessary 

24 FAO. Appraisal of technical and economie feasibüity of projects. 
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investments. 
The potential products from sisal holes are numerous but there is no information 
about the necessacy equipment and the potential markets. 

3.4.6 Condoding remarks 

47 

The projected market share of Tanzania for sisal and sisal products, given in table 3.9 
is questionable because this share is mainly based on two products ( agricultural twines 
and yams, and pulp & paper) who account for almost 70 % of the total market share. 
The projected market share for twines & yams is questionable and the margins on 
these products are quite low. The market for pulp & paper looks better, but a 
production of 50,000 tons will be impossible, the advantage of this product is that the 
margins are quite high. When this is taken into account, a production of sisal and 
sisal products of 118,500 tons is questionable, but a market share of more than 35,000 
tons (which was given by the FAO) will be possible with proper investments, the 
necessacy technological innovation and cooperation with foreign companies. 
The cooperation with foreign companies will be essential because most of the markets 
for the products mentioned in the sections above are export markets. To reach or 
increase your share in an export market, there are two options nl. try to do it yourself 
or seek cooperation with another company who has already a share in the market or 
has better access to it. In cooperation with foreign companies or institutes it will be 
much easier to reach the export markets. An example of such cooperation is the 
planned establishment of a paper mill by TSA and a Canadian company. Another 
advantage of cooperation is that the other party can help with the necessacy 
technological innovation. 
The last decades the technological innovations, which have taken place in the 
agricultural industcy worldwide, the production of synthetics and the manufacturing of 
synthetic products, have had only negative effects on the markets for natural fibres in 
generaL One of the main reasons for the negative impact of technology is that the 
natural fibres find their principal outiets in traditional uses such as yam and twine. 
Technological innovations have had only limited effects in improving these products 
as compared, for example with the advances made in the petrochemical industcy. The 
fact that some natural fibres have lost a smaller market share than sisal is caused by 
the fact that they have changed from mainly relying on traditional uses to new end 
uses. This process started only a few years ago in Tanzania and it will take some time 
to change the whole Tanzanian sisal industcy although TSA is already working vecy 
hard on this. They already made project profiles for new end uses and are looking for 
investors and foreign companies to cooperate, but to revive the whole sisal industcy 
this process has to be copied by the other producers or they have to cooperate with 
TSA in the proposed projects. 
The technological changes also had a negative impact on the markets for industrial 
fibres, by entirely eliminating the need for fibres in some areas, whether natural or 
synthetic. While the impact of technology has been largely negative for the natura} 
industrial fibres, increasing interest is being manifested in research and adoption of 
improved technology to reverse the downward trend in their global consumption. 
Efforts to date have centred mainly on the development of new uses and the 
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improvement of production technology for cost reduction in traditional uses. However 
while the technology for new end-uses may be developed, or is already available, 
economie factors may limit development of the market potential. As a result it was 
until recently dif:ficult for potentlal market opportunities to be realized on a larger 
scale. These considerations suggest that there is a need for intensified research for 
natural fibres, to achieve cost reduction both in agriculture and in processing, in order 
to counteract technological innovations on the part of competing materials. New 
technologies are frequently developed by machinery manufacturers in cooperation 
with producers of synthetics. These developments would suggest the need to initiate 
and maintain close contacts between producers of natural matenals and 
manufacturers of machinery for processing fibres or utilizing the end-products made 
from these fibres. In the short run, the positive impact of technology on the markets 
for natura! fibres is likely to be limited, but over the longer term potential exists, as 
the natural fibres do not suffer the disadvantages of being derived from non
renewable resources. Moreover, ecological considerations may favour the natural 
fibres, when they can compete with synthetic fibres. lnvestigation of the overall 
economie and social cost and benefits of utilizing synthetic versus natura} fibres may 
indicate that the relative price advantages of synthetics are less than generally 
believed, especially if their adverse effects on the environment are taken into 
account25

• However, aside from any benefits which may aceroe to the natural fibres 
from the impact of the environmental awareness, there is need for these industries to 
undertake new research and promotional programmes aimed at defending and 
expanding markets, particularly in non-traditional and new uses. 
This is also the case with the sisal industry in Tanzania, which bas to increase their 
research and development activities. The research and development activities are 
presently limited to the Mlingano Sisal Research Station and to TSA. The Mlingano 
station which executed much research on sisal growing and cultivation in the fifties 
and sixties is presently not undertaking any research of importance and the research 
activities of TSA are limited to the use of sisal waste and sisal holes. This is not 
enough and additional research ( alone or in cooperation with the University in Dar es 
Salaam, the Sokoine University or with foreign companies or institutes) is necessary 
in new end uses of the fibre. An example of a possible cooperation is the cooperation 
between TSA and DTI in Denmark on the production of biogas from sisal waste. 

25 FAO. Impact of changing technologicaland economie factors on markets for natura/ 
industrial fibres. Page 5. 
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4 Tanzania Sisal Authority 

The Tanzania Sisal Authority (TSA) is a parastatal which started in 1973, to 
undertake the following tasks26

• 

1 Promote the development and improvement of the Sisal industry. 
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2 Carry on the business of growers, processors, exporters and manufacturers of 
sisal and sisal products. 

3 Control and regulate the marketing and export of sisal and sisal products and 
secure the most favourable arrangements for the marketing and export of sisal 
and of sisal products. 

4 Advising the govemment on all matters affecting the sisal industry. 

The management of the nationalized estates (60 % of the Tanzania Sisal lndustry) 
was between 1967 and 1977 in the hands of the Tanzania Sisal Corporation (TSC). In 
1977 this situation changed because the TSC was abolished and TSA became directly 
involved in the production side of the Industry. TSA became a producer of only 50 % 
of the country's total production but marketer of the whole production including that 
of the private sector and the overseer of the in dustry. This caused a lot of confusion 
and in 1982 this single channel marketing was abolished, and the private growers were 
allowed to market their own production. 
The govemment is moving towards a more market economy, privatising the 
parastatals and removing controls and regulations which inhibit economie activity. 
This is also the case for the sisal industry which is slowly privatized. 

4.1 TSA privatization 

At nationalization (in 1967), TSC(fSA owned sisal estates producing 110,000 tons. By 
1980 it had expanded significantly, but due to a collapse of the world market during 
that time a restructuring was necessary. The restructuring started in 1986, the same 
year in which the privatization was started. Under this plan the company was reduced 
to a smaller nucleus which should form the basis of the privatised TSA or the 
Mkonge Group of Companies. The nucleus consists of of the following companies. 

1 

2 

3 

26 

21 sisal estates of which 6 are joint ventures in which TSA bas minority shares. 

Tanzania Cordage Company (Tancord) in Ngomeni, the biggest sisal spinning 
mill in the world, which produces twines and related products. 

Tanzania Carpet Company in Kilosa, which produces sisal carpets, buffing 
cloth, tea picking bags, yam etc. 

TSA. Privatization of TSA. Page 2. 



5 o Part I. Sisal 

4 Mkonge Livestock Company (MLICO). 

5 Shares in Mkonge Hotel in Tanga. 

4.2 TSA estates 

As stated above, TSA owns 15 estates and bas a minority share in 6 others. In this 
research only the 15 estates (see table 4.1), which are fully owned by TSA will he 
included because TSA can decide about the production without interterenee of 
others. The estates are distributed over three regions with the majority in Tanga 
(along the Tanga-Moshi line). 

Table 4.1 TSA estates (1993) 

Name Area (ha) District Region 

Gomba Mwenga 3,537 Korogwe Tanga 

Kibaranga group 7,628 Muheze Tanga 

Kilosa 3,891 Kilosa Morogoro 

Kimamba fibres 6,531 Kilosa Morogoro 

Kitisa 1,550 Muheze Tanga 

Kumburu 3,000 Muheze Tanga 

Magoma Kulasi 2,630 Korogwe Tanga 

Magunga 5,190 Korogwe Tanga 

Mruazi Hale 4,692 Korogwe Tanga 

Muheza Mkumbi 2,000 Muheze Tanga 

Mwelya Usambara 2,573 Korogwe Tanga 

Myombo 2,200 Kilosa Morogoro 

Ngombezi group 9,242 Korogwe Tanga 

Pangawe 4,016 Morogoro Morogoro 
Kingolwira 

Ubena Zomozi 4,334 Bagamoy Pwani 
0 (Coast) 

I Total I 63,014 I I 
Planted with sisal 28,780 

• ource: TSA. Co orate 'lan 199>1YYY . rp p 
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At present all estates suffer from neglection and not one estate is using more than 65 
%of its area, the average is even below 50%. 
Based on market surveys mentioned in 3.4, a good replanting will be established on 
all estates resulting in a land-use of about 95 % in 2004 and a production of more 
than 50,000 tons in the same year. 

4.3 TSA production 

The 15 estates which were mentioned above, produced at nationalization (1967) about 
50,000 tons, this figure went downtoabout 9,500 tonsin 1993 (see figure 4.1). 

60 
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~ 
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~ ~ ~ 
20 
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~ i ~ ~ ~ ~ • 1m ~ r m ~ ~ ~ ~ ~ ~ ~ 0 

1970 1980 1!190 
Year 

Source: MALD. 1993 review of the sisal industry. 
TSA. Corporate plan 1995-1999. 

Figure 4.1 Fibre production on TSA estates 1967-1993 (tons) 

Based on the replanting campaign which was mentioned in the last section, the 
following production figures can be expected for the next years (see table 4.2): 
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Table 4.2 

I Estate 

Gom ba 

Kibaranga 

Kil os a 

Kimamba 

Kitisa 

Komburo 

Magoma 

Magunga 

Mruazi 

Muheza 

Mwelya 

Myombo 

Ngombezi 

Pangawe 

Ubena 

Total 

Expected sisal production 
(in tons) 

I Decorticators• I 1994 

1 595 

2 1,333 

1 411 

2 1,032 

1 686 

1 695 

2 1,009 

2 1,816 

2 1,280 

2 829 

2 1,219 

1 489 

2 1,322 

2 866 

1 1,200 

24 15,000 

I 

'l'he num ber of decort1cators which IS p 
TSA. Corporate plan 1995-1999. Source: 

4.4 Availability of waste 

1999 I 2004 

1,695 2,770 

3,673 8,009 

1,233 1,614 

3,461 5,507 

1,101 1,441 

1,485 2,673 

2,099 1,997 

2,614 3,953 

2,635 3,600 

1,230 2,009 

1,790 2,232 

1,192 1,710 

3,459 6,250 

1,828 3,337 

1,922 3,571 

31,000 50,600 

resentl, o erat10nal. y p 

I 2008 I 
2,736 

7,956 

1,614 

5,321 

1,406 

2,673 

1,997 

3,953 

3,600 

2,009 

2,232 

1,710 

6,250 

3,337 

3,571 

50,400 

Since the expected production figures for all the estates are available, the expected 
'production' of sisal waste can be determined. This waste will be the basic material for 
the biogas production which will be worked out in part 11. In section 2.3, it was 
mentioned that for every ton of dry fibre, 19 tons of sisal waste are 'produced'. Based 
on this figure, the daily production of sisal waste on every estate (see table 4.3) can 
be calculated using formula 4.1. 

R19 =W 
365 

F Fibre production (tons/year) 
W Waste production (tons/day) 

( 4 0 1) 
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In the table below, also the number of decorticators which have to be in operation for 
the fibre production given in table 4.2 are presented. For the calculation of this 
number a maximum yearly output per decorticator of 1,500 tons per year is taken. 
This output is basedon a production of 5 tonsof fibre per shift and 300 shifts a year. 
This figure seems realistic when the results of the decorticator efficiency (see 
Appendix 2) are taken into account. The results show that an average of 4.24 
tons/shift was obtained in 1993 and the first half of 1994, but the amount of leaves 
which was necessary to reach this amount was too much, because of the low efficiency 
(2.69 % ). This efficiency figure should be increased (to a figure which is closer to the 
maximum of 4.25 %) by a better operation of the decorticator, otherwise the 
projected production figures (table 4.2) will not be realistic anymore. 

Table 4.3 

Estate 

Gom ba 

Kibaranga 

Kilosa 

Kimamba 

Kitisa 

Kumburu 

Magoma 

Magunga 

Mruazi 

Muheza 

Mwelya 

Myombo 

Ngombezi 

Pangawe 

Ubena 

Waste availability 
(tons/day) 

1994 

Waste Deca 

31 1 

69 1 

21 1 

53 1 

36 1 

36 1 

53 1 

95 2 

67 1 

43 1 

63 1 

25 1 

69 1 

45 1 

62 1 

a Number of decorticators. 

1999 

Waste Deca 

88 1 

191 2 

64 1 

180 2 

57 1 

77 1 

109 2 

136 2 

137 2 

64 1 

93 1 

62 1 

180 2 

95 1 

100 1 

2004 2008 

Waste Deca Waste Deca 

144 2 142 2 

417 5 414 5 

84 1 84 1 

287 4 277 4 

75 1 73 1 

139 2 139 2 

104 2 104 2 

206 3 206 3 

187 2 187 2 

105 2 105 2 

116 2 116 2 

89 1 89 1 

325 4 325 4 

174 2 174 2 

186 2 186 2 

Given the above mentioned figure of 1,500 tons per decorticator per year means that 
the maximum daily waste production from one decorticator is about 78 tonsper day. 
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5 Anaerobic digestion 

The decay of organic material (human, animaland plant wastes), in the absence of air 
produces an inflammable gas which consists of methane (CH4) and carbon dioxide 
(C02). This gas is k:nown as biogas and the processas anaerobic digestion. 

5.1 Microbiology and biochemistry 

The degradation of organic material to produce biogas relies on the complex 
interaction of four groups of bacteria27 (see also fig 5.1). 

1 The hydrolytic and fermenting bacteria, which convert a variety of complex 
organic molecules into a broad spectrum of end products ( acetic acid, H:JC02, 

monocarbon compounds, organic fatty acids larger than acids). 

2 The hydrogen-producing acetogenic bacteria, which include both obligate and 
facultative species that can convert the products of the first group to hydrogen 
and acetate. 

3 The homo-acetogenic bacteria which can convert a very wide spectrum of 
multi- or monocarbon compounds to acetic acid. 

4 The methanogenic bacteria which convert H:JC02, monocarbon compounds 
and acetate into methane, or can form methane from decarboxylation of 
acetate. 

In the overall process, complex organic compounds are transformed into stabie gases, 
mainly methane and carbon dioxide. Much of the chemica} energy originally present 
in the organic materials remains in the produced methane. 
Substantial removal of the biodegradable compounds occurs only during the 
methanogenesis step. This last stage is only possible when the original organic 
compounds have been converted into acetic acids in the preceding steps. In the steps 
prior to methanogenesis, a decrease in the Chemica} Oxygen Demand (COD) occurs 
only if hydrogen is produced and released from the liquid phase. This reduction of 
the COD and so a reduction of the polluting effect of the effluent is one of the 
advantages of anaerobic digestion (see 5.2 and 5.3) 

27 Marchaim, Uri. Biogas processes for sustainable development. Page 15-17. 
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Stage 2 
Acetogenesis and 
dehydrogenation 

Stage 3 

Methanogenesis 

Marchaim, Uri. Biogas processes for sustainable development. 
The stages of methane fermentation 

5.2 Environmental advantages 

57 

During the treatment of organic wastes with anaerobic digestion, most of the organic 
pollutants are removed and thus anaerobic digestion can be used for water pollution 
con trol. 
Organic matter is polluting because the bacteria which break it down, absorb the 
oxygen in the water. If the pollution occurs on a large scale, the oxygen content of the 
water will drop below critica} levels. The most common way of measuring the 
pollution of the water or the pollution effect of the waste is the COD or BOD (see 
appendix 1). This is an indicator for the amount of oxygen required for all the organic 
matter to be completely oxidised. The purer the water or the waste, the lower the 
COD and BOD levels. Through anaerobic treatment of organic waste, the COD and 
BOD levels of the waste can be reduced by 75 to 92 % and thus the pollution effect 
can be minimized. 

Another environmental advantage is the reduction of greenhouse gas emissions. In 
part I, it was already mentioned that methane emissions from agricultural waste do 
contribute to the greenhouse gas emissions and that sisal waste contributes for about 
6.25 % to the total CH4 emissions in the world. Through the treatment of the 
agricultural waste and in this case the sisal waste, the methane emission can be 
red u eed. 
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According to the UNDP28
, the treatment of all the sisal waste in Tanzania (in 1991 

about 720,000 tons) would leadtoa rednetion in CH4 emissions of 23 million m3. 
Besides that, the produced biogas can substitute fossil fuels of 60,000 tons diesel 
oil/year, which would lead to a rednetion in co2 emission of 220,000 tons/year (a 
rednetion of 1 %of the total C02 emissions in Tanzania). 

5.3 Other advantages 

5.3.1 Biogas production 

The production of biogas from organic waste is the most profound benefit of 
anaerobic digestion. The quantity and composition of the biogas depends on the feed 
material, type of digester, temperature and retention time. Normally the biogas 
production can be calculated from the amount of volatile solids (VS) which are 
present in the waste. A rough indication of the production rate is about 400 to 700 I 
CH4 per kg VS. 
For sisal waste a production rate of 400 I CH4 per kg VS loaded into the reactor bas 
been observed in Denmark under laboratory conditions29

• This means that for every 
ton of undiluted sisal waste (VS content 8.8 %, and VS removal 55 %) 54.3 m3 of 
biogas will be produced (see appendix 7). 
The biogas bas, like all other energy sourees no intrinsic value and becomes of value 
if it can be converted into heat, electricity etc. The economie benefit of the biogas 
depends on the sales prices of the applications (see part 111). 

5.3.2 Fertilizer 

Anaerobic digestion of organic waste does not cause the fertilizer value to decrease. 
The nutrients which are present in the influent (feed stock) are not degraded in any 
way. During digestion the organic matter is removed and many pathogenie organisms 
are killed. This makes the use of farm wastes less hazardons from a pollution and 
public health point of view. 
From 1 ton of sisal waste, 66,5 kg of dry matter (fertilizer) will remain after digestion 
(see appendix 7). This means that when 1 decorticator is in full operation (which 
means a waste 'production' of about 78 tonsper day), about 5.2 tonsof dry fertilizer 
will remain after the waste is digested. This fertilizer can be used on the estates or it 
can be sold. According to Capita! Consultancr> this fertilizer could be sold at a price 
of about 10,000 TSh/ton. The problem is the transportation of the fertilizer to the 
customer, which will lay a heavy burden on the price. Because of the various 
parameters conceming agriculture, soil and users groups, which require a separate 

28 UNDP. Takagas. Energy from waste in Tanzania. Page 6-12. 

29 DTI. Biogas production on sisal waste. 

30 Capita} Consultancy. Sisal waste revaluation project. 
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research approach, and the available time, this option is not elaborated thoroughly in 
this research. Where necessary, already available information will be used. 

5.4 Environmental factors 

As stated in 5.1, anaerobic digestion relies on the complex interaction of four groups 
of bacteria. A stabie anaerobic digestion requires that the bacterial groups be in 
dynamic and harmonious equilibrium. Changes in environmental conditions can affect 
this equilibrium which inhibit the overall process. 
The most important environmental factors will be worked out in the following 
sections. 

5.4.1 Temperature 

The effect of temperature on anaerobic digestion falls into two areas: absolute 
temperature and temperature fluctuations. 

1 Absolute temperature: 

Roughly speaking, three temperature regions can be distinguished in which the 
anaerobic digestion process will take place31

• 

1 
2 
3 

Psychrophilic 
Mesophylic 
Thermophilic 

10-25 °C. 
30-35 °C. 
50-55 °C. 

The first possibility is questionable according to the theory but derives from practical 
experiences and the other two are the optimal temperatures according to the theory 
of microbiology. The most profound influence of the temperature on anaerobic 
digestion is the change of the rate of methane production and so the retention time. 
This period will decrease with increasing temperature (see figure 5.2) 

31 Brakel, J. van. The ignis fatuus of biogas. Page 85-88. 
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Mesophll te dtgestton 

/ 

0 

Relatfve Dlgestlon Ttme--Tifl'lf' at 25°C--Unlty 

Source: Gunnerson, Charles G. and David C. Stuckey. Anaerobic digestio11.. 
Principles and practices for biogas systems. 

Figure 5.2 Relative digestion time (time refers to time required at 25 °C) 

An advantage of thermophilic digestion is that the rate of methane. production is 
approximately twice that of mesophyllic digestion, so the digester can be half the 
volume of a mesophyllic digester. However, with wastes which are at ambient 
temperatures, considerable energy is needed to raise the temperature to 55 °C. 

