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ABSTRACT

The increase in the use of fossil fuels has led to an increase in Green House Gas (GHG)
emissions which are believed to be the main reason for global warming. The world is now
encouraged to use bioenergy as a solution in reducing GHG emission from fossil fuels.
Jatropha has received much interest as a feedstock for biofuel production because of its
minimal adverse effects on the environment and food supply. This crop is now cultivated
and processed at both Engaruka and Mpanda study sites as alternative source of energy
and income. Jatropha cultivation has economic and environmental impact due to its
various products such as seeds and its effects on land use change. Despite the production
of the crop in the country, there are no studies which have examined in details its
economic and environmental impacts. This makes the assessment of the economic and
energy balances of jatropha production in Tanzania using Life Cycle Assessment approach
necessary. The objectives understudy include describing jatropha based products, to assess
economic benefit of jatropha production to small scale farmers, to assess the energy
balance of jatropha production and finally to assess impact of the use of jatropha based
products on GHG emissions in the study sites. The findings show that farmers get profit
for high yield scenario 135 TZS/kg per metre. Also oil processing using hand press and oil
expeller show positive economic return of 1 200 and 1 421 TZS/litre respectively. The
environmental performance of jatropha is high due to low input application in the
cultivation stage. The ratio of biodiesel energy output to fossil energy input is 4.7. Also
results show that production and use of jatropha base products is associated with GHG
emission contributes 0.59 kg CO, eq, 0.014 kg CO, eq and 0.45 kg CO, equivalent for

cultivation, electricity and charcoal production respectively.
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CHAPTER ONE
1.0 INTRODUCTION
1.1 Background Information

The increase in the use of fossil fuels has led to an increase in Green House Gases (GHG)
emissions which are believed to be the main reason for global warming. In addition to
increased GHG emission, the increased use of fossil fuel and the fact that the stock for
such fuels is limited has led to rapid increase in their prices. High prices for fossil fuels,
affect the performance of the economies of countries such as Tanzania which depend
entirely on imports for their oil needs. Literature shows that Tanzania is among the
countries with no known oil reserves (CIA, 2008). In 2007 about 1.5 billion US$ which
was an increase of over 30% compared to 2006 was spent by the country to import oil
(BoT, 2008). The 2007 spending on oil imports was equal to 40% of the country total
export earnings. This share was likely to increase in 2008 due to continuous hikes of world
oil prices. The ever-aggravating situation made the Tanzanian government think about the

possibility of displacing fossil fuels with liquid biofuels (Philip, 2007).

The dependence on imported fossil fuel affect national gross domestic Product (GDP) and
hence pull down government strategy on eradicating poverty in rural area. Biodiesel was
the alternative source of energy emphasised by Intergovernmental Panel on Climate
Change (IPCC) presented in 2007 as cited by Philip (2007) that has less negative
environmental impact and has positive economic contribution to small scale farmers.
Among the important renewable or biofuels is bioethanol which is produced from
conversion of starch or sugar-rich biomass like sugar cane, maize and other cereals
feedstocks. Also biodiesel which is extracted vegetable plant oils (jatropha, oil palm and

rapeseed) after a process of esterification.



Jatropha curcas L. as a feedstock for biodiesel production has received much attention in
recent years due to its potential to contribute to the reduction of greenhouse gases (GHG).
Ndong et al. (2009) undertook an LCA with West African conditions that shows that the
use of biodiesel leads to 72% savings in GHG emissions compared with conventional
diesel fuel. Also jatropha plant has ability to grow in areas with low moisture means it can
be produced in semi-arid and arid regions (Francis et al., 2005, Jongschaap et al., 2007).
Due to its ability to grow on marginal lands and degraded soils jatropha is often thought of

as not competing for land with food crops (CRFA, 2006 and Philip, 2007).