2 Temperature fluctuations: 

All bacterial populations in the digester are fairly resilient to short term temperature 
upsets up to about two hours, and return rapidly to normal gas production rates when 
the temperature is restored. However, numerous or prolongeä temperature drops can 
result in serious problems. 

5.4.2 Ph 

When organic material is digested, the progress of the digestion can be foliowed by 
the changes in the acidity. Initially, the acid-forming bacteria will be breaking down 
the organic matterand produce volatile fatty acids (VFA). As aresult the general 
acidity of the digesting material will increase and the pH will fall below neutraL After 
a eertaio time, the methane bacteria will begin to make their presence feit and the 
pH will begin to rise as the acids are broken down in methane. The overall picture 
which emerges is that of closely interacting factors which under normal conditions will 
tend to rnaintaio the pH within the correct range for digestion and methane 
production. This range lies between 6.5 and 8. 
Obviously, when starting up a digester the bacterial population will have a greater 



Part 11. Biogas production 61 

proportion of acid-formers and a high organic content, which will cause the pH to be 
low. When the populations are balanced, the pH will become stabilized at the 
optimum for the process. However if the environmental conditions change rapidly, the 
action of the methane producers would be inhibited and that of the acid-formers will 
be promoted, so that the digester is thrown out of balance. If the balance is distorted, 
it can be restored by either stopping of feeding the reactor or adding lime. 
In part I, it was mentioned that fresh sisal waste had a pH of about 5.2. This seems 
too acidic to feed into the digester right away and should be mixed with lime to raise 
the pH. However, when the digester is running properly (which means that the Ph lies 
between 6.5 and 7.5), the digester can beregardedas a big buffer. When not too 
much waste is added daily, the pH will not fall below the critica} value of 6.5. 

5.4.3 Nutrients 

The most important thing for anaerobic digestion is that there should be enough 
carbon present. Usually if there is a high concentration of organic solids (about 5%) 
in the sludge this condition will be satisfied. The solids are also important physically 
since they provide a surface which the anaerobic bacteria need for support in order to 
thrive. 
Apart from carbon, the amount of nitrogen in the waste is most important. If there is 
too little nitrogen, the bacteria will not be able to use all the carbon present and the 
process will be inefficient in breaking down the organic matter. If there is too much 
nitrogen not all can be used, so that it accumulates, usually as ammonia (NH3) and 
this can kill or inhibit the growth of bacteria, especially the methane producers. lt is 
better to have too much nitrogen in the waste than too little, and even if the C/N 
ratio is less than the optimum (C/N = 20- 30:1) the waste can be digested. Sisal 
waste bas a C/N ratio of 24:1 (see table 2.7 insection 2.7.1) which is optimal for 
digestion. 
In a similar way phosphate is needed by the bacteria, and although the consequences 
are not drastic if there is a surfeit, a lack of it will inhibit the process. The optimum 
carbon to phosphate ratio is about 150 : 1 and sisal waste bas a C!P ratio of 513, 
which is too high but this ratio is not drastic. Besides these nutrients also trace 
elementsof sulphur, calcium, magnesium, potassium, zinc and iron are necessary in 
small concentrations. 

5.4.4 Toxic materials 

The main cause of a biogas plant going sour is the presence of toxic substances. 
Antibiotics, disinfectants, pesticides and indirectly heavy metals are designed to kill 
bacteria and will stop a digester functioning, as will detergents. Care must be taken 
that the feedstock used in the plant bas not been affected by these chemieals and that 
the water used to mix the slurry is not polluted. The methanogenic bacteria are not 
killed by toxins, but switch themselves into a non-working state. In order to control 
operation and minimize toxic effects, it is important to identify inhibition in its early 
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stages. The two main indicators are32
• 

1 Rednetion in methane yield over time, indicated by two or more consecutive 
decreases of more than 10 % in daily yield at a constant loading rate. 

2 Increase in volatile acids concentration over time. 

5.5 Practical points 

5.5.1 Startlog the digester 

Whatever type of digester is chosen, it needs to be started up carefully. There are two 
methods to start up a digester. 

1 Seeding. This means that the waste is mixed with a proportion of sludge which 
bas already been digested anaerobically and thus contains the required 
bacteria. 

2 Filling the digester with about 80 % of water and then add the waste regularly. 
This metbod can be used in combination with the fi.rst, by mixing the sludge 
with some 'seed'. 

When the first retention time bas passed, the digester will contain the right level of 
solids and the start-up period can be regarded as finished. 

5.5.2 Loading 

Before the waste can be fed into the digester it bas to be cleared of sand and grit, in 
case of sisal the main problem is the tlume tow which can be removed by squirrel 
cages. The loading is usually expressed in the amount of waste per unit of reactor 
volume (kg/m3.day) or the amount of organic waste per unit of reactor volume (also 
called OLR). 
Since the waste bas to be fed daily but is not produced daily, a tank is necessary to 
balance out the tlows. This is also the case with sisal waste, which is produced 6 days 
a week, for 10 hours a day and bas to be fed 7 days a week. To establish this, a tank, 
capable of storing sisal waste of 2 days, is necessary. From this tank the waste can be 
pumped or flows under gravity to the digester. 

32 Gunnerson, Charles G. and David C. Stuckey. Anaerobic digestion. Principles and 
practices for biogas systems. Page 12-13. 
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5.5.3 Mixing 

The degree of mixing varles considerably between digester types. The simplest 
situation is zero mixing likeinsome batch digester (see also 6.1), but they are quite 
inefficient. The advantage of mixing is that it reduces stratification and improves 
contact between the organisms and the substrate (see figure 5.3 for the effects of no 
mixing, when the digester contents tend to stratify). lt also breaks the scum layer, 
which if undisturbed can lead to inefficient digestion and can in the worst case 
provide a seal on the digester. 

Scum 

Supernatant 

Active 

Source: 
Figure 5.3 

Stabilized solids 

Bamett, Andrew, a.o. Biogas technology in the third world. 
Stratification in case of absence of mixing 

5.5.4 Gas collection 

When the gas that is produced during digestion, is not used immediately, it should be 
stored in a gas bolder. The type of gas-holder depends on the amount of gas that has 
to be stored and the pressure. 
The gas bolders can be divided into the low and high pressure gas bolders. The one 
which is most widely used is the gas dome (a low pressure gas bolder). This holder 
consistsof an inverted drum which floatsin water. When the gas is collectedunder 
the drum, the drum will float up and down depending on the amount of gas stored. 
The normal pressure in a gas dome is about 10 cm water (1 mbar), which means that 
the drum has a weight of about 100 kg/m2

• To obtain a higher pressure, the weight of 
the drum has to be increased. Because of the weight of the drum, the volume of a gas 
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dome is limited. 
Another type of low-pressure gas-holder is the balloon type. The gas is collected in a 
big balloon. 
For the biogas which will he produced from sisal waste a gas holder with a capacity of 
about 1,000-1,500 m3 will he necessary. This volume can not he stored in a normal gas 
dome, but a special dome bas to he used. This one is already under construction in 
the Takagas project in Dar es Salaam, where the produced biogas is compressed from 
1 to 200 mbar and stored in a gas dome. When the biogas is compressed to 200 mbar, 
the initia} 1,000 m3 can he reduced to about 5 m3. 
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6 Digester types 

In this chapter an ovetview of all the available types of digesters (low and high ra te) 
shall be given in order to determine which types are suitable for the treatment of sisal 
waste. Every digester shall be described in general and the applicability for sisal waste 
shall be assessed. The applicability depends on two factors which are mentioned 
below, and the assessment is based on the existing literature and on communication 
with various people from the Applied Microbiology Unit, MWEM, CEEST and Carl 
Bro. 

1 The digester should be able to digest sisal waste. 

2 The possible size of the system should be sufficient to treat 78.1 m3 of sisal 
waste and 16.4 m3 of waste water per day (see appendix 7). This results in a 
total influent of almost 95 m3/day. With aretention time of about 30 days, 
which is prevalent under normal conditions (25 °C), the maximum size of the 
system should be about 2,850 m3

• 

The digesters which seem suitable for sisal waste shall be worked out in detail in the 
next chapter. 
As already stated, the anaerobic digesters can roughly be divided into two categories: 
low and high ( organic loading) ra te systems which are mostly used for the anaerobic 
treatment of waste waters. 
Tbe following digesters can be grouped under the low-rate systems: 

1 Batch type 
2 Floating drum 
3 Fixed dome 
4 Underground concrete bed (UCB) 
5 Continuons Stirred Tank Reactor (CSTR) 

Systems for anaerobic treatment of waste waters are generally based on 
immobilization of the active bacterial flora which means that the biomass can be kept 
within the reactor even with a very low retention time of a few hours. Immobilization 
can either be done by the use of supporting materials, which will be costly, as in the 
fixed-film reactor (see 6.10) or by immobilization of the bacteria by concentrating 
them in heavy bacterial clumps called granules which are the catalyst for the UASB 
system (see 6.6)33

• 

Systems which can be grouped under the high rate systems are: 

6 
7 
8 

33 

Upflow Allaerobic Sludge Blanket (UASB) 
Anaerobic filter 
Allaerobic contact process 

Lettinga, G. and A.C. van HaandeL 'Anaerobic digestion for energy production 
and environmental protection' in Johansson, et.al. Renewable energy. Sourees for 
fuels and electricity. 
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9 Fluidized bed reactor 
10 Fixed bed 
11 Packed bed 

6.1 Batch type 

The simplest of all processes is the batch digester (see figure 6.1). The operation of a 
batch digester involves merely charging an airtight reactor with the substrate, a seed 
inoculum, and in some cases a chemical to maintain a satisfactory pH. The reactor is 
then sealed and digestion is allowed to proceed for 30 to 180 days. During this period 
the daily gas production builds up to a maximum and then declines. The digester is 
quite simple to run, but the disadvantages occur for both the loading and emptying of 
the digester, which can be quite messy and is a lot of work when large amounts of 
waste are involved. Therefore this system is not applicable for continuons charging 
and discharging like it is the case with sisal waste. Another point is that this system is 
only suitable for small scale use and not for the treatment of an influent of 95 m3/day. 

Removable cover t 

Reactor 

Gas outlet 

Coverfor 
solids removal 

I 
Liquid outlet 

~--~ ...... 

Source: Gunnerson, Charles G. and David C. Stuckey. Anaerobic digestion. 
Principles and practices for biogas systems. 

Figure 6.1 Batch digester 
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6.2 Floating drum 

The floating drum was designed in India and is therefore also called the Indian 
design. The sluny is kept in a cylindrical pit in the ground and the gas is collected in 
a cylindrical gas drum that floats mouth downwards in the sluny. As the gas collects 
in the drum, it floats higher in the liquid. 
The normal design types (see figure 6.2) use a deep, straight-sided cylindrical digester 
pit, the depth being two to three times the diameter. This system can be operated 
continuously and is widely used in India, where until 1993 about 1.76 million family 
size biogas plants (mainly tloating drum) have been installed34

• 

Although this system bas proven to be very reliable, it is not suitable for sisal waste 
because it is until now only operated on small scale (family-size). The UCB, which 
shall be described in 6.4 is a digester which uses the same principle as the floating 
drum and can be operated on a larger scale. 

GAS OUTLET 

CENTRAL GUlDE 

OUTLET 
PIT 

PARTITION 
WALL 

Source: Gunnerson, Charles G. and David C. Stuckey. Anaerobic digestion. 
Principles and practices for biogas systems. 

Figure 6.2 Floating drum digester 

34 DANIDA. International conference on medium and large scale biogas plants in 
developing countries. Page 53-61. 
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6.3 Fixed dome 

The fixed dome design is the basic design used in China. It is an underground pit, 
lined with brick or concrete, with a dome-shaped cover, also made from brick or 
concrete, placed over it. The cover is fixed and held in place with earth piled over the 
top to resist the pressure of the gas inside. A second pit, the slurry reseiVoir, is built 
above and to the side of the digester. As gas is given off by the slurry, it collects in 
the dome and displaces some of the slurry into the reseiVoir. As gas is used, the 
slurry flows back into the digester to replace it. This system of gas starage is called 
the displacement principle. 
The fixed dome type is also widely known and used in Tanzania, especially in the 
Arusha region where GTZ, in cooperation with CAMARTEC, runs a dissemination 
programmin which until 1993, 600 family-size biogas plants have been installed35

• 

The system is however not applicable for sisal waste since the largest running fixed 
do me is a bout 60 m3

, which is much too small to handle a bout 95 m3 of sisal waste 
and waste water a day (see appendix 7). 

GAS 

" 
• _ SLURRY 

• 
• -• 

. " DISPLACEMENT TANK 

OUTLET PIPE 

Source: Gunnerson, Charles G. and David C. Stuckey. Anaerobic digestion. 
Principles and practices for biogas systems. 

Figure 6.3 Fixed dome digester 

35 DANIDA. International conference on medium and large scale biogas plants in 
developing countries. Page 140-150. 
Gutterer, Bernd and Ludwig Sasse. Biogas survey 1992. 
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6.4 Underground concrete biodigester 

This type is designed by the Biogas Extension Setvice (BES) of CAMARTEC in 
Arusha after a series of small scale experiments. The system consists of a large 
reetangolar tank, made of concrete, which is placed in the ground. The tank is 
partitioned in certain parts, each with their own mixer and gas collector, therefore its 
size can be extended to volume of about 1,000 m3

• The gas collectors float (just like 
the floating drum) on the sluny and move up and down with the amount of biogas 
which is collected under them (like the floating drum type). The waste enters the tank 
at one side, and will be digested during its flow through the tank. After digestion, the 
waste leaves the tank at the other side. The gas collectors on each part of the tank 
are connected to a central gas-holder which will supply the gas to the applications. 
Because of the size the tank, which can be made up to 1,000 m3

, this seems a possible 
option for the treatment of sisal waste (see 7.1.1). 

Gas collector Gas outlet 

t t t t \ n n n n 

., 
I niet 

.... 

...,... 

h ... 
Outlet 

Figure 6.4 Underground concrete biodigester 

Presently a pilot plant (60 m3
) of this type is available at Muheza Mkumbi estate. This 

plant was build to test the reliability of the system, however due to problems with the 
supply of raw material (sisal waste from dry-decortication) the reliability could not be 
assessed during my stay in Tanzania. 

6.5 Continuons Stirred Tank Reactor 

This type is designed and used in Denmark on a large scale, and will also be used in 
the Takagas project in Dar es Salaam. The reactor consists of a concrete tank, with a 
gas outlet in the top. The sludge is being mixed to get an optimal contact between the 
bacteria and the sludge. This system can be used for all sorts of waste but especially 
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sewage sludge and farm waste. From laborato:ry tests in Denmark for the Takagas 
project it became clear that sisal waste can also be treated with this system36

• Another 
point is that the size used in the Takagas project (800 m3

) is large enough to treat the 
influent of 95 m3 per day.(see 7.1.2). 

Gas outlet 

lnlet 

Source: UNDP. Takagas. Energy from waste in Tanzania. 
Continuous stirred tank reactor Figure 6.5 

6.6 Upflow Anaerobic Sludge Blanket 

The UASB reactor was developed by the Agricultural University Wageningen 
(AUW), the Netherlands in the early seventies. The reactor consistsof a circular tank 
in which the waste flows upward through an anaerobic sludge blanket which 
oomprises about half the volume of the reactor (see figure 6.6). The reactor consists 
of a digester compartment containing the sludge bed, a gas-solids separator in the 
upper part of the reactor, and an intemal settler for sludge retention at the top of the 
reactor vessel. 
The UASB reactor concept is based on37

• 

1 

36 

37 

The formation of 'well-settling' granular or flocculent type of anaerobic sludge, 
thereby eliminaring the need for mechanica} mixing in the reactor. 

UNDP. Takagas. Energy from waste in Tanzania. Page 39-43. 

Lettinga, G and A.C. van Haandel. Anaerobic digestion for energy production and 
environmental protection. In Johansson. Renewable energy. Sourees for fuels and 
electricity. 
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2 Natura! agitation caused by gas production and an even distribution of feed 
inlets, which provide the required contact, complete fluidization is not needed. 

3 A well designed gas-solids separator (GSS) system in the upper part of the 
reactor, which will retain the well-settling sludge, a GSS is crudal for a UASB 
reactor. 

This system can be applied to practically any type of wastewater that contains organic 
material and in which toxic compounds do not occur at inhibitoty concentrations. 

seperator 

Liquid 

Liquid outlet 
,__ _ _J ..... 

Source: Gunnerson, Charles G. and David C. Stuckey. Anaerobic digestion. 
Principles and practices for biogas systems. 

Figure 6.6 Upflow Anaerobic Sludge Blanket 

In Thailand the system bas been used for the treatment of distillery slop (96 m3/day) 
with a solid content of 12 to 15 %38 and also in China this type is used for the 
treatment of manure39

, so it should be possible to treat sisal waste with this system. 
Although the applicability of this system for sisal waste is not proven unto now (at 
this moment some laborato:ry tests are undertaken in Denmark at DTI), it will be 
considered as an option in this research (see 7.1.3). 

38 

39 

Bras-Klapwijk, Remke. The UASB reactor in Thailand. Page 47-52. 

DANIDA. International conference on medium and large scale biogas plants in 
developing countries. Page 178-193. 
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6. 7 Anaerobic filter 

An anaerobic filter reactor consists of a taU reactor (H/D = 8 to 10) fiiied with media 
on or in which the organisms can grow or become entrapped (see figure 6.7). The 
waste to be treated is usuaiiy passed upward through the filter, and exits through a 
gas syphon, although downflow configurations can be used. The organisms growing in 
the filter consist of two sorts: those attached to the media and those entrapped in a 
suspended form within the interstices of the media. 

Gas outlet •- c:=::==;-J 

Reactor 

Liquid in let_...,. r------1 

Packing support 

Source: Gunnerson, Charles G. and David C. Stuckey. Anaerobic digestion. 
Principles and practices for biogas systems. 

Figure 6.7 Anaerobic filter 

The system can accommodate organic space Ioads of up to 10 to 15 kg per m3 per day 
for mainly Iiquid wastewaters. The main practical problem with AF systems is clogging 
of the filter, which reduces contact between the retained sludge and wastewater. 
Another drawback is the relatively high cost of the support medium. Due to these 
difficulties, the number of installed full-scale AF systems is still small. Keeping this in 
mind and Iooking at the type of waste which can be treated (mainly liquid 
wastewaters with low solid contents), this system is not suitable for the treatment of 
sisal waste. 
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6.8 Anaerobic contact 

Mixer 
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Source: Gunnerson, Charles G. and David C. Stuckey. Anaerobic digestion. 
Principles and practices for biogas systems. 

Figure 6.8 Anaerobic contact 
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The contact process is the anaerobic equivalent of conventional aerobic activated 
sludge processes for liquid wastewater treatment. The required studge-wastewater 
contact is achieved by mechanica! mixing and I or gas recirculation (see figure 6.8). 
The contactprocessis in fact nota high-rate system because the organic loading rate 
does not exceed more than 4-5 kg COD per m3 per day. Taking this figure, it should 
be possible to treat sisal waste, but according to Meynell and DANIDA 40

, this system 
is only suitable for waste water with a low solid content ( <5 % ). Since sisal waste bas 
a solid content of over 10 %, it is not suitable to treat sisal waste with this system. 

6.9 Fluidized bed 

Fluidized-bed systems (see figure 6.9) retain sludge by coating inert mobile carrier 
particles with biofilm. Contact with the feedstock is achieved by keeping these biofilm 

40 Meynell, Peter-John. Methane: planning a digester. 
Danida. International conference on medium and large scale biogas plants in 
developing countries. Page 178-184. 
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particles in a tluidized state. The central problem in the operation of tluidized 
biofilm-bed systems is to maintain biofilm particles of uniform shape, size and density. 
Since this is almost impossible, a stabie tluidized bed cannot be guaranteed. 
Moreover, some of the recently introduced anaerobic FB systems require a separate 
pre-acidification reactor, and they generally also need to have their effluent recycled 
to tluidize the biomass-carrier particles. Thus the prospects for this system and otber 
systems based on this principle (like fixed bed and packed bed) appear to be small 
and should not be used for the treatment of sisal-waste. 
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Figure 6.9 
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BORDA. International conference on biogas. Technologies and 
implementation strategies. 
Fluidized bed 



Part 11. Biogas production 

7 Suitable designs 

From chapter 6 it became clear that there are three types of digesters which seem 
suitable for the treatment of sisal waste from dry-decortication. 

1 The Underground Concrete Biodigester (UCB). 
2 The Continuous Stirred Tank Reactor (CSTR). 
3 The Upflow Anaerobic Sludge Blanket (UASB). 

75 

In this chapter these three types will be investigated more thoroughly. The basic unit 
for the biogas instaBation will be based on the output of one decorticator running at 
full capacity (see appendix 7). If an estate bas more than one decorticator, the basic 
unit can be doubled and certain equipment and manpower can be shared, reducing 
the costs of the second installation. Besides a description of the system and the 
investment costs involved an assessment of the 'appropriateness' bas to be executed. 
Whether the technology involved is appropriate for application in the sisal industry in 
Tanzania depends on the social and physical infrastructure present in Tanzania. An 
important aspect of the social infrastructure is the social culture and in particular the 
kno :'Iedge, know-how and technology in the field of biogas. 
The plant economy will contain only rough figures (in US$, for the conversion from 
TSh to US$,an exchange rate of 525 TSh bas been used) because the time was too 
short to do a 'feasibility study' on all the three types. However, these figures will give 
a good indication of the investment costs involved in building a biogas installation, 
and are accurate enough for the execution of reliable estimations of NPV and IRR. 
The equipment necessary for the utilization of the biogas will be worked out in part 
111. 

7.1 System descriptions 

The three types of digesters require a complete system of tanks and other equipment 
to run (see table 7.1 and the figures 7.1, 7.2 and 7.3). In this section these systems 
shall be described separately. The designs of the systems are partly taken from the 
available literature and some items are added. Where necessary, adaptions to the 
original designs were made. The additional items and adaptions, which are made, are 
based on communication with people various people from CAMARTEC, the Biogas 
and Solar Company, the MWEM, the Applied Microbiology Unit, CEEST, UNDP 
and TSA. 
The fi.rst digester system will be described in total and of the two other ones only 
those items which differ from the first system. 



76 Part 11. Biogas production 

Table 7.1 Overview of the three systems 

Item 

Pre-storage (m3
) 

Biodigester (m3
) 

OLR (kgCOD/m3.day) 

Liquid storage (m3
) 

Gas holder (m3
) 

Energy (kWh/day) 

Skilied Iabour 

Unskilled Iabour 

From 
decorticator 

Pre
storage 1--1~ 
200m3 

Figure 7.1 UCB system 

Size 

UCB CSTR UASB 

235 235 300 

3,000 1,600 1,200 

1.6 2.9 3.9 

200 200 200 

1,000-1,500 1,000-1,500 1,000-1,500 

180 180 180 

2 3 4 

4 4 4 

Gas 
storage 

1---..To gas applications 

Underground biodigester 
1000 m3 

Underground biodigester 
1000 m3 

Underground biodigester 
1000 m3 

Liquid 
storage 

200m3 
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From decorticator 

Conveyer 

Pre 
storage 
200m3 

Liquid 
residue 
200m3 

Figure 7:2 CSTR system 

From decorticator 

Figure 7.3 UASB system 

Filter press 

Gas 
starage 

T o applications 

T o gas applications ........ ~ 
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7.1.1 Underground Concrete Biodigester 

The main items of this system (the three digesters) are designed by CAMARTEC 
from Arusha and are, like all the other tanks, made from bricks and plastered on the 
inside. 
The sisal waste and waste water from the decorticator is passed through a conveyer to 
remove all the short fibres and pumped to a pre-storage tank. 

Pre-storage tank 

The pre-storage tank is designed to balance out the difference between the in- and 
outflow of waste and to raise the pH when necessary. The tank is circular of shape (H 
= 2.5 m; D = 11 m) with a volume of 235m3 and can store the waste and waste 
water from two decorticator shifts. From this tank the waste is pumped to the three 
digesters. 

Digesters 

The digesters are rectangular (36*7*4 m)of shape with a volume of about 1,000 m3 

each, resulting in a total capacity of 3,000 m3
• The digesters are partitioned in eight 

parts, each with their own mixer and gascollector. 
Given the fact that the maximum amount of waste is about 95 tons/day (see appendix 
7), this capacity will result in aretention time of 31 days or an OLR of 1.6 
kgCOD/m3.day. This figure is only valid when the decorticator is running at full 
capacity. If the decorticator is notrunning at full capacity, then the amount of waste 
will be lower. In this case, one can choose to operate only one or two digesters, but it 
is better to operate them all which will result in a slightly higher retention time and 
thus a slightly higher biogas production. The gas is collected in the eight gascollectors 
which float freely on the slurry in the digester. These gascollectors are connected to 
the gas storage. 
After the waste is digested it will be pumped out of the digesters to the filter press. 
At this press the digested sludge is dewatered. The dewatered solid, which can be 
used as fertilizer, falls from the bottorn of the press and can be collected in a 
container (when it will be utilized) or left. The remaining liquid is transported to a 
liquid storage. 

Liquid storage 

This tank is circular in shape (H = 2 m; D = 11.5 m) with a volume of about 200m3
• 

The liquid in the tank can be used on the land or for washing the fibre. In the case 
for use on the land, it can be led out of the tank to the land in the other case a 
recirculation circuit bas to be installed. This option will not be dealt with in this 
research. 

Gas collector 

The gas from the gas collectors on tbe digesters which is not used right away will be 
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stored in a gas dome. The maximum amount of gas, which bas to be stored will be 
about 1,500 m3

• This is possible by rompressing the gas from 1.5 mbartoabout 200 
mbar, which will reduce the volumetoabout 11m3

• 

Energy 

There are three pumps (5 kW) working for about 12 hours a day, so the average 
consumption is 180 kWhlday. 

Persounel 
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For the proper operation of this biogas plant and the enginelgenerator for electricity 
generations, the following personnel is required (the overhead personnel is not 
included). 

1 plant manager I biogas engineer. 
1 electrical I mechanica! engineer. 
4 unskilled Iabour. 

The technicians could be used on more than one biogas plant if the distance between 
the plants is not too large and the plant manager can manage more than one plant on 
an estate. 

7 .1.2 Continuo os Stirred Tank Reactor 

This system is currently under construction in Dar es Salaam as a part of the Takagas 
project. Most of the items in figure 7.2 are copied from the system used in that 
project. The most important difference with the UCB system is that all the tanks will 
be made of concrete instead of plastered bricks. 

Digesters 

The digesters (two) are circular of shape (H = 6 m; D = 13 m) with a total volume 
of 1,600 m3

• The tanks are equipped with a mixer and heating coils which will heat 
the sludge to 37 oe, resulting in a reduction of the retention time. These heating coils 
can be connected to the water cooled gas engine (see chapter 9). Taking the 
maximum inflow of 95 tonslday, this will result in a retention time of 17 days and an 
OLR 2.9 kgCODim3.day. 

Persoon el 

For the proper operation of this biogas plant and the enginelgenerator for electricity 
generations, the following personnel is required (the overhead personnel is not 
included). 

1 plant manager I biogas engineer. 
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2 technicians: 1 electrical and 1 mechanica} engineer. 
4 unskilled Iabour. 

The difference with the ueB system is that one additional technician will be 
necessary for the equipment present in the digester system (pumps, heating of 
sludge ). The technicians could be used on more than one biogas plant if the distance 
between the plant is not too large and the plant manager can manage more than one 
plant on an estate. 

7.1.3 Uptlow Anaerobic Sludge Blanket 

This system is widely used in developed countries for the treatment of industrial waste 
waters. Also in China and Thailand the system is used for the treatment of farm 
waste and distillery slop. 

Acidification reactor. 

This reactor (H = 3 m; D = 11.25 m) is designed to store the fresh waste and 
neutralize the pH of the waste before it can be fed to the UASB reactor. 

UASB reactor 

The reactors (two) are circular of shape (H = 6 m; D = 11.25 m) with a total volume 
of 1,200 m3 and the waste enters the reactor at the bottorn and is pumped up through 
the sludge blanket. At the top the digested waste flows to the filter press and the 
liquid storage tank. The temperature necessary for proper operation is about 30 oe. 
To achieve this temperature, the reactors have to be equipped with a heating coil, 
although the tank also warms up through the radiation of the sun. At a temperature 
of 30 oe, the OLR can be 3.9 kgeOD/m3.day. After digestion, the sludge is pumped 
to the filter press and the liquid storage tank. 

Persounel 

For the proper operation of this biogas plant and the engine/generator for electricity 
generations, the following personnet is required (the overhead personnet is not 
includedt1

• 

1 plant manager; 
3 technicians: 1 biogas, 1 electrical and 1 mechanica! engineer; 
4 unskilled Iabour. 

The technicians could be used on more than one biogas plant if the distance between 
the plant is not too large and the plant manager can manage more than one plant on 
an estate. 

41 DANIDA. Project proposal: Sisal gas. 
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7 .1.4 System control 

To control the proper operation of the biogas plant, a number of measurements have 
to be executed frequently (see table 7.2). 

Table 7.2 System control 

I 

I 
a 

Measurement Frequency 

UCB CSTR UASB 

PH gatbering tank Daily Daily Daily 

PH digester( s) Daily Daily Daily 

Temperature Daily Continuously Continuously 
digester( s) 

Gasproduction Continuously Continuously Continuously 

Gascomposition Weekly Weekly Weekly 

C/N ratio Weekly Weekly Weekly 

Solid measurementsa Weekly Weekly Weekly 

Additional 

COD removal I Weekly 
11 

Weekly I Weekly 

The Total solids and Volatile solids removal, so two samples have tobetaken 
(fresh waste and digested waste). 

I 

The influence of the pH on the digestion process bas been explained insection 5.4.2, 
therefore it is necessary to measure the pH of the waste in the digesters and in the 
gatbering tank daily. If the pH in the digester is going down then it could be 
corrected by adding some lime to the waste in the gatbering tank to raise the pH to 
the right value. On the other hand if the pH is rising above 8, it is difficult to correct 
but one possible solution is adding a lot of fresh waste (pH about 5) in a short time. 
The influence of temperature bas been explained in 5.4.1 and especially for the 
operation of the CSTR and UASB the temperature bas to be watched continuously to 
correct changes as fast as possible. · 
The total solids and volatile solids removal reflect the efficiency of the biogas process. 
It is not a critica) parameter but it is important in the overall evaluation of the 
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process performance and should be measured on a weekly basis. Another parameter 
which reflects the process efficiency is the C/N ratio which should also be measured 
weekly. 
The biogas plant will be equipped with a flow meter for continuons measurement of 
the gas production and the gas composition will be measured weekly with a gas 
chromatograph. 
Two additional measurements which reflect the environmental benefits of a biogas 
plant are the BOD and COD removal. These two measurements are not essential for 
the operation of the biogas plant, but would be interesting when the environmental 
benefits are assessed. 

7.2 Economy 

In this section, the investment costs42 for each digester system are given. These are 
calculated on the basis of existing information and on personal communication. 
The investment costs for the UCB system (table 7.3) are procured from CAMARTEC 
and from companies in Tanga town ( civil works and certain items of the plant 
machinery like pipes, couplings, etc.). 
The costs for the CSTR system (table 7.4) are mainly taken from the UNPD43 and are 
also based on communication with Carl Bro and MWEM. 
The costs for the UASB system (see table 7.5) are taken from various reports44

• In 
these costs, the pre-production costs are not included, because these costs depend on 
the total invesmtent costs (digester system and biogas applications). The pre
production and opera ti on costs will be given in part IV ( chapter 13) when the 
financial feasibility is assessed. 

42 The contingencies are set on 5 % of the total investment cost. 

43 UNDP. Takagas. Energy from waste in Tanzania. 

44 Danida. Project proposal: sisal gas. 
Bras-Klapwijk, Remke. The UASB reactor in Thailand. 
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Table 7.3 Investments for UCB 
(in thousand US$) 

Item Local 

Site preparation 0 

Civil works 80 

Plant machinery 70 

Auxiliary equipment 0 

Contingencies 7.5 

Total 157.5 

Table 7.4 Investments for CSTR 
(in thousand US$) 

Item Loc al 

Site preparation 0 

Civil works 215 

Plant machinery 175 

Auxiliary equipment 0 

Contingen ei es 19.5 

Total 409.5 

Foreign 

0 

0 

10 

5 

0.8 

15.8 

Foreign 

0 

0 

40 

15 

2.8 

57.8 

83 

Total 

0 

80 

80 

5 

8.3 

173.3 

Total 

0 

215 

215 

15 

22.3 

467.3 
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Table 7.5 lnvestments for UASB 
(in tbousand US$) 

I Item I Local 

Site preparation 0 

Civil works 65 

Plant macbinery 60 

Auxiliary equipment 0 

Contingencies 6.3 

Total 131.3 

7.3 Appropriateness 

I Foreign 

0 

550 

100 

50 

35 

735 

I Total I 
0 

615 

160 

50 

41.3 

866.3 

The tbree systems wbicb were described above are all suitable for tbe biogas 
production from sisal waste. To determine wbicb systems fits tbe best in tbe situation 
of tbe sisal industry in Tanzania, an assessment of tbe appropriateness bas to be 
made. Before tbis assessment can be made, a definition of appropriate tecbnology and 
tbe factors wbicb determine tbe appropriateness bas to be given. 

7 .3.1 Appropriate technology 

Before a description of tbe term appropriate tecbnology can be given, a definition of 
tecbnology is necessary45

: 

The total of pbysical facilities (tecbnoware ), buman abilities (bumanware ), 
documented facts ( infoware) and organizational framework ( orgaware ). 

The four components mentioned in tbe above definition are complementary to one 
anotber and are required simultaneously for tbe production of goods and services. 
Sucb production can never take place in tbe complete absence of any of tbe four 
components. Of course depending on tbe nature of tbe production activity, tbe 

45 Tilburg, drs. P.T. van and prof. dr. G.J.L. Bertbolet. Technology for developing 
countries. Page 3-4. 
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relative importance of each of the four components may differ. 
Technology however does not operate in a vacuum. It takes place within an 
'operational' environment which may be called the technology elimate which is 
defined46 as the national setting in which technology-based activities are carried out. 
This national setting, which includes physical facilities and infrastructure, support 
facilities, R&D institutions, politica! system and the social structure, plays an 
important role in the appropriateness assessment. 

The concept of 'appropriate technology' was first synthesized by E.F. Schumacher and 
bas been taken up by plenty of organizations. In addition to the diversity of ideas 
associated with appropriate technology and the diversity of related terms, there bas 
also been a variety of definitions of the term itself. There bas been considerable 
discussion of the definitional problems involved, and two approaches have emerged47

: 

these may be labelled bere as the general-principles approach and the specific 
characteristics approach. The general-principles approach uses a general definition of 
appropriate technology which is based on the meaning of the word appropriate. The 
specific characteristics approach uses a definition which is based on specific 
charateristics (like for example labour-intensive and low cost) of appropriate 
technology. 
The general-principles approach bas the advantage that it abides by the normal 
conventions of language by keeping to the commonly accepted meaning of words. The 
word appropriate, when used as an adjective, conventionally means that something (in 
this case technology) is specially fitting, suitable, proper or applicable for or to some 
special purpose or use. Used in this way, the adjective places emphasis on technology 
as a means to certain ends and on the importance of articulating the ends in each 
case. The general-principles approach contains no specific and tangible content, it 
emphasizes the universa! importance of examining the appropriateness of technology 
in each set of circumstances. When the content of technology is made specific, the 
specific characteristics approach emerges. The advantage of the last approach is its 
immediate practical use because it contains various 'signpost' for planning and 
decision making. However the disadvantage is that certain characteristics become 
something of a symbol and it is important to link the characteristics to specific 
circumstances. For example smali-scale and low cost technology (as proposed by 
Schumacher in bis hook 'Small is beautiful') are linked to the circumstances in mostly 
developing countries and not to the circumstances in developed countries. In this 
report, the following general definition is used48

: 

46 

47 

48 

Tilburg, drs. P.T. van and prof. dr. G.J.L. Bertholet. Technology for tieveloping 
countries. Page 70. 

Willoughby, Kelvin W. Technology choice. A critique of the appropriate technology 
movement. Page 15-24. 

Tilburg, drs. P.T. van and prof. dr. G.J.L. Bertholet. Technology for developing 
countries. Page 85-86. 
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Technology which causes effects in correspondence with the motives for which 
the technology bas been brought into action. 

The motives mentioned in the definition are very broad, they do not only inlcude the 
motives of the enterpreneur but also the national motives/objectives. In genera}, the 
technology should correspond to the social and economical objectives of the area 
concemed. It therefore should strengthen the economy and fit into the structure and 
culture of the country where the technology will be applied. 
This general definition is made specific by using several factors and criteria49 which 
determine the appropriateness of technology (instead of using characteristics of 
appropriate technology). 

1 National setting. 

a Level of development and industrialization. 
b Cultural pattems. 
c Social and economie objectives. 
d Physical infrastructure. 
e Structure of the sisal industry. 
f Size of the market 
g Availability of technological capacity (storage of knowledge within a 

country both quantitative and qualitative ). 

2 Production process. 

49 

a Availability of power and energy intensiveness. 
b Availability of Iabour and Iabour intensiveness. 
c Availability and use of raw materials. 
d Productivity. 
e Cost intensiveness. 
f Financlal feasibility. 
g Durability. 
h Leamability. 
1 Required technological capacity. 
J Waste recycling. 
k Leadership requirement. 

Chungu, A.S. An integrated model to assess technological alternatives in rural areas 
of Tanzania. Page 12-14. 
Tilburg, drs. P.T. van and prof. dr. G.J.L. Bertholet. Technology for developing 
countries. Page 85-86. 
Communication with people from CEEST, MWEM and Biogas and Solar 
Company. 
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3 Effects of the technology. 

a Effects on employment. 
b Ecological stability. 
c Geographic orientation. 
d Income dispanty reduction. 
e Contribution to the national economy. 
f Contribution to technological capacity (increase in level of self-

reliance50). 
g Sectoral effectiveness. 
h Population stabilization. 
1 Sociocultural stabilization. 

In the next section, these factors and criteria will be worked out and used to assess 
the appropriateness of the three biogas installations described in this chapter, which 
will result in one system which will be the most appropriate. The criteria 2f and 3e 
will not be taken into account in this section although they are very important and 
will be decisive in the final assessment, but they will be discussed in part IV when the 
financial and economical feasibility of the systems are described. 

7 .3.2. Appropriateness assessment 

1 National setting 

Before the assessment can be made, the nation al setting (criteria la to lg) have to be 
described, after that, the production processes and their effects can be assessed. 
As already described in chapter 3, the economy of Tanzania relies mainly on 
agriculture and the national income (GDP) is among the lowest in the world. The 
main objective51 of the government is to increase the GDP, increase both food and 
cash crops production, increase and improve the production of goods and services and 
safeguard the past gains through strengthening of social and economie services. These 
objectives could be strengthened by the biogas installations because it would improve 
the production of energy and would help the sisal industry (which produces a cash 
erop) to survive. 
The main objective concerning the energy sector is the development and use of 
indigenous energy sourees and efficient utilization of energy. This main objective has 
been worked out in several other objectives. One of these is to develop and utilize 
forest and agricultural residues for cooking and energy production. The proposed 
biogas instanation would fit perfectly in this objective. 
The physical infrastructure of interest for this research is the electricity grid to which 
all the estates (involved in this research) are connected and would give them the 
opportunity to export electricity to the national grid. The other parts of the physical 

50 

51 

See appendix 1. The definition is taken from van Tilburg, page 72. 

MWEM. The energy policy of Tanzania. Page 1-6. 



88 Part 11. Biogas production 

infrastructure are of lower importance but the estates are located in the proximity of 
a good asphalt road or a rail. 
An important criteria in the national setting is the available technological capacity in 
the field of biogas and biogas applications. This capacity could be divided into several 
categones like theoretica} knowledge on anaerobic digestion, experience in the 
construction of biogas plants and experience in operating a biogas installation. 
Although Tanzania bas one of the highest densities of biogas plants in Africa, they 
are mainly smali-scale and they use cow manure as input. To date, large-scale biogas 
plants of the size and types described above have not been established in Tanzania or 
any other African country, with the exception of South Africa52

• 

The present technological capacity on biogas installations and biogas applications bas 
not been assessed thoroughly, so only some general comments conceming this criteria 
can be made. 
The available capacity is mainly been build up by foreign companies like GTZ who 
supported CAMARTEC and the UNDP who is presently supporting the Microbiology 
Unit at the University of Dar es Salaam. The capacity available at CAMARTEC is 
limited to the construction and operation of small biogas plants and to biogas 
applications (bumers and lamps). The capacity available at the Microbiology Unit is 
more in the field of theoretica} knowledge on anaerobic digestion and some 
experience in the operation of laboratory UASB reactors. They could also help with 
the training of manpower, especially in the field of theoretica} knowledge on 
anaerobic digestion. Besides these, there is also technological capacity available at 
Carl Bro in Dar es Salaam, who is imptementing the Takagas project. Their capacity 
is mainly in the field of construction of biogas plants and experience in the operation 
of biogas plants. 
The available capacity on biogas plants is not only limited to the three institutions 
mentioned above. There are several other companies in Tanzania who can help with 
the design and construction of biogas tanks (concrete or brickwork). 
In general, it can be stated that the available capacity on biogas plants is limited to 
the UCB system (at CAMARTEC) and that the capacity on the CSTR system is 
presently being build at the Microbiology Unit, through the Takagas project. 
However, since the CSTR system does not differ very much from the UCB system 
( circular closed concrete tanks instead of rectangular tanks made from bricks and 
sealed with tloating covers, and opera ti on at a higher temperature ), available capacity 
on the UCB system could also be used for the CSTR system and the other way 
around. 
The knowledge on the UASB system is limited tosome laboratory installations at the 
Microbiology Unit. When the UASB system is chosen foreign knowledge and 
experience bas to be imported, but this is not in line with the policy of the Tanzanian 
govemment which is aimed a rednetion of technological dependency and making 
Tanzania self reliant and self sufficient in energy technologies (see also 8.3.2). Based 
on these observations the choice should be between the UCB and the CSTR system. 

52 UNDP. Takagas. Energy from waste in Tanzania. Page 24-25. 
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2 Production process 

The three systems need no energy from outside the system, they are all energy 
producers instead of energy consumers. The raw matenals necessary for the operation 
of the systems, which have to procured from outside theestate are low. 
The differences between the systems are in the field of Iabour requirements, 
investment costs and the required technological capacity and the leamability (which is 
related to the required technological capacity). The other criteria (productivity, 
durability, waste recycling and leadership requirement) give no substantial differences 
between the three systems. 

The differences in the quantity of Iabour necessary for operation is not very 
important, but it can be stated that the UASB has the largest (in quanitity and 
quality) Iabour requirements and the UCB the lowest. 
When the investment costs are taken (see section 7.2), than the UCB should be 
ranked first and the UASB last. The UASB also requires the largest technological 
capacity which is not available in Tanzania right now so this system should not be 
chosen. Besides that, it is still questionable if the sisal waste ( from dry-decortkation) 
can be treated properly in a UASB reactor. The knowledge on the other two systems 
is available and the advantage of the CSTR is that there are several systems operating 
worldwide right now (especially in Denmark and other northem European countries) 
and that there is a lot of experience in operating this system, which is not the case 
with the UCB system, because no operating instanation of the proposed size is 
known. The only available UCB system is the pilot plant at Muheza Mkumbi estate, 
but the reliability of this system could not be proved during my stay in Tanzania. 
Besides that, the CSTR has proven to be reliable, which is questionable with the UCB 
system. Besides that, this system has the advantage that there have been extensive 
laboratory investigations (in Denmark) on the treatment of sisal waste with this 
system. Another advantage of the CSTR is its circular shape. Circular digesters 
proved to be better mainly because the mixing and so the contact between fresh and 
digested waste are better. Besides that, a rectangular digesters has the disadvantage 
that a certain amount of waste will not take part in the process since it will remain in 
the corners of the digester. 
Based on these obseiVations, the CSTR should be preferred. 

3 Effects of the technology 

Until now, only the first two categoties of criteria have been used, but it is also 
important to assess the possible effects of the technology (criteria 3a - 3i). However, 
the criteria on population and sociocultural stabilization (3h and 3i) are not assessed 
because it was difficult to work them out with the available information. 
The direct effects of the biogas plants on the employment are not substantial, but it 
can be stated that the effects of not building a biogas plant can be disastrous because 
it could lead to the closing of several estates, because of their polluting effect on the 
environment which will have quite some negative impact on the employment in the 
sisal growing regions. The biogas plant will also increase the ecological stability 
because the pollution of rivers by sisal waste and the contribution to the greenhouse 
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effect will decrease. Another effect of the biogas plant is its sectoral effectiveness 
since the plant will support the supply of electricity in the sisal growing regions which 
is important for all the industry in those regions especially when the present rationing 
is taken into account. The geographic orientation of the technology is linked to the 
geographic orientation of the sisal estates which are mainly situated in rural areas. 
An important effect of the technology is its use and contribution to the available 
technological capacity. Since there is not much capacity available on the UASB, no 
use or contribution can be made. The available capacity on the other two systems is 
almost equal. Based on the use of and the contribution to the available technological 
capacity, it is difficult to choose for one of the two systems. Although it is difficult, 
the CSTR system should have a little preferenee because the available technological 
capacity on this system is less than on the UCB system and therefore the use of the 
CSTR system would increase and support the building up of indigenous technological 
capacity on this system. 

Based on the observations above, the CSTR system should be preferred. 
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8 Introduetion 

8.1 Biogas properties 

The gas produced with biodigesters is called biogas and consists of 60-70% methane 
and 30-40 % carbon dioxide and often a small amount of hydrogen sulphide. The gas 
is a high grade energy souree with properties which are comparable with other gases 
(see table 8.1). 

Table 8.1 Gas properties 

Gas kWh/m3 Density Combustion Air requirements 
(air=1) speed(cm/s) m3/m3 

Methane 9.94 0.554 43 9.5 

Propane 25.96 1.560 57 23.8 

Butane 34.02 2.077 45 30.9 

Natoral gas 7.52 0.384 60 7 

Town gas 4.07 0.411 82 3.7 

Biogas 5.96 0.940 40 5.7 
,)ource: ~asse, LudWig. 1 wgas plants: J.Jeszgn ana aetaus of szmple tJwgas plants. 

When we compare biogas with conventional energy sourees (see table 8.2), which are 
used in Tanzania, it is clear that for most applications of cow dung, wood, charcoal, 
hard coal and electricity ( although the last one is not a primary energy souree ), biogas 
is a suitable substitution. This is especially true for wood and charcoal which are the 
most widely used in Tanzania. 

Table 8.2 Biogas compared with other energy sourees 

Fuel Unit kWh/u Application Efficiency u/m3 
(%) biogas 

Cow dung kg 2.5 Cooking 12 11.11 

Wood kg 5.0 Cooking 12 5.56 

Charcoal kg 8.0 Cooking 25 1.64 

Hard coal kg 9.0 Cooking 25 1.45 
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Diesel kg 12.0 Cooking 50 0.55 

Engine 30 0.36 

Electricity kWh 1 Cooking 67 5.00 

Light 9 2.00 

Motor 80 1.79 

Biogas m3 5.96 Cooking 55 1 

Ught 3 1 

Engine 24 1 
,)ource: ~asse, LudWig. Bwgas p ants: Deszgn and details of szmple bwgas ptants. 

8.2 Possible applications 

The use of biogas from any given plant will first depend on the energy need of the 
plant itself. The part of biogas which is not used for the plant can he utilized, but 
before utilization the gas bas to he cleaned. This means that certainly the water 
vapour and sometimes also the hydrogen sulphide have to be removed in order to 
prevent oorrosion of gas appliances. The water vapour should he removed directly 
after the gas oornes from the digester, with the help of a condensate trap. The 
removal of the hydrogen sulphide depends on the application. If the gas is applied for 
dornestic use, it is not really necessary, but when it is used to run an engine, it is 
better to remove it since it will have a negative impact on the engine. 
In general two categones of utilization can he distinguished. 

1 Direct use of the biogas. 

2 Conversion into mechanica} or electrical energy. 

In this research three types of biogas utilization will he considered. 

1 Electricity generation to cover the electricity needs of tbe estate ( chapter 9). 

2 Direct delivery of biogas to the houses on the estate ( chapter 10). 

3 Bottling of the biogas or the methane (by extraction of the methane from the 
biogas) for use in tractors and for use in urban areas (chapter 11). 
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8.3 Energy in Tanzania 

8.3.1 Energy supply and use 

Energy is a prerequisite for the proper functioning of nearly all sub-sectors of the 
economy. To give an idea of the role biogas or electricity produced from biogas can 
play in the energy supply in Tanzania, a short overview of the available resources and 
main consomers is necessary. 
The major energy sourees used in Tanzania (see table 8.3) are: biomass, petroleum 
and petroleum products, coal, natura} gas and electricity ( although this is a converted 
type of energy). 

Table 8.3 

I Type 

Biomass 

Petroleum 

Co al 

Nat. gas 

Electricity 

Total 
)Ou ree 

Energy sourees in Tanzania 
(million TOE) 

I 1986 I 1988 

14.56 15.56 

0.81 0.90 

0.02 0.02 

0.00 0.00 

0.08 0.09 

15.47 16.57 

I 1991 I 1996 I 2005 

17.05 19.51 22.21 

1.07 1.32 1.65 

0.02 0.03 0.24 

0.00 0.58 0.59 

0.11 0.14 0.19 

18.25 21.58 24.88 

Uanida. Jntematzonat conference on meazum ana large scale bzogas plants 
in developing countries. 

I 

Trees are the main souree of biomass-based fuels. The other biomass resources 
consist of agricultural and forest residues and animal wastes. The total biomass 
resources in Tanzania for 1990 were estimated to beover 31 million TOE53

• This 
resource accounts for over 93 % of the final energy consumption in 1991, and this will 
remain so in the forseeable future. The main consomers of biomass are the 
households, who consume 88 % foliowed by the industry with 8 %. 
The transport sector accounts for about 51 % of the petroleum used, 26 % by the 
industry and 10% by the households. 
The consumption of electricity is low compared to other developing countries. The 
per capita consumption was 46 kWh in 1988, which is only 10 % of the average for all 
developing countries and 1 % of the average for industrialized countries. The people 

53 MWEM. The energy policy of Tanzania. Page 6-7. 
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who have access to electricity constitute only 5 % of the entire population54 (the 
electricity supply shall be elaborated further in chapter 9). 

8.3.2 Policy objectives 

95 

The global policy objective of energy development is to provide an input into the 
development process of the country through the establishment of an efficient energy 
production, procurement, transportation, distribution, and end-use system in an 
environmentally sound manner and with due regard to gender issues. 
This overall policy bas been translated into several goals and strategies. One of the 
goals is to develop new and renewable energy technologies to ensure efficient 
utilization or substitution of fuelwood and cbarcoal and where possible petroleum 
products. Also biogas technology is anitem in the energy policy. The households and 
institutions with adequate organic feed material are urged to use biogas as fuel for 
cooking, lighting, remgeration and powering stationary engines where it is considered 
socio-economically viable55

• Efforts will be made to lower the high prices of biogas 
units and applications and the strengthening of biogas promotion institutions. 
Critica! factors in the efforts to reach the objectives and satisfy energy demand by 
developing, procuring and utilizing available energy resources (in this case biogas) 
are56

: technology (A), pricing (B) and preseiVation of the environment (C). 

A Technology 

Conceming the technology, the govemment aims at making Tanzania self-reliant and 
self-sufficient in energy technologies. The energy technologies can be divided into 
three groups each group with its own policy objective: 

1 

2 

54 

55 

56 

Energy end-use technologies which embrace electric motors, cookstoves, 
fumaces, refrigerators etc. The objective is to expand and diversify present 
local manufacturing of end-use devices and to carry out research and 
development on the local production of more energy efficient end-use devices. 

Transformation technologies which involve electricity generation, charcoal 
production, biomass gasification, biogas production etc. The objective is to 
initiate local manufacture of parts and components, to build up indigenous 
capabilities for the local design and construction of transformation 
technologies. 

MWEM. The energy policy of Tanzania. Page 5. 

MWEM. The energy policy of Tanzania. Page 15-16. 

MWEM. The energy policy of Tanzania. Page 17-29. 
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3 Transmission technologies which include electricity transmission and 
distribution networks and distribution networks for petroleum products, 
fuelwood and charcoal. The objective is to build up Iocai capacity for the 
manufacture of parts and components of transmission equipment and 
improving the ( energy) efficiency of the present transmission system. 

B Pricing 

Energy pricing is an important aspect of any energy policy and it is also an effective 
tooi for the impiementation of this policy. An important aspect is that the energy bas 
to be delivered at the point of end-use and made availabie at a oost that is affordabie 
for the potentiai consumers. The pricing can aiso he used by the govemment or other 
institutions as a tooi for consetvation, environmentai proteetion and encouraging 
exploitation and use of indigenous resources. 

C Preservation of the environment 

The reiationship between man and the environment in which he lives is one of 
interdependence. Destructive activities of man destroy the baiance in the ecosystem 
and threaten the vital functions like production (offering renewable and non
renewable resources to people which they convert into food, energy and material 
supplies) and regulation (the capacity to absorb waste products) of it. For example, 
the emission of greenhouse gases lead to global warming and the enormons use of 
wood and charcoal in Tanzania lays a heavy burden on the available forests. 
New energy technologies ( transforma ti on, transmission and end-use) shouid he 
environmentally friendly to secure a decent environment for the future. 
Another aspect which bas to he considered is the linkage between energy and the 
health of the end users. The use of coal, charcoal and wood fuels can he risky for the 
health of the users. 
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9 Electricity generation 

Biogas is a 'high grade' fuel, because it bums at a fairly high temperature and it bas a 
high octane (resistance to knocking) rating which makes it a suitable fuel for an 
intemal oombustion engine and thus for the production of electricity when the engine 
is coupled with a generator. A conversion rate of 1.7 kWh/m3 (an efficiency of about 
30 %) can be achieved57

• 

The electricity costs on the estate form a big part of the direct costs in the production 
of sisal fibre, it should therefore be a big saving for the estate when the electricity 
costs can be reduced by using the biogas for electricity production. This would also 
solve another big problem faced by all the estates, namely the erratic power supply 
caused by low water levels in some major hydro-power installations. Due to this fact, 
the production is hindered and most of the estates have no power supply for 3-4 days 
a week. To assess the 'feasibility' of this option, two issues have to be dealt with. 

1 The balance of power requirement and gas production rate(see 9.1). 

2 The choice of engine (see 9.2). 

9.1 Power requirements 

The power requirements on the estate are determined by the operational machinery 
and their individual energy use (see table 9.1). 

Table 9.1 Electricity consumption on the estate 

Machine kW hrs/ ton/ kWh/ kWh/ 
shift8 shift day ton 

Decorticator 110 8-9 5 950 190 

Brushingb 5.5 7-8 0.8 40 50 

Baling 12 8-9 9 108 12 

Pumpsc 10-15 10 125 25 

Offices/housesd 125 25 

Total 1350e 300e 

a Running hours of the machine during one shift. 

51 UNDP. Takagas. Energy from waste in Tanzania. 
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b Six broshing machines are necessary for the broshing of the ouput of one 
decorticator. 

c Depends on the water supply used on the estate. 
d Estimation. 
e Rounded values. 
Source: Loek, G.W. Sisal. Twenty-five years' sisal research. 

Engineers of operations department 

From table 9.1, it can be calculated that the average electricity consumption for the 
production of 5 tonsof dry line fibre (the output of one decorticator), basedon dry
decortication (pumps not included) is 1,375 kWh. 
This figure is theoretica}, based on the given specifications of the machinery and the 
machinery use according to the literature. To get a picture of the present use of the 
machinery, a small survey was conducted. The questionairre in appendix 5 was sent to 
all the 21 TSA estates at the end of june, to get the figures on the machinery use in 
july. In this survey the use of the pumps was not included since the power 
consumption of the pumps for dry-decortication (the estate could do with smaller 
pumps than mentioned in table 9.1) will be negligible compared to the total power 
consumption. The response was 67 %. The general results of this survey are given in 
the table 9.2 (for the results per estate see appendix 5): 

Table 9.2 Results of the survey on machinery use 

a 

b 

Machinery type kW 

Decorticator 110 

Broshing 5.5 

Baling 12 

Total time for one shift58
• 

Standard deviation. 

tons/shift 

avg 

3.7 

0.9 

4.2 

hrs/shifta 

stdb avg std 

1.15 11.4 2.38 

0.22 6.7 1.55 

1.51 6.1 1.19 

The figures from table 9.2 show that the actual electricity use per ton of fibre (350 
kWh including 25 kWh for offices and houses) is much higher than in table 9.1. This 
is caused by inefficient use of the machines and the lower productivity of the 
machines. In the following, the figure of 350 kWh per ton of fibre will be used (see 
also appendix 6). 
The main power requirements will be during the production hours when all the 

58 Especially duringa decorticator shift, some time is lost with leaves which do notenter the machine 
properly, so the machine bas to be stopped and the leaves have to be removed. Because of this and 
some other small failures (like lack of supply), 2 to 3 hours are 'lost'. During this time, the machine 
is not running and does not use any electricity. 
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machines are running. This is normally between 7.00 and 17.00 hours with an average 
of 155 kW per hour. This means that about 90m3/hof biogas is needed to supply this 
demand. When the biogas instaBation is running at full capacity, this demand can be 
supplied right away since the biogas production will be a bout 175 m3 /h. When a 
production figure of 5 tons of fibre per day and an electricity consumption of 1, 750 
kWh per day are taken, the biogas requirements will be about 1,000 m3/day. Given a 
biogas production of 4,240 m3/day (see appendix 7), this means that 3,240 m3/day has 
to be stored or used right away. However, the need for a gas storage can be reduced 
by converting all the biogas into electricity and sell the excess (about 5,500 kWh/day) 
to the grid. In this case you could even do without a gas-storage although this can 
give problems when the generator is out of order. In this case a gas storage of 1,500 
m3 will be used. 

9.2 Choice of engine 

For the conversion of biogas into electricity, four types of engines can be 
distinguished. 

1 Steam turbines using a boiler to produce steam. 
2 Gas turbine. 
3 Diesel or dual fuel engine. 
4 Otto or spark ignition engine. 

Of these four only the last two are feasible options because the first one is too large 
and expensive and the second one has a lower thermal efficiency than the Diesel and 
Otto engines59

• 

The two engine types: the 'Otto' (the petrol or gasoline) engine and the 'Diesel' 
engine each have the following four-stroke cycle. 

1 Suction piston moves down the cylinder (inlet valve open). 
2 Campression piston moves up the cylinder (both valves closed). 
3 Power piston is driven down the cylinder (both valves closed). 
4 Exhaust piston moves up the cylinder (exhaust valve open). 

In the Diesel engine, the charge drawn in is air, and this is compressed during the 
compression stroke. The compression ratio is high (between 14:1 and 22:1) and the 
temperature reaches about 550 C. At the end of the compression cycle, liquid fuel 
(diesel) is injected at high pressure and ignites at the high temperature. 
In the Otto engine, the charge drawn in is fuel vapour and air in an approximately 
stoichiometrie ratio and this ratio is maintained constant by means of the carburettor. 
The compression ratio is always less than about 10:1, keeping the mixture 
temperature below about 400 C. The fuel is ignited by means of a high voltage spark. 

59 Science, Education and Technology Division. Landfill gas for power generation. 
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Before running on biogas, both engines will require modifications60 to the valves and 
valve seats, because there is no lubricating property in the biogas. These components 
have to be constructed from another material which is more resistant to wear than 
normal. The biogas bas to be introduced to both engines by means of a carburettor. 
The Otto engine requires very little additional modifications for use with biogas. The 
only significant change is in the carburettor which must be designed to mix gas and 
air in stoichiometrie proportions instead of mixing liquid gasoline and air. The 
compression rate can be unchanged because the octane number compares well with 
gasoline. 
The Diesel engine is more complex to operate on biogas, it needs several major 
modifications: lower compression ratios than conventional diesels, provision of extra 
cooling to injectors, fitting of gas carburettor, valve modifications. The main problem 
is that if the biogas is mixed with air in stoichiometrie ratio, it would ignite 
spontaneously during the compression stroke. This willlead to a very uneven running 
and overheating. The gas must therefore be admitted to the engine at high air:fuel 
ratios (>30:1 by mass). The exact ratio however bas to be set for each particular 
engine. The major features of both engines are summarized in table 9.3: 

Table 9.3 Charaderistics of spark and compression ignition engines 

Spark ignition ('Otto' engine ). Compression ignition ('Diesel' engine ). 

Can be cheap if based on automotive Often used on larger systems. 
en gin es. 

Efficiency of about 25 % at full load, Efficiency of 30-35 % through the load 
falling off rapidly at part load. range. 

Canoperateon 100% biogas. Requires a minimum of 7 % of total 
fuel to be supplied as diesel oil. 

Fuel can be replaced by gasoline or Can operate on different ratios of 
propane, if an additional carburettor is biogas/diesel oil (93:7 to 0:100). 
fitted. 

No danger of knocking provided that 
compression ratio < 10:1. 

No engine modification required, other Several major modifications are 
than gas carburettor and hardened necessary, e.g. lower compression 
valves and valve-seats. ratios than conventional diesel 

engines, provision of extra cooling to 
injectors, fitting of gas carburettor. 

)Ource: tluvet, K., M.J . .l'ox, V.J. J:"IC en. J:Jwmethane, roauctwn ana uses. p 

60 Buvet, R., M.J. Fox and D.J. Pieken. Biomethane, production and uses. Page 192-
197. 
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Besides the two engines mentioned above, there is another engine6
\ which is widely 

used by the major manufacturers of gas engines for biogas and natura! gas. This 
engine is a diesel engine which is adapted to work on an Otto cycle, by replacing the 
diesel injector by a spark plug. The advantages of this option are: high compression 
ratio, good efficiency and heavy construction. The problem is that this conversion is 
quite complicated and requires good engineering skilis and that the engine can only 
run on biogas and not on other fuels. 
There are engines of this type available in a lot of different sizes. For example, the 
German company Deutz MWM, who can supply engines ranging from 20 kW to 3,000 
kW (see table 9.4). Most of the larger (> 100 kW) available engines mentioned in 
table 9.4 are water-cooled, which gives the opportunity of pumping the hot cooling 
water from the engine to a heat exchanger in the digester to achieve a higher 
temperature. In this case a by-pass valve and additional water cooler must be 
provided to allow both the engine and biogas plant temperatures to be set correctly. 

Table 9.4 Biogas engines/generators 

Engine/ Gasconsumption Electtic cap. kW/m3 Thermal cap. 
generator (m3/h) (kW) (kW) 
set 

1 10 18 1.80 35 

2 13 24 1.85 46 

3 18 35 1.94 57 

4 32 58 1.81 103 

5 48 90 1.88 140 

6 65 118 1.82 206 

7 82 150 1.83 290 

8 90 161 1.79 312 

9 140 242 1.73 460 

Average 1.82 
ource: .hlectrowatt .hngmeenng ~eMces. Aleoho proauctwn Jrom siSal waste. 

61 Fulford, David. Running a biogas programme: A handbook. Page 68-75. 
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For the choice of the engine, the following factors are important. 

The amount and quality of the biogas available for fuelling the engine. 
The balance of mechanical/electrical output against heating needs of the biogas 
installation. 
Operating period of the engine. 
Period of power requirements. 
Biogas or dual-fuel engine. 
Contribution of the engine to the total investment costs. 

These factors shall be taken into account when the appropriateness of this application 
is assessed in 9.4. 

9.3 Necessary equipment and economy 

To convert the biogas into electricity, the following equipment is necessary: 

a Gas engine + generator (450 kW) 
b Tranformer 380V/llkV for the conneetion with the grid 
c Synchronizer 
d Cables 
e H2S remover 

The investment costs for this application are summarized in table 9.5 and are 
procured from CAMARTEC and UNDP62

• The pre-production and operation costs 
will be given in part IV ( chapter 13) when the financial feasibility is assessed. 

Table 9.5 Investments for electricity generation 
(in thousand US$) 

I Item I Loc al I Foreign 

Gas engine + generator 0 200 

Tranformator 0 75 

Synchronizer 0 25 

Other 25 0 

Contingen ei es 1 15 

Total 26 315 

62 UNDP. Takagas. Energy from waste in Tanzania. 

I Total 

200 

75 

25 

25 

16 

341 

I 
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The revenues which can be generated with this application consist of savings on 
electricity on the estate and sales of excess electricity. The savings are 2.42 million 
TSh/month (see appendix 6). The possible sales revenues depend on the price per 
kWh. The 1986 World Bank Power Rehabilitation Project calculated the economie 
costs of electricity at 0.13 US$/kWh63

, but this price is projected at 0.09 US$/kWh for 
the next years. 
lf a price of 0.10 US$/kWh (53 TSh!kWh) is taken, then the revenues will be 111.6 
million TSh (see table 9.6). 

Table 9.6 Revenues of electricity generation 

Item Amount!year Prieelunit Total(millio Total(* 
(kWh) n TSh) 1000 US$) 

Savingsa 525,000 30 57.2 

Sales 2,105,920 53.00 111.6 212.6 

Total 2,630,920 141.6 269.8 

a See also appendix 7 for an exact calculation. 

9.4 Appropriateness 

lt would be very recommendable to use this application especially when the present 
electricity rationing is taken into consideration. It would enable the estate to reduce 
its dependency on the T ANESCO grid. Also the sales to the grid could be a solution 
for the electricity scarcity in certain sisal growing areas. The quality of the biogas is 
sufficient to use in a biogas engine, although the water vapour bas to be removed. 
The engine should be operated at full load during a period of about 16 hours. A 
biogas engine should be preferred because the diesel requirements of 7 % willlay an 
extra burden on the accounts of the estates and the performance of a biogas engine 
does not differ much. 
Although the contribution to the total investment costs is substantial, the revenues 
will be sufficient to cover the initial investment. Another important advantage is that 
the technology involved is not very complicated and the knowledge is already 
available in the country at TANESCO. 

63 UNDP. Takagas. Energy from waste in Tanzania. Page 87-88. 
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9.5 The power sector in Tanzania 

The electricity supply in Tanzania is the responsibility of TANESCO, which supplies 
93 % of the consumed power in the country. The other 7 % is self-generated by 
parastatals and private organizations. The TANESCO system consistsof 25 isolated 
load eentres (installed capacity 38 MW) and of an interconnected system (ICS) with 
an installed generating capacity of 450 MW (of which 329 MW is hydroelectric). The 
electrification rate is about 5 % but this figure is about 12 % in the urban areas. 
The electricity consumption is distributed as follows (see table 9.7): 

Table 9.7 Electricity consumption in Tanzania mainland (1987 and 1992) 
(in % of total) 

Consumers 1987 1992 

Dornestic 30.06 38.29 

Commercial 9.83 13.70 

Light industry 4.12 5.50 

In dustrial 13.22 9.68 

Agriculture 2.46 4.53 

Energy intensive 18.29 11.89 

Heavy commercial 15.61 11.41 

Public Lighting 0.79 0.97 

Maji (water) DSM 5.62 4.03 

Total 100 100 

I Total (million kWh) I 907 I 15503 

a Estimation, basedon the growth of 11 %per year in the period 1987-1991. 
Source: Bureau of Statistics. Statistica[ abstract 1992. 

Bureau of Statistics. Environment statistics in Tanzania mainland. 

The growth indemand bas been about 11 %per year in the period 1987-1991, but 
according to a detailed load forecast by Acres International in 198964

, this growth will 
slow down and stabilize at a rate of about 5.9 % for the period 1990 to 2010. 
According to Acre, the power supply throughout the nineties will be sufficient, when 

64 UNDP. Takagas. Energy from waste in Tanzania. Page 85-88. 

I 
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the growth will stay at about 5.9% per year. However, when the growth wiJl stay at 
about 10 to 11 % per year, than the situation will stay precarious throughout the 
nineties. These statements were made by Acre in 1988, but the situation in 1994 is 
already quite precarious. This is not caused by a small installed capacity ( the capacity 
should be sufficient), but it is caused by the fact that these capacities cannot be fully 
used because of the low level of the water in the major hydro-electric installations. 

To see what role electricity from biogas could play in the national or regional supply 
of electricity, it is necessary to know the electricity consumption (now and in the near 
future) in the regions where sisal is grown (see table 9.8). 

Table 9.8 Electricity consumption in sisal regions 
(in million kWh) 

Region 1985 1991 

Growth rate 

Arusha 56 97 

Kilimanjaro 40 83 

Tanga 69 129 

Morogoro 43 89 

Co ast 

Lindi 3 6 

Total sisal regions 211 404 

Total all regions 783 1,457 

2005 

5.9% 1 10.5% 

216 392 

185 336 

288 522 

199 360 

13 24 

901 1,635 

3,251 5,896 

Thts tigure was not avai1ab1e smce the consumption IS mcluded m the tigure of 
Dar es Salaam. 

Source: Bureau of Statistics. Statistica! abstract 1992. 
Bureau of Statistics. Environment statistics in Tanzania mainland. 

9.6 Biogas potential 

The · potential of electricity generated by biogas from sisal waste is substantial. Wh en a 
biogas production of 54.3 m3/ton waste (see appendix 7) is taken, the 15 TSA estates 
mentioned in 4.2 could have produced 12.38 million m3 in 1991, which could generate 
21.04 million kWh. This amount of electricity would have been equal to 9.7% of the 
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electricity demand in Tanga and Morogoro region65
• 

Given the fact that the TSA is projected to rise to about 50,000 tons in the year 2005, 
the contribution of electricity generated by biogas will be higher at that time than the 
percentage for 1991, which was mentioned above. When this production figure will be 
reached, a potential electricity generation of 87.69 million kWh (18.0 % of the 
expected electricity demand in Tanga and Morogoro region) will he possible. 
This figure is for the 15 TSA estates only. However, when all the sisal estates in 
Tanzania are taken, the figures get even brighter. In chapter three, the market 
prospects for fibre and fibre products for 1999 were set at 118,500 tons for Tanzania, 
which would give a potential electricity production of about 207.8 million kWh. This 
is equivalent to about 32.5 % of the expected electricity consumption in the sisal 
growing regionsin 1999 (see also table 9.9). 

Table 9.9 Potential substitution of biogas generated electricity 

Year Estates Fibre Electricity Substitution (%) 
production generation 
(tons) (million 

Tanga+ Sisal All kWh) 
Morogoro regions regions 

1991 TSA 12,000 21.04 9.7 5.2 1.4 

1991 All 36,000 63.14 15.6 4.3 

1999 TSA 29,700 52.09 15.1 8.2 2.3 

1999 All 118,500 207.84 32.5 9.0 

2005 TSA 50,000 87.69 18.0 9.7 2.7 

Besides sisal waste there are some other potential sourees for biogas. According to 
the UNDP66 the biogas potential in Tanzania is about 440 million kWh per year. 
Some potential sourees are municipal waste, agricultural residues at some agricultural 
eentres and coffee processing waste. The problem with some of these potential 
sourees is the collection of the materiaL On sisal estates the waste is gathered at a 
central point, but with municipal waste and agricultural residues this is not the case. 
Keeping this in mind, the real potential of biogas will be much lower than the figure 
given by the UNDP, because the feasibility of establishing biogas installations for 
municipal waste and other agricultural residues (like cowdung) is questionable. One 
of the sourees of biogas mentioned by the UNDP is the organic waste from two 

65 

66 

The electricity consumption of the estates is included in the potential substitution 
and in the electricity consumption of the regions. 

UNDP. Takagas. Energy from waste in Tanzania. Page 26. 
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coffee processing industries in Bukoba and one in Mbeya. The biogas potential of the 
two industries in Bukoba is about 6.4 million m3

• This is equivalent to 10.9 million 
kWh, which would be enough to cover the electricity demand in Kagera region. The 
potential of the industry in Mbeya is about 6.2 million m3

, which is equivalent to 10.5 
million kWh (almost 20% of the electricity demand in Mbeya region). Other 
potential sourees for biogas are the agricultural eentres like the one in Kibaha67

• The 
main activities on this eentre are livestock keeping, poultry farming and piggery and 
the collected waste, produeed with this activities could be used for biogas generation. 
The biogas potential at this eentre is 0.54 million m3 (equivalent to 0.9 million kWh). 
Some agricultural residues from crops like eereals, maize and cassave, could better be 
converted into briquettes which could be used as a substitution of charcoal and wood. 
How big this potential really is, and which regions have the best potentials is difficult 
to say without a thorough investigation. 

67 Sinee information on the other agricultural eentres is not available, the real 
potential cannot be assessed. 
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10 Biogas use on theestate 

10.1 General 

As already stated in chapter 8, biogas is a suitable energy souree for cooking and 
lighting. Compared to other energy sourees like charcoal and fuelwood, which are 
widely used in Tanzania, it is far more efficient. 
Also the permanent estate Iabour, which is living on the estate in Iabour camps, use 
biomass and in particular fuel wood for their energy requirements. The daily 
fuelwood requirements are gathered by the women on the estates. This is possible 
because several parts of the estate are still planted with sisal but these plants have not 
been hatvested for years and are overgrown with small trees. However, if the planned 
replanting campaign is executed the distances to the nearby fuelwood supplies will 
increase substantially and so will the time required to gather the daily supply of 
fuelwood. 
Biogas would be a good substitution of fuelwood ( and in a lesser degree charcoal) on 
the estates since it will be produced in the proximity of the Iabour camps. Most of the 
camps are in the neighbourhood of the factory, so the distances to the biogas 
installation will be relatively small. It will not be very difficult to lay some (galvanized 
steel) pipelines from the gas holder to the Iabour camps. An important parameter is 
the gas pressure, which will drop with the length of the pipe. The general formula for 
the pressure drop in a horizontal pipeis (see formula 10.1): 

ll.p= 4. I. p. v2
• L 

2.d 
(10.1) 

This formula can be rewritten into the following form (see formula 10.2): 

ll.p Pressure drop [Pa]; 
f Friction factor; 
p Density [kglm3

]; 

v Velocity (m/s); 
L Lengthof pipe [m]; 
Q Gas flow [m3/s]; 
d Diameter [m ]. 

(10.2) 

The friction factor (f) in the two formulas above depends on the Reynolds number of 
the gas flow and the relative roughness of the pipe (see formulas 10.3 and 10.4): 

Re= p.v.d 
71 

(10.3) 
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R=x 
d 

(10.4) 

Re Reynolds number; 
TJ Viscosity [Pa.s ]; 
R Relative roughness; 
x 0.15 [mm] for galvanized steel; 

The main parameters in the formulas are the gasflow and the pipe length. To get an 
indication of the necessary pipe length, the distances between the factory and the 
Iabour camps were determined from estate maps (see appendix 2). From those maps 
it became clear that the maximum distance from the factory to the farthest Iabour 
camp does not exceed 2 km. 
To get an idea of the maximum gas flow, the gas requirements fora normal 
household and the times when the gas will be used have to be determined. Gutterer 
and Sasse68 estimated the gas requirements for a household for cooking between 1.5 
and 2.5 m3/day, and fora lamp at 0.5 m3/day (for 3 hours). The total estimated biogas 
consumption will thus be between 2 and 3 m3/day. This figure depends on the family 
size, cooking/eating habits and the prosperity of the family. 
The consumption of the gas will normally take place in the morning from about 6.00 
to 8.00, during lunchtime (12.00 to 14.00) and during the evening (19.00 to 22.00). 
For the sake of simplicity, it can be stated that during each of these three periods 
about 0.8 m3 of biogas is used per household. When an average number of 150 
households per decorticator is taken, this will lead to a gasconsumption of 120 m3 

during these periods, or a gasflow of 60 m3 /h. 
When this figure is taken, a pressure drop of about 1.6 bar bas to be compensated 
(fora pipe with a diameter of 3.81 cm) during the hours of maximum gas 
consumption (see appendix 8). This can be achieved by using a compressor at the 
beginning of the line which increases the gas pressure with about 2 bar. 

10.2 Gas appliances 

The two dornestic biogas appliances which are most widely used are the gas burner or 
stove (1) and the biogas lamp (2). 

1 Gas buroers 

There are many different designs of biogas stoves available. Especially in India many 
different designs are in use. One design which bas proved to be reliable is presented 

68 Gutterer, Bernd and Ludwig Sasse. Criteria for the dissemination of biogas plants 
for agricultural farm and household systems. Page 7. 
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in figure 10.1. 

Sou ree: 
Figure 10.1 

Grate 

Fulford, David. Running a biogas programme: A handhook 
A biogas stove 

A bumer mixes gas and air in the correct proportions and feeds the mixture to the 
bumer head, which supports the flame under the vessel to be heated. The flow of the 
gas into the bumer is controlled by the size of the main jet, as well as the gas 
pressure. 
The air supply that is drawn in by the jet is controlled by an air controL This can be 
opened or closed down, to adjust the efficiency of the bumer. The mixing is done in 
the pipe that leads to the bumer ports, which are usually arranged in a circle, so that 
the underside of a pot is evenly heated. 
The most popular size of dornestic humers uses about 450 I of gas per hour, which is 
equal toa heat output of about 9,700 kJ per hour. This would heat llitre of water 
from 20 C to boiling point in about 4 minutes, assuming a 55 % efficiency. 

Gas lights 

Biogas lights could be used as a substitution for kerosine and paraffin lights. While 
biogas lights are inefficient, expensive, not transportable and need regular service, 
they give as good light as other lights and are easier to use. 
An example of a gas light is presented in figure 10.2. 
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Source: Fulford, David. Running a biogas programme: A handhook 
Figure 10.2 A biogas light 
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lt uses incandescent mantles which glow brightly when heated. The gas supply is 
controlled by the size of the main jet and by the control valve. The primary air is 
drawn into a 'venturi', a tapered tube in which the gas and air mix. The air supply can 
be controlled by means of an air control or by moving the gas jet to the best position 
within the venturi. 
The mantie is held around the 'nozzle', which supports the flame. 
A gas light gives the same illumination as a 40 to 60 W electric light bulb and uses 
between 90 I and 180 I of gas per hour. 

10.3 Potential substitution 

To assess the potential substitution of fuelwood and the potential market for biogas 
on sisal estates, a small survey at Muheza estate was executed (see appendix 9). From 
this survey, it became clear that an average household uses 3.5 bundies of fuelwood 
per week. This is equivalent to 50 kg ( or 9 m3 biogas/week). Given the fact that an 
estate bas on average 150 households, this means a yearly fuelwood consumption of 
390 tons of fuelwood. All the TSA estates had a labourforce of about 5,000 in the 
first half of 1994. With the assumption that every labourer represents one family, the 
total yearly fuelwood consumption is 13,000 tons of fuelwood. 
Wheter this amount of fuelwood could be saved depends on the attitude towards 
biogas of the potential users. All the respondents of the survey would use biogas if 
they could (financially) afford it, although some of them have questions about the 
safety. The central point is the price of the biogas and the biogas applications (bumer 
and lights). 
According to MWEM, the wood consumption in Tanga is 3.17 million m3 and 
Morogoro region 2.93 million m3

• When an average density of 700 kg/m3 is taken, 
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then the fuelwood consumption on theestatesis equal to 0.30% ( 19,000 m3 or 
about 215 ha) of the total consumption in the two regions. This amount of wood 
could be saved each year when all the Iabour on the estates switch from fuelwood to 
biogas. The average biogas use of one family is set on 2.5 m3/day, which seems rather 
high when the present fuelwood consumption is taken into account, but it is in 
accordance with the values given by Guttererand Sasse69

• 

10.4 Necessary equipment and economy 

The equipment necessa:ry for this application when it will be located at Mruazi 
division of Mruazi Hale estate (see 13.1) is summarized below. 

a Pipelines (1.5 inch from the factory to the Iabour camps and 1 inch from the 
main pipe to the houses). 

b Valves and couplings. 
c Compressor. 
d Gas appliances. 
e Gas meters. 

The costs for this application are summarized in table 10.1 and are procured from 
companies in Tanga town. The pre-production and operation costs will be given in 
part IV ( chapter 13) when the financial feasibility is assessed. 

Table 10.1 Investments for biogas supply on the estate 
(in thousand US$) 

I Item I Loc al I Foreign 

Pipelines 10 0 

Valves, etc 2.5 0 

Compressor 2 0 

Appliances 12.5 0 

Gas meters 7.5 0 

Contingencies 2 0 

Total 36.5 0 

I Total 

10 

2.5 

2 

12.5 

7.5 

2 

36.5 

I 

69 Gutterer, Bemd and Ludwig Sasse. Criteria for the dissemination of biogas plants 
for agricultural farm and household systems. Page 7. 
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he revenues of this application depend on the subsidy TSA wants to give to lower the 
price, and on the priee of other energy sourees like charcoal and mainly fuelwood. 
The priee of charcoal is 1,000 TSh for a bag of about 20 kg. This means a price of 50 
TSh per kg. Given the fact that 1 kg of charcoal is equal to 0.60 m3 of biogas 
(probably even less given the higher efficiency of a biogas bumer), the maximum 
priee of biogas is about 80 TSh per m3

• To be competitive a priee of 70 TSh should 
be used. Looking at the income of the labourers (10,000 TSh/month), this priee will 
be much to high, which can be seen from the fact that most labourers do not buy 
charcoal but collect fuelwood. A priee of 10 TSh/m3 (or about 10% of their income) 
could be affordable for the Iabour, therefore the priee of 10 TSh will be used. 
The yearly consumption on the estate will be 136,875 m3 (150 households which use 
2.5 m3 per day). 

Table 10.2 Revenues of biogas supply on the estate 

Item Amount!year (m3
) Prieelunit (TSh) Total (*106 TSh) 

Biogas sales 136,875 10.00 1.37 

Total 136,875 1.37 

The revenues are equal to 2,600 US$. 

10.5 Appropriateness 

The financial and economical appropriateness of this application is questionable 
because the projected income cannot be assured. According to the survey (appendix 
9) the Iabour wants to use the biogas for cooking and lighting if it is safe and if the 
priee is competitive with otber energy sourees or in other words if they can afford it. 
To be competitive with other energy sourees (like charcoal) a priee of 70 TSh/m3 

should be used, but when tbe wages (10,000 TSh/month) are taken into account, it 
will be almost impossible for tbem to pay this priee which is equal to 5,000 
TSh/montb. A priee of 10 TSh/m3 (or about 10% of their income) could be 
affordable for the Iabour. Another problem is that, they have to buy a biogas bumer 
and biogas lamp wbich will cost about 45,000 TSh. 
The advantage of this application is that it can be completely made with local 
material, the investment costs are low and the deforestation around the estates will be 
stopped, althougb a lot of the interviewed people had some questions about tbe safety 
of biogas, which means that it is questionable if they would switch from fuelwood to 
biogas. Good information to the people should convinee them of the safety of using 
biogas. Another consideration coneeming the deforestation is that the advantage of 
stopping the deforestation can only be reached when TSA is willing to subsidize tbe 
biogas humers and lamps, and to decrease the biogas priee. An option for TSA would 
be to supply all the households with a bumer and a light and take a small part of the 
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monthly wages of the labourers to pay for the appliances. This way, the labourers 
have the opportunity to pay the humers and lights in small parts. 
From a technica} point of view, this application will be appropriate because it is quite 
easy to imptementand can be made with local materials only, but also the opportnity 
costs have tobetaken into account (see chapter 13). 
Although there are still some questions about this application ( especially on the 
financial and economical appropriateness), it will be considered in the financial 
calculations ( chapters 12 and 13). 
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11 Bottled biogas 

Direct use of biogas is limited to the direct surrounding of the estate unless the gas is 
compressed and stored in cylinders. Biogas itself cannot be liquified but it can be 
compressed to 250 bar, which results in a rednetion of the required volume of over 
200 times. However, when the C02 is removed, then the remaining CH4 could be 
liquified and the remaining gas would have a higher heating value. The energy costs 
for campressing the biogas are about 15 % of the initia! available biogas. 
Wh en the gas (biogas or methane) would be available in cylinders, it could be 
transported tourban areas (see 11.1). An other application which can betaken into 
consideration when the gas is available in compressed form is use as tractor or vehicle 
fuel (see 11.2). 

11.1 Urban use 

To get an idea of the ~ar]<:et size for bottled gas, a small market survey was executed 
in Tanga town ~~:ppendix-l'Q};> The results of the survey we re that, the LPG which 
is already avai a n Tangais not used very widely mainly because the supply is not 
regular. Most of the interviewed people (about 75 %) in the two areasof Tanga town, 
would consider using compressed biogas under the condition that the price will be 
competitive with other energy sourees and it will be safe to use. Given an average 
household size of 7.6 and a population of 200,000, the potential market for biogas is 
19,500 households in Tanga town only. When an average consumption of 2.5 m3/day is 
taken, the potentlal market in Tanga town is 17.8 million m3/year. This looks bright, 
but it will be questionable whether biogas can compete with the other energy sources. 
To be competitive with charcoal, a price of 70 TSh/m3 is the maximum and this price 
bas to cover both the production costs and the costs of transporting the botties from 
the estate to Tanga town and distributing them. 

11.2 Tractor use 

In chapter 9, it was stated that biogas is a good fuel for oombustion engines. lt was 
also stated that biogas could be used in diesel engines with dual-fuel mode. Since 
most of the tractors on the estate have a diesel engine, it should be possible to 
convert this engine for running in dual-fuel mode. This would give a saving in the 
diesel cost, but this savings have to be weighed against the additional oost (mainly 
modification of the engine) and the opportunity oost. 
As stated above, a prerequisite is that the gas is available in compressed form because 
the energy density of biogas is relatively low. In Switzerland some tests have been 
done with tractors running on biogas70

• During the tests the tractor was supplied with 
4 cylinders of 40 1 with a total biogas content of 60 m3

• This amount of gas was 

70 Fankhauser, J. a.o. Erfahrungen mit biogas als traktortreibstoff. 
Electrawatt Engineering Services. Alcohol production from sisal waste. 



116 Part 111. Biogas applications 

enough for an operation of 3.5 hours at fullload or 7 hours at 40 % load. 
During these experiments, the gas was expanded to 2 mbar underpressure. The major 
problem concemed with running on biogas is the amount of diesel injected to ignite 
the air/gas mixture, which should remain constant over the whole range of engine 
speed This problem could not be solved by just blocicing the control rod at a fixed 
position because with a fuel pump in row the oil delivery increases with increasing 
rpm's. During their experiments they used a pneumatic reset device which was 
regulated by the underpressure of the air intake manifold. This purely mechanica} 
regulation worked fine but it was difficult to instaU due to the limited space available. 
A simpler but slightly more expensive solution was found with an electric relay 
allowing to place the pneumatic device closer to the fuel pump. 
The engine results were that the performance in diesel and dual-fuel mode was about 
the same. The diesel savings at fullload were about 86 % and at 40 % load 70 %. 
The experience of the farmers using the tractor was that the tractor drove like a 
regular diesel tractor except that it was difficult to keep a constant engine speed at 
low partial load. It was, like the farmer said, 'driving a tractor built in the fifties or 
early sixties'. 

11.3 Necessary equipment and economy 

The following equipment will he necessary. 

a Gas cleaning, compression and filling station. 
b Gas cylinders. 
c Engine modification (three ). 

The costs are summarized in the table 11.1 and are taken from the UNDP71below: 

Table 11.1 Investments for bottled biogas 
(in thousand US$) 

I Item I Loc al 

Filling station 0 

Cylinders 50 

Tractor 0 
modification 

Contingencies 3 

Total 53 

I Foreign I Total 

250 250 

0 50 

25 25 

14 17 

289 342 

71 UNDP. Takagas. Energy from waste in Tanzanill. Page 70-71 and 95-100. 

I 
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The revennes depend on the priee of the energy sourees (charcoal, dieseland LPG) 
which will be replaeed by bottled biogas. 
The priee of charcoal is 1,000 TSh for a bag of 20 kg, this is equal to 50 TSh/kg. 
Given the fact that 1 kg charcoal is equal to 0.60 m3 (this figure is probably even 
lower because of the higher efficiency of biogas bumers), the maximum priee is set on 
80 TSh/m3

, but to be competitive a priee of 70 TSh/m3 should be used. 
The priee of diesel is 220 TSh/1, and given the fact that one litre of diesel is equal to 
2.8 m3 of biogas, the priee of the biogas is set on (220/2.8) 79 TSh/m3

• However, to be 
competitive with diesel, a priee of about 70 TSh/m3 should be used. 
LPG consists of a mixture of propane and butane, but the ratio between the two 
varies. For the ease of calculation, the propane and butane content are both set on 50 
%, which results (see table 8.1) in a density of 2.35 kg/m3 and a heating value of 30 
kWh/m3

• The priee of LPG is 5,300 TSh fora cylinder with 15 kg LPG (350 TSh/kg 
830 TSh/m3

). This amount of LPG is equal to 32 m3 biogas, so to be competitive with 
LPG, the price of biogas should be lower than 166 TSh/m3

• 

Taking into account the calculated biogas prices, the priee for bottled biogas is set on 
70 TSh!m\ this price is competitive with the cheapest energy souree ( charcoal). 

Table 11.2 Revenues of bottled biogas 
(in TSh) 

a 

b 

Item Amount!year Prieelunit Total (*106 TSh) 

Diesel savingsa 39,180 litre 220 8.6 

Gassales 1,206,625 m3 70 84.5 

Totalb 1,315,460 93.1 

An average diesel consumption of 3265 litre/month is taken. This figure is the 
average diesel use at the estates which are included in the sutvey (see 
Appendix 5). 
85 % of the biogas, because the other 15 % is used for cleaning and 
compressmg. 

The total revenues are equal to 177,330 US$. This looks quite good, but the costs of 
the products sold are very large ( compared with the other 2), especially the 
transportation costs from the estate to the urban areas and back to the estates are 
large. These costs have to be covered with the revennes of 80 TSh/m3 (1,200 TSh for 
a bottie with 15 m3 biogas), which seems questionable. Besides that the consumption 
of biogas and so the consumption of botties will be high, because the bottie with 15 
m3 will be consumed in one week ( against 4 to 5 weeks for the same amount of 
LPG). This large biogas consumption means that more botties will be consumed in 
the same period which means that the transportation costs of biogas compared to 
LPG are much higher. 
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11.4 Appropriateness 

This application is rather complicated and involves a lot of foreign equipment. Since 
the diesel fuel is not in short supply and the fact that a tractor runs much better on 
diesel, it will be more appropriate to let the tractors run on diesel. 
The market for bottled biogas in urban areas looks quite promissing but it will be 
difficult to make any profit and to set up an own distribution network. This could be 
done in cooperation with a counterpart (organization) which will arrange these things. 
Organizations suitable for this task are the petrol companies which are presently 
distributing LPG gas, but supporting the use of biogas would decrease the market for 
their own LPG. 
In general it can be stated that this application should not be implemented, the 
prospects for the other applications are much better. 
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12 Commercial and national protitability 

Financial and economie aspects are very important when it comes to an investment 
decision. The costs, financial ( or commercial) profitability and national profitability 
are important criteria for the decision makers. This is also the case when it comes to 
a decision about the most appropriate biogas project whith one of the three biogas 
installations (UCB, CSTR and UASB) mentioned in chapter 7 and the two biogas 
applications described in chapter 9 (electricity generation) and 10 (biogas supply to 
the Iabour on the estate ). The biogas application of bottling the biogas, described in 
chapter 11 is not considered in the calculations because it is not appropriate. 

12.1 Methodology 

Commercial profitability analysis (12.1.1) is the first step in the economie appraisal of 
a project. lt is concemed with assessing the feasibility of a new project from the point 
of view of its financial results. This analysis is applied to appraise the soundness and 
acceptability of a single project as well as to rank projects on the basis of their 
profitability. 
The commercial profitability may not give a good idea of the contribution of a project 
to the economy of a country. For measuring a projeet's contribution to the national 
economy, national profitability analysis (12.1.2) should be applied. 
Both analysis are based on the assumption that there is no uncertainty, but in practice 
there is always uncertainty about the volume of production, size of investment, 
operating cost, prices, discount rate, etc. Therefore an uncertainty analysis (12.1.3) is 
necessary. 
The profitability and uncertainty analysis will be applied to the three systems 
mentioned above. 

1 The Underground Concrete Biodigester (UCB). 
2 The Continuous Stirred Tank Reactor (CSTR). 
3 The Upflow Allaerobic Sludge Blanket (UASB). 

For all systems, two models are considered. 

a The biogas produced is used for electricity generation. 
b The biogas produced is used for electricity generation and for supply to the 

Iabour on the estate. 

This means that a total of six models will be analyzed. 

12.1.1 Commercial protitability 

Commercial profitability analysis is the measurement of the profitability of the 
resources put into a project. 
The following three methods ( see also appendix 1) are used to assess the 
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profitability72
• 

a Pay-back period: 
The pay-back period is the time required for the cash income of a project to 
return the initial investment. The cash income or cash flow of a project is the 
amount of funds generated by the business that is available to the company for 
investment. Fora partienlar year this is the profit after deduction of taxation 
plus depreciation and interests (see formula 12.1). The dividends are also 
excluded from the cash flow, so the cash flow is equal to the net profits. 

p 

I=LF;+i1 ( 12 .1) 
t=O 

I Total investment; 
t Time (year); 
p Pay-back period; 
F Annual net profits; 
D Annual interest and depreciation; 
F + D Annual net cash earnings. 

b Net Present Value (NPV): 

c 

72 

The net present value is defined as the difference between the present valnes 
of its future cash inflows and outflows. This means that all annual cash flows 
should he discounted to the zero point of time at a predetermined discount 
rate (see formula 12.2). 

n n 

NPV= L Q t ( 1 + r) -t-L ct ( 1 + r) -t (12.2) 
t=O t=O 

Q Revenues; 
C Costs; 
r Discount rate; 

Internal Rate of Return (IRR): 
The internal rate of return is the rate of discount at which the net present 
value of benefits equals the net present value of the costs. The IRR can he 
found when the following equation (12.3) is solved. 

Behrens, W. and P.M. Hawranek. Manual for the preparation of industrial feasibility 
studies. Chapter 10. 
UNIDO. Manual for the preparation of industrial projects. Chapter II.B and C. 
Lemmens, dr. ir. A.M.C. Feasibüity studies. 
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D D 

L Q( 1+r) -t=L C;( 1+r) -t (12.3) 
t ={) t ={) 

12.1.2 National profitability 

National pro:fitability analysis is similar in form to commercial pro:fitability analysis in 
that they are both attempts to identify the costs and benefits and to assess the 
profitability of an investment proposal. The national profitability analysis traces the 
projeet's contribution to national development objectives. In this case only one criteria 
is used nl. the value added, which gives the projeet's contribution to the national 
economy. The project is evaluated in termsof the net national value added (NNV A) 
(see formula 12.4). 

n n 

NNVA=L ot < 1+SRD) -t_ L (MI+I+RP)t ( l+SRD) -t (12.4) 
t=O t=O 

0 Value of the output; 
MI Value of material inputs and setvices purchased from outside the project; 
I lnvestment; 
RP Repatriated payments; 
SRD Social rate of discount. 

For this project, the repatriated payments (RP) are zero because the project is 
executed by a national company. 

12.1.3 Uncertainty analysis 

As already stated above, there is always uncertainty about certain variables used in 
the profitability analysis. In this case, uncertainty exists about the following variables: 
size of investment, operating cost, sales revenues and discount rates. To assess the 
impact of these uncertainties, the following analysis will be made73

: 

1 

73 

Break-even analysis: 
Break-even analysis is carried out to establish the lowest production and/or 
sales levels at which a project can operate without endangering its financial 
viability. lt is calculated on the basis of the following assumptions. 

UNIDO. Manual for evaluation of intlustrial projects. Page 118-134. 
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a The project produces a single product or a product mix which remains 
constant or varles in a given proportion. 

b Constant per unit selling price, price of material inputs and variabie 
cost. 

c Distinction between variabie cost and fixed cost is feasible and can 
easily be made. 

d Fixed costs are independent of the volume of production. 

e Variabie costs are the same per unit of production, irrespective of the 
volume of production. 

The break-even point (BEP) is used to indicate a level of operation at which a 
project yields neither profit nor loss. The lower the break-even point, the 
higher the chances of a project are for eaming profits and the lower the risk of 
making losses. The magnitude of the break-even point depends on three 
variables: investment, output and operating cost, which have to be broken 
down in fixed and variabie costs. The break-even point can be determined with 
formula 12.4. 

FC 
BBP= SP- VC 

FC Annual total fixed costs including interest charges; 
SP Selling price per unit of output; 
VC Variabie costs per unit of output. 

(12.4) 

2 Sensitivity analysis: 

74 

Sensitivity analysis shows how the value of profitability criteria (pay-back 
period, NPV, IRR and NNV A) change with variations in the value of one 
variabie (the sensitivity to a combination of variables is not analysed). lf the 
criteria are sensitive to the variables, the project is sensitive to uncertainties. In 
this sensitivity analysis, the influence of the following variables on the 
profitability criteria (in particular the NPV) will be assessed (see also table 
12.1). 

a Sales revenues: the price of electricity is set on 53 TSh/kWh but it may 
vary between 45 (the price paid by TSA to TANESCO) and 75 
TSh!kWh (a price slightly above the economie costs of electricity, which 
set on 0.13 US$/kWh74

). 

The price of the biogas is set on 10 TSh/m3 (10% of the Iabour 

UNDP. Energy from waste in Tanzania. Page 87. 
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income) and can increase to 30 TSh/m3 (30% of the Iabour income). 
In the initia} calculations, no revenues of fertilizer are considered, but a 
price of up to 15,000 TSh/ton is given as a possible price75

• 

b Availability of waste: the availability of waste depends on the fibre 
production and does directly influence the biogas production. The 
production figures are given in the corporate plan and it is 
recommendable to start the construction of a biogas instanation only 
when the production is higher or close to the production (1,500 
tons/year) for which the installation is designed. However, small changes 
in the production are possible, so the availability of waste is varled 
between 75 and 100 % of the amount available with a fibre production 
of 1,500 tons/year. 

c Size of investment: the size of investment is varled between the initia} 
value minus 20 % and the initial value plus 20 %. 

d Operating cost: the operating cost are also varled between the initial 
value minus 20 % and the initia} value plus 20 %. 

e Discount rate: the discount rate is not unambiguous and is varled 
between 8 and 35 %. 

f Social rate of discount: the SRD is varled between 8 and 30 %. 
g Financing: the debt/equity ratio will be varled between 25:75 and 75:25, 

to see what financing metbod is the most profitable. 
h Corporate tax: the corporate tax was not procured and is set on 25 % 

which is rather optimistic, therefore the following values will be used for 
the sensitivity analysis: 25 and 50 %. 

Table 12.1 Sensitivity analysis 

Variables Optimistic Standard Pessimistic 

Discount rate (%) 8 10 35 

SRD (%) 8 10 30 

Corporate tax (%) 25 25 50 

Waste availability (% of 100 100 75 
maximum) 

Electricity price (TSh!kWh) 75 53 45 

Biogas price (TSh/m3
) 30 10 0 

Fertilizer price (TSh/ton) 15,000 0 0 

Debt/equity ratio 75:25 50:50 25:75 

Operating costs -20% 0 + 20% 

lnvestment costs -20% 0 + 20% 

75 Tanzania Sisal Authority. Project profile: Sisalleaf-waste treatment project. 
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12.2 Project parameters 

In the preceding section, already a few project parameters were mentioned but in this 
section the value used in the calculations will be given. 

Lifetime of the project: 

The lifetime of the project is the time during which the biogas installation, the 
machinery and the auxiliary equipment can be operated. The lifetime of the digesters 
is set on 20 years. The lifetime of the plant machinery and auxiliary equipment is set 
on 15 years. These values depend heavily on the repair and maintenance during this 
time. If the repair and maintenance are neglected, the lifetime will be much shorter 
and reptacement will be necessary. 

Discount rate: 

The discount rate should basically reflect the opportunity cost of capita}, which 
corresponds to the possible returns an investor (financier) would obtain on the same 
amount of capita! if invested elsewhere, assuming that the financial risks are similar 
for both investment alternatives. The assessment of the possible returns in another 
project is very difficult, but when a global comparison is made between biogas from 
sisal waste and other uses of the sisal waste ( animal feed and alcohol production) the 
possible returns will be lower. However returns in other projects could be higher. 
Another opportunity for the investor is to put his money on a savings account with a 
interest of about 25 %. Given the high interest rate on savings accounts, the potendal 
investor wants to besure that the project will yield more than 25 % (say about 30% 
to 35 %). 
For the investor it is interesting to know what the project will yield with a discount 
rate of 30% to 35 %, but for the World Bank (who will provide the loan) it is 
interesting to know if the project is profitable at a discount rate of 8 % (which is the 
interest rate of long term loan). Keeping this in mind, the discountrateis set on 10 
% (to assess the profitability for the provider of the loan) but in the sensitivity 
analysis it will be varled between 8 % and 35 %. 

Social rate of discount 

The social rate of discount (SRD) is the quantitative estimate of the value society 
places on future benefits and costs. When a country is a capita} borrower the SRD 
should be not less than the actual rate of interest on the capita} market from which 
the capita} is borrowed76

• This rateis 8 % and therefore the SRD is set on 10 %. 

Exchange rate: 

The exchangerateis set on 525 TSh for one US$. 

76 UNIDO. Manual for the evaluation of industrial projects. Page 111-114. 
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Construction period: 

The construction period for the biogas instaBation is one year. 

Start-up schedule: 

The biogas instanation is projected to work at 100 % of the total capacity already in 
the first year. 

Corporate tax: 

The corporate tax has not been procured but is set on 25 %. 

Dividends on equity: 

The dividends are set on 12 %77 and they will he paid totheshare bolders in US$. 

12.3 Cost 

The cost for a biogas instaBation can he divided into two categories. 

1 Initia! investment costs (12.3.1). 

2 Production costs (12.3.2). 

12.3.1 Investment cost 

The initial investment costs are defined as the sum of fixed assets (fixed investment 
costs plus pre-production expenditures) and net working capital, with fixed assets 
constituting the resources required for constructing and equipping the project, and net 
working capital conesponding to the resources neerled to operate the project totally 
or partially. 

1 

77 

The fixed investment costs for the biogas reactor and the biogas applications 
comprise site preparation, civil works, machinery and auxiliary equipment. In 
all the oost items mentioned, the Iabour costs are already accounted for. In this 
case, the site preparation costs only include land purebase (which is zero), the 
preparatory works on the site are included under the civil works. Besides these 
items, the contingencies (set on 5 % of the investment costs) are added. 
The fixed investment costs for the three systems are given in chapter 13. 

Behrens, W. and P.M. Hawranek. Manual for the preparation of industrial feasibüity 
studies. Page 326. 
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2 The pre-production expenditures oomprise three categories: planning, design 
and construction seiVices, training of personnel and contingencies (5 % ). The 
costs for planning, design and construction seiVices are set on 20 % of the 
total fixed investment costs, but these expenditures are lower for following 
biogas installations since the costs for design can be omitted. The costs for 
training depend on the complexity of the system which is chosen (see chapter 
13). 

3 Net woricing capita! is defined to embrace current assets (the sum of 
inventories, marketabie securities, prepaid items, accounts receivable and cash) 
minus current liabilities (accounts payable ). lt forms an essential part of the 
initia! capita! outlays required for an investment project, because it is required 
to finance the opera ti on of the plant. Any net increase of woricing capita! 
corresponds to a cash outflow to be financed, and any decrease would set free 
financial resources. 
In this case the following items are used to calculate the net woricing capita! 
requirements (see table 12.2). 

Table 12.2 Net working capital 

a 

Item Description Coefficient of tuwvv".l 

Raw materials 12 

Spareparts 50 % of the repair & 2 
maintenance costs 

Repair (cash in 50 % of the repair & 12 
hand) maintenance costs 

Current assets 

Current liabilities Operating costs minus repair 12 
& maintenance costs 

Net woricing capita! Current assets minus 
liabilities 

The coeffi.cient of turnover (CfO) is obtained as follows: CfO = 12 I MMC 
(minimum months of coverage) 

12.3.2 Production costs 

Production costs should be based on the requirements of the feasible normal capacity 
that is achievable under normal woricing conditions. In this case the feasible normal 
capacity is equal to the installed capacity (a production of 4,240 m3 biogas). In line 
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with the Manuaf8
, the production costs are dealt with as follows (see table 12.3): 

Table 12.3 Total costs of products sold 

Subject Description 

Factory costs Raw materials 
Human resource costs 
Repair and maintenancea 
Energy costs 

Factory overheads Laboratory costs 
Other services 

Administrative overheads Salaries of administrative staff 
Office supplies 

Operating costs Factory costs + Overheads 

Depreciation costs 

Costof financing Interest on the loans 

Production costs Operating costs + depreciation costs + 
cost of financing 

Marketing costs 

Total costs of products sold Production costs + marketing costs 

a The costs for repair and maintenance also include the costs for spare parts. 

The main items of the factory costs are repair and maintenance and the human 
resource costs. The repair and maintenance costs are set on 5 % of the total fixed 
investment costs. The human resource costs depend on the Iabour force necessary. In 
chapter 7, the Iabour requirements for the three systems were given and were divided 
into three categories: plant manager, engineers and unskilled Iabour. The wages for 
these three categories are set on 3 million TSh/year for the manager, 2 million 
TSh/year for the engineers and 625,000 TSh/year for the unskilled Iabour. 
The other items, which are of minor importance are the costs for raw materials and 
energy costs. The costs for raw materials are limited to the chemieals neerled for the 
proper operation of the digesters and for cleaning the biogas and oils for the biogas 
engine. The costs for energy used during operation depend on the energy 
requirements of the equipment. The energy requirements of the equipment are about 
60,000 kWh/year (three pumps of 5 kW running about 10 hours a day) and this 
amount of electricity will not he available for sale to the grid. Therefore, the price of 

78 Behrens, W. and P.M. Hawranek. Manual for the preparation of industrial feasibility 
studies. Page 33. 
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electricity is the same as the sales price to the grid. 
The factory overhead costs are divided into two categories, the laboratory costs and 
the costs for other services (consultancy). The laboratory costs depend on the types of 
measurements (see table 7.2) which are necessary and the institution which will 
execute these measurements. An institution which is capable of executing all the 
measurements (except the gas composition) is the laboratory of the Mlingano 
Research Station. The costs of the measurements at this laboratory are 15,000 TSh 
per sample (1,500 US$/year). An additional amount of 500 US$ is used for the 
measurements of the gascomposition. 

12.4 Revenues 

The financial revennes of the biogas instaBation depend on the application used. 
Besides these direct revenues, a biogas instaBation also bas environmental benefits. 
These environmental benefits consist of a decrease of the BOD and COD level of the 
waste, a decrease of the greenhouse gas emissions and a decrease in deforestation 
when the biogas wiB be delivered to the Iabour on the estate. The problem however 
with these benefits is how to quantify them in economie terms. Since this 
quantification is quite difficult, this will be omitted in the calculations, although the 
qualitative benefits are still taken into account 
As already stated above, the revennes of the biogas instaBation depend on the biogas 
application(s) used and also on the sales price of the biogas or electricity. As already 
stated, there are two appropriate applications: electricity generation and biogas use on 
the estate (see table 12.4 and 12.5). 

1 Only electricity generation 

Table 12.4 Revennes of electricity generation 

I Item I Amount/day I Revenues!year 

Electricity production (kWh) 7,2083 269.8 

Use by labourers (m3
) 0 0 

Total (m3
) 4,240 269.8 

a The electricity requirements of the equipment are not deducted from the total 
amount of electricity generated. 

I 



130 Part IV. Financial and economical aspects and final conclusions 

2 Electricity generation and biogas use on the estate 

Table 12.5 Revenues of electricity generation and biogas use on the estate 

Item Amount/day Revenues/year (* 1,000 
US$) 

Electricity production 6,571 244.1 
(kWh) 

Use by labourers (m3
) 375 2.6 

Total (m3
) 4,240 246.7 

12.5 Financing 

The allocation of financial resources to a project constitutes an obvious and basic 
prerequisite for investment decisions, for project formulation and pre-investment 
analysis, and for determining tbe cost of capita} (without wbicb tbe decision to accept 
or reject a project on the basis of the NPV or IRR cannot be made). The allocation 
can be done with equity or loans and in this project the investment costs are covered 
for 50 % by equity and for 50 % by long term loans. The equity will be raised by 
issuing only ordinary shares with a dividend of 12 % (when the project is operating 
profitable ). 
The long term loan will be obtained from tbe agricultural export rebabilitation project 
of the CRDB, which is financed by the World Bank. The loan bas tbe following 
conditions 79

: 

Repayment: Loan and interest will be deducted from export proceeds. 

Interest: 

Terms: 

Grace: 

8 %per annum (fixed). 

Negotiable with a maximum of 15 years, in tbis case it is set on 10 
years. 

2 to 3 years. 

79 CRDB, Sisal industry 
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13 Financial aspects of the three systems 

13.1 Setting 

The profitability analysis, which was described in chapter 12, will be executed on the 
models mentioned insection 12.1. The location will be Mruazi Hale estate. The 
reason for this location is that the efficiency of the decorticators at this estate is the 
best of all the estates (see appendix 5). Another reason is that the production in 1996 
(the year when the biogas installation will be ready for production) will be above 
1,500 tons (see figure 13.1) which is the production level for which the biogas systems 
are designed. 

~ 

Toos~ 
Ë 

Source:. 
Figure 13.1 
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TSA. Corporate plan 1995-1999. 
Fibre production at Mruazi Hale estate (1994-2008) 

The Mruazi Hale estate was nationalized in 1967 and lies across the new 
Tanga/Segera road some 40 kilometres from Korogwe and about 60 kilometres from 
Tanga (see appendix 2). Theestate consistsof two divisions: Mruazi and Hale with 
their own decorticator, broshing machines and baling machine. Until the production 
level of 1,500 tons!year is reached only one of the two decorticators (in this case the 
one at Mruazi) will be operated and the biogas installation is located next to the 
operating decorticator. 
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13.2 Underground Concrete Biodigester 

This system was described in 7.1.1 and the investment and production costs will be 
given insection 13.2.1. Insection 13.2.2 the results of the profitability and uncertainty 
analysis are presented. 

13.2.1 Investment and production costs 

The investment costs for this system, which are given in the tables 13.1 and 13.2, are 
taken from tables 7.3, 9.5 and 10.1 (see also appendix 11). 

Table 13.1 Initial fixed investment (UCB) 
(in thousand US$) 

I Item I Loc al 

Site preparation 0 

Civil works 80 

Plant machinery 70 

Auxiliary equipment 0 

Contingencies 7.5 

Total biogas plant 157.5 

Electricity generation 26.3 

Biogas use on estate 36.2 

Total 220 

I Foreign I Total 

0 0 

0 80 

10 80 

5 5 

0.8 8.4 

15.8 173.3 

315 341.3 

0 36.2 

330.8 550.7 

I 
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Table 13.2 Pre-production expenditures (UCB) 
(in thousand US$) 

I Item I Model1 

Planning, design and construction services 102.9 

Training 10 

Contingencies 5.6 

Total 118.5 

11 Model2 I 
110.1 

10 

6 

126.1 

The production costs are given in the tables 13.3 and 13.4. These costs are based on 
the considerations which were described insection 7.1.1 and 12.3.2 (see also appendix 
11). 

Table 13.3 Costs of products sold with UCB (model 1) 
(in thousand US$) 

I Item I Year 1 11 Year 5 I Year 10 

Raw materials 5 5 5 

Labour 14.3 14.3 14.3 

Repair & maintenance 25.7 25.7 25.7 

Laboratory + services 4 4 4 

Energy 6.1 6.1 6.1 

Overheads 6 6 6 

Operating costsa 61.1 61.1 61.1 

Depreciation 33 133 1133 

Financial costs 25.3 15.2 2.5 

Production costs 119.4 109.2 96.6 

I Marketing costs 12 12 12 

Costs of products sold 121.4 1112.2 1198.6 
costs ((J) m the tormuJas tor 1\.I:'V and lKK.. 

Year 15 

5 

14.3 

25.7 

4 

6.1 

6 

61.1 

1133 I 
0 

94 

11 2 I 
1190 I 
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Table 13.4 Costs of products sold with UCB (model 2) 
(in thousand US$) 

I Item I Year 1 11 Year 5 I Year 10 

Raw matenals 5 5 5 

Labour 14.3 14.3 14.3 

Repair & maintenance 27.5 27.5 27.5 

Laboratory + services 4 4 4 

Energy 6.1 6.1 6.1 

Overheads 6 6 6 

Operating costs8 62.9 62.9 62.9 

Depreciation 35.4 35.4 35.4 

Financial costs 27.1 16.2 2.7 

Production costs 125.3 114.5 101 

Marketing costs 2 2 2 

Costs of products sold 127.3 116.5 1103 
costs (V) m the tormuJas torN ~-'V and l.KJ . 

13.2.2 Profitability and uncertainty analysis 

Year 15 

5 

14.3 

27.5 

4 

6.1 

6 

62.9 

35.4 

0 

98.3 

2 

100.3 

The profitability is calculated in appendix 11, with the figures given in the tables 
above and with the parameters given in chapter 12. The results can be seen in 
appendix 11, and a summary is given in table 13.5. 

Table 13.5 Commercial and national profitability of UCB 

I Criteria Electricity generation Both applications 

NPV (* 1,000 US$) 575.6 419.4 

IRR (%) 25.4 20.9 

Pay-back period (years) 3.8 4.5 

NNV A (* 1,000 US$) 1,227.8 1,043.6 

BEP (% capacity) 33 43 

Average annual profit (* 1,000 85.3 63.4 
US$) 
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For the calculation of the NPV, an optimistic value of the discount rate bas been 
used. The discount rate (10 %) which is used is questionable, therefore the discount 
rate is varled between the interest rate paid by TSA (8 %) and a disount rate (35 %) 
which is based on the interest rate on saving accounts, to assess the influence on the 
NPV. The results are presented in the fi.gure 13.2. 
From fi.gure 13.2 it is clear that the NPV of both modelsis positive for discount rates 
lower than 22 %, and that the influence of the discount rate on the NPV is 
substantial ( especially between 10 and 20 % ). 
At a discount rate of 8 %, the NPV is positive, which means that it is profi.table for 
the World Bank to invest in this project. At a discount rate of 35 %, the NPV is 
negative, which means that it is not profi.table for local investors to invest in the 
project. 
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Figure 13.2 UCB: NPV versus discount rate 

The contrlbution to the national economy, which is given by the NNV A, depends on 
the social rate of discount (SRD) used. In this case a value of 10 % is used which is 
acceptable when the interest rate of 8 % is taken into account. However this interest 
rate may not be equivalent to the interest rate prevalent on the relevant world capita! 
market for Tanzania, therefore the SRD is varled between 8 and 30 % to assess the 
influence on the NNV A (see fi.gure 13.3). 
From fi.gure 13.3 it is clear that the contrlbution to the national economy is positive 
for all rates used in the sensitivity analysis. 
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Figure 13.3 UCB: NNV A versus the social rate of discount 

The other results of the sensitivity analysis (see 12.1.3 and table 12.1) on the NPV are 
presented in the figures 13.4 - 13.11, the results of the sensitivity analysis on the other 
criteria (IRR, pay-back period and NNV A) are presented in appendix 11. 
The general result of these analysis is that the NPV is positive for all the values used, 
which means that this system is acceptable to use. 
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Figure 13.4 UCB: NPV versus electricity price 
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From figures 13.4, 13.5 and 13.6 it is clear that the NPV is sensitive for changes in 
the sales price of electricity, fertilizer and biogas, although the degree of sensitivity is 
not the same for all three. The sensitivity for the electricity price is most clearly. An 
increase of the sales price from 45 to 75 TSh/kWh (a factor 1.67) leads to an increase 
of the NPV withafactor 2.5. 
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Figure 13.5 UCB: NPV versus fertilizer price 
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600 

S90 

sso 
S10 
S60 

sso 
S40 

S30 

S20 
S10 

NPV 
soo 
490 

480 

470 

460 

4SO 

440 

430 

420 

410 

400 
20 40 60 80 

Percenr~ge llnzlnced by lOlins 

0 Electr. gen....., !ion + Both appli~tions 

Figure 13.7 UCB: NPV versus percentage financed by loans 

The condusion which could be drawn from the results presented in figure 13.7 is that 
it is better to finance the project by loans than by equity, because this would result in 
a higher NPV (although the changes are not very important). The variation in the 
NPV is caused by the fact that the corporate taxes decrease when more loan financing 
is used. 
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Figure 13.8 UCB: NPV versus varlation in investments 
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Figure 13.9 UCB: NPV versus variation in operating costs 

The sensitivity for changes in the investment and operating costs (see figure 13.8 and 
13.9) is important because the costs presented in section 13.2.1 are mainly procured 
from secondary sourees and no information was procured from the producers of the 
items. This means that the costs for certain items are not unambiguous and could 
possibly be higher or lower. From both figures it is clear that the NPV is still positive 
even when the investment or production costs are 20 % higher than presented in 
13.2.1. 
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Figure 13.10 UCB: NPV versus corporate tax 
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From figure 13.10 it is clear that the NPV is still positive fora corporate tax of 50 %. 
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Figure 13.11 UCB: NPV versus waste availability 

The influence of the waste availability, which directly influences the amount of biogas 
produced, is clear. A decrease of 25 %leads toa decrease of the NPV of 60% 
(model 1) to 80 % (model 2). 

13.2.3 Evaluation 

When the investment for an Underground Concrete Biodigester system is made by 
TSA, the NPV at a discount rate of 10 % will be 575,600 US$ (model 1) or 419,400 
US$ (model 2). The average annual profit for the system is 85,300 US$ (model1) and 
63,400 US$ (model 2). The national profitability of the UCB system is considerable 
and is for both models bigger than 1 million US$. 
The commercial and national profitability analysis both point out that this system is 
feasible to implement. This condusion is confirmed by the uncertainty analysis which 
revealed a low break-even point for both models (33 % for model 1 and 43 % for 
model 2). The sensitivity of the NPV to the variables used is considerable, but even 
when the most pessimistic value is used, the NPV is still positive ( except for a 
discount rate of 35 % ). The results of the sensitivity analysis are summarized in the 
tables 13.6 and 13.7. 
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Table 13.6 Sensitivity analysis (NPV) of UCB model 1 
(in thousand US$) 

I Variables Op tirnistic Standard 

Discount rate (%) 733.2 575.6 

Corporate tax (%) 575.6 575.6 

Waste availability 575.6 575.6 

Electricity price 1020.4 575.6 
(TSh/kWh) 

Fertilizer price (TSh/ton) 856.4 575.6 

Debt/equity ratio 586.7 575.6 

lnvestment costs 700.5 575.6 

Operating costs 637.9 575.6 

Table 13.7 Sensitivity analysis (NPV) of UCB model 2 
(in thousand US$) 

Variables Op tirnistic Standard 

Discount rate (%) 558.3 419.4 

Corporate tax (%) 419.4 419.4 

Waste availability 419.4 419.4 

Electricity price 813.6 419.4 
(TSh/kWh) 

Biogas price (TSh/m3
) 446.4 419.4 

Fertilizer price (TSh/ton) 700.2 419.4 

Debt/equity ratio 431.3 419.4 

Investment costs 553.1 419.4 

Operating costs 483.8 419.4 

Pessimistic 

-120 

297.4 

231.3 

413.5 

575.6 

564.5 

450.7 

513 

Pessimistic 

-186.6 

186.2 

75.1 

276 

405 

419.4 

407.5 

285.8 

354.8 

The overall condusion is that this system is commercially feasible even when a 
pessimistic scenario is used and that the contribution to the national economy is 
considerable. Both observations point out that this system is feasible to implement at 
Mruazi Hale estate. 
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13.3 The Continuous Stirred Tank Reactor 

This system was described in 7.1.2 and the investment and production costs will be 
given insection 13.3.1. Insection 13.3.2 the results of the profitability and uncertainty 
analysis are presented. 

13.3.1 Investment and production costs 

The investment costs for this system, which are given in the tables 13.8 and 13.9, are 
taken from tables 7.4, 9.5 and 10.1 (see also appendix 12). 

Table 13.8 Initial fixed investment (CSTR) 
(in thousand US$) 

I Item I Loc al 

Site preparation 0 

Civil works 215 

Plant machine:ry 175 

Auxilia:ry equipment 0 

Contingen ei es 19.5 

Total biogas _Qlant 409.5 

Electricity generation 26.3 

Biogas use on estate 36.2 

I Total I 472 

I Foreign I Total 

0 0 

0 215 

40 215 

15 15 

2.8 22.3 

57.8 467.3 

315 341.3 

0 36.2 

I 372.8 I 844.7 

I 

I 
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Table 13.9 Pre-production expenditures (CSTR) 
(in thousand US$) 

I Item Model1 

Management and supetvision 161.7 

Training 35 

Contingencies 9.8 

Total 206.5 

Model2 

168.9 

35 

10.2 

214.1 

The production costs are given in the tables 13.10 and 13.11 and arebasedon the 
considerations which were described insection 7.1.2 and 12.3.2 (see also appendix 
12). 

Table 13.10 Costs of products sold with CSTR (model 1) 
(in thousand US$) 

I Item j Year 1 11 Year 5 11 Year 10 11 Year 15 

Raw materials 5 5 5 5 

Labour 18.1 18.1 18.1 18.1 

Repair & maintenance 40.4 40.4 40.4 40.4 

Laboratory + setvices 4 4 4 4 

Energy 6.1 6.1 6.1 6.1 

Overheads 6 6 6 6 

Operating costs8 79.6 79.6 79.6 79.6 

Depreciation j5o.3 50.3 I 50.3 50.3 

Financial costs 40.6 24.4 I 4.1 0 

Production costs 170.5 154.3 134 1129.9 

Marketing costs 2 2 .2 12 

Costs of products sold 172.5 156.3 136 1131.9 
Costs (0) m the torroulas tor NflV and lKJ . 

I 

I 
I 
I 
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Table 13.11 Cost of products sold with CSTR (model 2) 
(in thousand US$) 

I Item I Year 1 11 Year 5 11 Year 10 I 

Raw materials 5 5 5 

Labour 18.1 18.1 18.1 

Repair & maintenance 42.2 42.4 42.4 

Laboratory + services 4 4 4 

Energy 6.1 6.1 6.1 

Overheads 6 6 6 

Operating costs• 81.4 81.4 81.4 

Depreciation 52.7 52.7 52.7 

Financial costs 42.4 25.4 4.2 

Production costs 176.5 159.5 138.4 

Marketing costs 2 2 2 

Costs of products sold 178.5 161.5 150.4 
Costs (Q) m tbe formulas tor NJ 'V and l.RR. 

13.3.2 Profitability and uncertainty analysis 

Year 1;:, 

5 

18.1 

42.4 

4 

6.1 

6 

81.4 

52.7 I 
0 

134.1 

2 I 
136.1 I 

The profitability is calculated in appendix 12 with the figures given in the tables above 
and with the parameters given in chapter 12. The results can be seen in appendix 12, 
and a summary is given in table 13.12. 

Table 13.12 Commercial and national profitability of CSTR 

Criteria Electricity Both applications 
generation 

NPV (* 1,000 US$) 179.1 16.2 

IRR (%) 16.2 10.3 

Pay-back period (years) 6.3 7.4 

NNV A (* 1,000 US$) 880.6 696.3 

BEP (% capacity) 47 57 

Average annual profit (* 1,000 31.4 9.4 
US$) 
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The sensitivity of the NPV and NNV A for changes in the discount rate and the SRD 
is presented in the figures 13.12 and 13.13. 
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Figure 13.12 CSTR: NPV versus discount rate 
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The NPV is positive for discount rate lower than 13% (model 1) and 10% (model 2) 
and decreases to -400,000 US$ to -500,000 US$ for a discount rate of 35 %. 
The contribution to the national economy at a SRD of 10 % is considerable, but 
decreases to -100,000 to -200,000 fora SRD of 30 %. 
The other results of the sensitivity analysis are not presented in figures because the 
trends are the same as in the sensitivity analysis of the UCB system (see 13.2.2), 
therefore the general results are presented in the tables 13.13 (model 1) and 13.14 
(model 2) and in appendix 12 for other criteria than the NPV. 

Table 13.13 Sensitivity analysis (NPV) of CSTR model 1 
(in thousand US$) 

Variables Optimistic Standard 

Discount rate (%) 324.2 179.1 

Corporate tax (%) 179.1 179.1 

Waste availability 179.1 179.1 

Electricity price 623.9 179.1 
(TSh/kWh) 

Fertilizer price (TSh/ton) 459.9 179.1 

Debt/equity ratio 196.9 179.1 

Investment costs 375.4 179.1 

Operating costs 260.4 179.1 

Table 13.14 Sensitivity analysis (NPV) of CSTR model 2 
(in thousand US$) 

Variables Optimistic Standard 

Discount rate (%) 140.1 16.2 

Corporate tax (%) 16.2 16.2 

Waste availability 16.2 16.2 

Electricity price 410.5 16.2 
(TSh/kWh) 

Biogas price (TSh/m3
) 43.3 16.2 

Fertilizer price (TSh/ton) 297 16.2 

Debt/equity ratio 34.8 16.2 

lnvestment costs 221.3 16.2 

Operating costs 99.6 16.2 

Pessimistic 

-419 

-23.7 

-165.2 

17.4 

179.1 

161.4 

-17.1 

97.7 

Pessimistic 

-485.8 

-141.6 

-328.1 

-127.1 

2.7 

16.2 

-2.3 

-188.7 

-67.2 
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13.3.3 Evaluation 

When the investment for a Continuous Stirred Tank Reactor system is made by TSA, 
the NPV at a discount rate of 10% will be 179,100 US$ (model1) or 16,200 US$ 
(model 2). The average annual profit for the system is 31,400 US$ (model1) and 
9,400 US$ (model 2). The national profitability of the CSTR system is considerable 
(880,600 US$ for model 1 and 696,300 US$ for model 2). 
The break-even points for both models are acceptable, although they are almost 15 % 
higher than for the UCB system. 
All these figures are quite positive, but the sensitivity analysis revealed that the NPV 
decreases below zero when the pessimistic scenario is used for certain variables. This 
is especially the case for model 2. This leads to the condusion that this system is 
commercially less feasible than the UCB system, although the NPV is still positive 
when the standard scenario is used. When this system is judged without comparison 
with other systems it would be feasible to implement, but in comparison with the 
UCB system, the last one should be preferred. 
This condusion is confirmed by the NNV A which is considerably lower than the 
NNV A of the UCB system. Another conclusion, which is also confirmed by the 
analysis of the UCB system, is that model 1 (only electricity generation) is 
commercially more feasible than model 2 (both applications are used). 
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13.4 The Upflow Anaerobic Sludge Blanket 

This system was described in 7.1.3 and the investment and production costs will be 
given insection 13.4.1. Insection 13.4.2 the results of the profitability and uncertainty 
analysis are presented. 

13.4.1 Investment and production costs 

The investment costs for this system, which are given in the tables 13.15 and 13.16, 
are taken from tables 7.5, 9.5 and 10.1 (see also appendix 13). 

Table 13.15 lnitial fixed investment (UASB) 
(in thousand US$) 

I Item I Loc al 

Site preparation 0 

Civil works 65 

Plant machinery 60 

Auxiliary equipment 0 

Contingencies 6.3 

Total bio_gas ~ant 131.3 

I Electricity generation I 26.3 

I Biogas use on estate I 36.2 

I Total I 193.7 

I Foreign I Total 

0 0 

550 615 

100 160 

50 50 

35 41.3 

735 866.3 

I 315 I 341.3 

I 0 I 36.2 

I 1,050 I 1,243.7 

I 

I 
I 
I 
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Table 13.16 Pre-production expenditures (UASB) 
(in thousand US$) 

Item Model1 

Management and supeiVision 241.5 

Training 70 

Con tingendes 12.6 

Total 327.1 

I Model2 I 
248.7 

70 

15.9 

334.7 

The production costs for both models are given in the tables 13.17 and 13.18 and are 
basedon the considerations which were described in section 7.1.3 and 12.3.2 (see also 
appendix 13). 

Table 13.17 Costs of products sold with UASB (model 1) 
(in thousand US$) 

I Item I Year 1 11 Year 5 11 Year 10 11 Year 15 

Raw matenals 5 5 5 5 

Labour 21.9 21.9 21.9 21.9 

Repair & maintenance 60.4 60.4 60.4 60.4 

Laboratory + seiVices 4 4 4 4 

Energy 6.1 6.1 6.1 6.1 

Overheads 6 6 6 6 

Operating costsa 103.3 103.3 103.3 103.3 

De predation 70.3 70.3 70.3 70.3 

Financial costs 61.4 136.8 I 6.1 I o 
Production costs 235 210.4 179.7 173.6 

Marketing costs 2 2 2 2 

Costs of products sold 237 212.4 181.7 175.6 
costs ((.}) m the tormulas tor .i" PV and lH K. 

I 

I 
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Table 13.18 Costs of products sold with UASB (model 2) 
(in thousand US$) 

Item Year 1 Year 5 I Year 10 I 
Raw materials 5 5 5 

Labour 21.9 21.9 21.9 

Repair & maintenance 62.2 62.2 62.2 

Laboratory +setvices 4 4 4 

Energy 6.1 6.1 6.1 

Overheads 6 6 6 

Operating costs8 105.1 105.1 105.1 

Depreciation 72.7 72.7 72.7 

Financial costs 63.1 37.9 6.3 

Production costs 240.9 215.7 184.1 

Marketing costs 2 2 2 

Costs of products sold 242.9 217.7 186.1 
Costs (U) m the formulas tor Nt'V anctlKK. 

13.4.2 Protitability and uncertainty analysis 

Year 15 

5 

21.9 

62.2 

4 

6.1 

6 

105.1 

72.7 

0 

177.8 

2 

179.8 

The profitability is calculated in appendix 13 with the figures given in the tables above 
and with the parameters given in chapter 12. The results can be seen in appendix 13, 
and a summary is given in table 13.19. 

Table 13.19 Commercial and national profltability of UASB 

Criteria Electricity generation Both applications 

NPV (* 1,000 US$) -348.5 -531.2 

IRR (%) 5.5 2.7 

Pay-back period (years) 10.4 12.1 

NNV A (* 1,000 US$) 408.2 224 

BEP (% capacity) 64 74 

Average annual profit (* 1,000 -38.3 -60.2 
US$) 
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The NPV is already negative at a discount rate of 10% and decreases further for 
higher discount rates (see figure 13.15). 

0 

-100 

-200 

-300 

-400 

NPV 
-SOO 

-600 

-700 

-800 

-900 
8 12 16 20 24 28 32 

Discount rare (9'.) 

0 Electr. generation + Both applications 

Figure 13.14 UASB: NPV versus discount rate 
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Figure 13.15 UASB: NNV A versus social rate of discount 
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Contrary to the NPV, the contribution to the national economy (NNV A) is positive at 
a SRD of 10% but decreases sharply below zero at a higher SRD (see figure 13.15). 
The sensitivity of the NPV for other variables shows that the NPV is still negative 
even when the optimistic scenario is used (see tables 13.20 and 13.21). 

Table 13.20 Sensitivity analysis (NPV) of UASB model 1 
(in thousand US$) 

Variables Op tirnistic Standard 

Discount rate (%) -216.4 -348.5 

Corporate tax (%) -348.5 -348.5 

Waste availability -348.5 -348.5 

Electricity price 96.3 -348.5 
(TSh/kWh) 

Fertilizer price (TSh/ton) -67.7 -348.5 

Debt/equity ratio -321.6 -348.5 

Investment costs -55.4 -348.5 

Operating costs -242.4 -348.5 

Table 13.21 Sensitivity analysis (NPV) of UASB model 2 
(in thousand US$) 

Variables Op tirnistic Standard 

Discount rate (%) -427.6 -531.2 

Corporate tax (%) -531.2 -531.2 

Waste availability -531.2 -531.2 

Electricity price -136.9 -531.2 
(TSh!kWh) 

Biogas price (TSh/m3
) -504.1 -531.2 

Fertilizer price (TSh/ton) -250.4 -531.2 

Debt/equity ratio -513 -531.2 

lnvestment costs -229.3 -531.2 

Operating costs -423.5 -531.2 

Pessimistic 

-825.1 

-454.2 

-710.6 

-510.3 

-348.5 

-374.3 

-643 

-454.2 

Pessimistic 

-892.5 

-595.3 

-927.1 

-683.8 

-544.7 

-531.2 

-558.8 

-851.5 

-643.5 
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13.4.3 Evaluation 

When the investment for an Upflow Anaerobic Sludge Blanket system is made by 
TSA, the NPV at a discount rate of 10 % will be negative for both models ( -348,500 
US$ for model1 and -531,200 US$ for model 2). The average annualloss for the 
system is -38,300 US$ (model 1) and -60,200 US$ (model 2). The national 
profitability of the UASB system is lower than the other two systems ( 408,200 US$ 
for model 1 and 224,000 US$ for model 2). 
The break-even point is 64% for model1 and 74% for model 2. 
The sensitivity analysis revealed that the NPV stays negative even when the optimistic 
scenario is used. 
Taking into account these results, this system should not be implemented. 

13.5 Concluding remarks 

The commercial (given by the NPV) and national profitability (given by the NNV A) 
for the six models are summarized in table 13.22. 

Table 13.22 Overview of NPV and NNV A 
(in thousand US$) 

Model NPV 

UCB with electricity generation 575.6 

UCB with both applications 419.4 

CSTR with electricity 179.1 
generation 

CSTR with both applications 16.2 

UASB with electricity -348.5 
generation 

UASB with both applications -531.2 

NNVA Ranking 

1,227.8 1 

1,043.6 

880.6 2 

696.3 

408.2 3 

224 

The first condusion which can be drawn from this analysis is that the commercial and 
national profitability of the system with only electricity generation (model 1) is higher 
than the profitability of model 2, although it should be noted that the extra 
environmental benefits (reduction of the deforestation) of biogas supply to the Iabour 
on the estate are not taken into account in the calculations. Based on the profitability 
analysis only, the preferenee should be to use model 1 instead of model 2. 
The national profitability analysis showed that all systems have a positive contribution 
to the national economy of Tanzania, although the differences are substantial. Based 
on the national profitability, the UCB system should be preferred. 
The commercial profitability analysis showed that the UASB system should not be 
chosen because the NPV is far below zero at a discount rate of 10 %, which is rather 
optimistic. The NPV's of the other two systems are positive, although the UCB 
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should be preferred given its higher NPV. 

The sensitivity analysis revealed that the NPV and NNV A are quite sensitive to 
changes in the discount rate and the SRD. At a discount rate of 35 % ( equal to the 
interest rate of localloans) all systems show a negative NPV. The sametrend can be 
observed for the NNV A of the CSTR and the UASB system which drops below zero 
at a SRD of 30 %. The decrease of the NNV A of the UCB system is substantial but 
it is still positive at a SRD of 30 %. 
Furthermore, the sensitivity analysis revealed that the sensitivity of the NPV for the 
other variables is also substantial. Especially the sensitivity for the electricity price, 
varlation in investment costs, corporate tax and the waste availability are important 
because changes in these variables can easily occur. 
The sensitivity for waste availability shows that a biogas installation of this size should 
only be started when the production of at the estate or at a decorticator is close to 
1,500 tons/year. 
If this production is not reached, a smaller installation should be preferred, although 
this will give problems when the production rises and the instanation will be too small 
for the given amount of waste, or the building should be delayed until the production 
is close to 1,500 tons. The sensitivity for the electricity price shows that a higher price 
will increase the NPV and NNV A substantially, so TSA should put a lot of effort in 
the negotiations with TANESCO, to achieve a higher price than 53 TSh/kWh. TSA 
should also put some effort in the research of use of the sludge as fertilizer and to 
assess the market size and possible sales price for fertilizer because the influence of 
fertilizer use on the NPV is substantial especially at prices around or above 5,000 
TSh/ton. 
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14 Conclusions and recommendations 

The sisal industry in Tanzania bas declined sharply during the last decades, but the 
opportunities for sisal fibre and fibre based products show that it is possible to 
increase the production and market share, although the level of the late sixties cannot 
be reached anymore. An important condusion from the opportunity study is that the 
sisal industry should not rely on the fibre anymore, but on manufactured products, 
which have a higher value added and are more competitive on the world market. The 
opportunity study also revealed that geotextiles and sisal pulp and paper are the most 
promising products, although the traditional sisal twines and ropes will continue to 
play an important role. The production of sisal carpets and sisal bags should be 
revised or dosed because heavy losses are made on these two products. A revision of 
the production capacity for these two products could best be done by selling the 
facilities toa (foreign) company who is willing to invest in new machines. When no 
other company is found, the production facilities could better be dosed. 
Focus should be placed on the production of two promising fibre-based products, sisal 
pulp and paper and geotextiles which both have good market prospects, and on the 
utilization of the available sisal waste. The utilization of the sisal waste bas been a 
priority area of the ministry of Agriculture since 1984, and the fact that until now the 
waste is not utilized shows the lack of change and innovation in the sisal industry. 
The markets for pulp and paper and geotextiles are mainly export markets, so it is 
advisable to seek cooperation with a foreign company who already bas a market share 
and wants to extend this, or with a company who bas better access to the market and 
want to grab a share in this market More cooperation between the sisal producers 
will also be essential for the future of the industry. This cooperation should oomprise 
R&D and contacts with manufacturers of machinery for processing fibres or utilizing 
the end-products made from these fibres. The R&D station at Mlingano should be 
revived and change from activities conceming growing and cultivating sisal to research 
on new fibre-based products and new production technologies. This necessary revision 
was already proposed by the ministry of agriculture in 1984, but until now no 
important changes have taken place. 
The contacts with the manufacturers of machinery should result in more technological 
innovation in the sisal industry because the technological innovation in the last 
decades bas been very small. The technological innovation will also result in better 
products which will increase the competitiveness of sisal products. 

The most important condusion of the opportunity study for this research is that 
although the sisal industry seems to be dying, there are still prospects for a better 
future for sisal in Tanzania. This can only be achieved when they change from relying 
on fibre and traditional products only to new products like geotextiles and pulp and 
paper. The prospects for the sisal industry also mean that the fibre production and so 
the availability of sisal waste will be assured for the next years. 

The sisal waste proved to be a good feed for an anaerobic digester to produce biogas 
and that the biogas could be used for electricity generation and biogas supply to the 
Iabour on the estate. This bas been confirmed by the appropriateness and financial 
and economical analysis. The appropriateness analysis showed that out of the three 
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possible digester systems, the UCB and CSTR systems would, technically seen, be the 
most appropriate. However, the CSTR system should have a little preferenee over the 
UCB system because it proved to be reliable in Europe and it would use, increase 
and support the building up of indigenous technological capacity on this system. 

Both systems also fit in the overall energy policy of the ministry of water, energy and 
minerals, which is aimed at self-reliance and self-sufficiency in energy technology 
since most of the design and construction can be done locally, and the majority of the 
materials and components necessary can be bought locally. Of special interest are the 
objectives for transformation technologies (for example a biogas installation), which 
comprise. 

1 Initiate local manufacture of parts and components. 

2 Build up indigenous capabilities for design and construction of transformation 
technology. 

3 Preservation of the environment. 

All three ojectives are strengthened by the UCB and CSTR system, which can be 
build with about 90 % local materials and components, would increase the indigenous 
capabilities and would reduce the pollution of the rivers near the estate, the emission 
of greenhouse gasses and the deforestation (in case the biogas is supplied to the 
Iabour). Besides that, the generated electricity could be an important contribution to 
the total electricity generated in Tanzania. 
Both systems do also fit in another objective of the govemment which is aimed at the 
use of available organic material for energy production 

The financial and economie analysis showed that the UASB system is not a feasible 
option to choose because its NPV is negative even when an optimistic scenario is 
used. The UCB and CSTR systems both show a positive NPV and NNVA which 
makes them both feasible options, although the UCB bas some preferenee given its 
higher NPV, IRR and NNVA. From the two modelsof the UCB and CSTR, which 
have been analyzed, model 1 with only electricity generation as biogas application 
showed a higher NPV and NNV A than the model 2, which makes model 1 more 
feasible than the other one. Based on the NPV and the NNV A, model 1 is 
recommended. 
The lower NPV and NNV A of model 2 are mainly caused by the low revenues of 
biogas supply to the Iabour on the estate. The wages of the labourers do not permit 
them to spend much of their income on energy, therefore model 2 is not a feasible 
option although it would decrease the present deforestation around the estate. A 
solution for the deforestation which could be considered by TSA is using a few 
hectares of the estate to plant trees which could be used as energy souree by the 
labourers. The land requirements will be around 0.04 ha per household, which means 
a total area of 6 ha for 150 households. Whether this is a feasible option should be 
established by further research. 
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When the appropriateness and financial and economical analysis are taken together, a 
strange situation occurs since the appropriateness analysis showed a little preferenee 
for the CSTR system, and the financial and economical analysis showed some 
preferenee for the UCB system, although the differenees in design and operation 
between the two systems are not large. The major differenees between the two 
systems are the digesters, which are circular (CSTR) and rectangular (UCB), made 
from concrete (CSTR) and bricks (UCB), and operated at 37 C (CfSR) and 25 C 
(UCB). These differenees result in higher investment costs (mainly in civil works and 
plant machinery) which do result in a lower retention time but not in extra revenues. 
The UCB system should be considered as the best option when the pilot plant which 
bas been build at Muheze Mkumbi estate proves to be reliable. The reliability of the 
pilot plant could not be assessed during my stay in Tanzania sinee there were 
problems with the supply of sisal waste from dry-decortication. If the reliability of the 
UCB system is not confirmed by the operation of the pilot plant, the CSTR system 
should be regarcled as the best option. 

Overall it can be stated that biogas production from sisal waste is a promising new 
opportunity for the sisal industry in Tanzania. lt would both reduee the pollution and 
would increase the income of the estates. 
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