Jatropha plant products (oil and press cake) save as alternative source of energy like
electricity generation using strait jatropha oil (SJO) instead of using fossil energy to run
the generator. The oil can also be used for lighting while press cake can be used as
charcoal for cooking, raw material for biogas production or as fertilizer. Reinhardt, (2007)
comment that for jatropha to have positive impact to the environment, press cake should
be used effectively. From 2008, Tanzania Ministry of Agriculture Food Security and
Cooperatives started to create awareness at all levels (farmers, private sector and
government institutions) and identifying potential crops for biodiesel production. Jatropha
is one of the crops that have been earmarked for promotion by the Ministry (TGPB, 2009).
Monduli and Mpanda are among the districts growing jatropha in plots and hedge farming
systems respectively. Also the market of jatropha seeds and its related products as
different companies working in these area buy them. Although the market is available and
the use of the crop as a source of energy is generally known to reduce GHGs, it is
important to estimate the economic and environmental impacts of producing and using the
crop in the country as they differ from one country to another due to differences in cots for

utilities and the production technology. Therefore, the scope of this study is to assess the



economic benefits, and Green House Gas (GHG) emissions in the value chain of jatropha

cultivation to end uses.

1.2 Problem Statement and Justification
The rapid growth of utilization of fossil fuels for industrial and transportation sector in the
world has negative impact to the climate due to the Green House Gas (GHG) emission
which is believed to be the main cause for global warming. The world is now encouraged
to use bioenergy as a solution in reducing GHG emissions from fossil fuel. Bioenergy is
the energy source that is obtained from biomass. Sugarcane, palm oil, soybeans, Jatropha
and rapeseed are the most common feedstocks for biodiesel production. Among these
feed- stocks jatropha curcas L was chosen as one of the prime crops due to different
factors including drought tolerance and its ability to grow in marginal land without
replacing food crop (Philip, 2007). In Tanzania different foreign companies including
DILIGENT, Sun Biodiesel and PROKON concentrate on jatropha feedstock for bioenergy
production. In 2006 the Tanzanian government launched the National Bioenergy Task
Force (NBTF) to establish a bioenergy policy as a strategy to steer the investments in this
sector. Unfortunately the policy is not yet developed which then hinders serious

investment (WWF, 2009).

Although Jatropha grows naturally in some parts of Tanzania such as Mpanda, Monduli
and Meru districts, its cultivation on industrial scale is a recent venture. Thus it is not
surprising that the economic and environmental impacts of jatropha cultivation and
processing are not known. Therefore the present study aims to use life cycle assessment
and life cycle costing approaches to capture economic benefits of jatropha cultivation as
alternative source of income and energy so as to determine the sustainability and economic

viability of this crop. Also the study assesses GHG emission and energy balance resulting



from using this crop as source of energy so as to compare with GHG emission resulting

from the use of fossil fuels.

1.3 Objectives

1.3.1 General objective

The main objective of this study is to assess the economical and environmental impact of

jatropha value chains in different environmental and social contexts in Tanzania.

1.3.2 Specific objectives

The specific objective are

il.

1il.

iv.

ii.

1ii.

iv.

To describe jatropha based products at Monduli and Mpanda

To assess economic benefit of Jatropha production to small scale farmers at
Monduli and Mpanda.

To assess the energy balance of jatropha production

To assess impact of the use of jatropha based products on Green House Gas (GHG)

emissions

1.3.3 Research questions
What are the main jatropha based product in the study area?
What are the economic benefits obtained form jatropha base products?
How much non-renewable energy is consumed to produce jatropha based
products?

How much GHG emitted per basic products?



1.4 Conceptual Framework
The study aims to evaluate the economic potential and GHG emission from jatropha
cultivation, processing and utilization processes. In order to determine the effects of the
production and use of biodiesel on the environment and the economic impact the
methodology of life cycle assessment (LCA) and life cycle costing were chosen. They
entail (the two approaches) evaluating the energy and resource consumption and all
pollutant emissions over the entire life cycle needed to satisfy a defined function (1 kg of
seed produced, 1 kg of oil produced and related aspect). All necessary inventory data for
biodiesel were collected from farmers and companies processing different products using
jatropha oil and complemented by additional data from literature. The impacts on the
environment were then first determined with the greenhouse effect which was assessed
from biomass cultivation to its energetic utilization. The selected biomass in this study
was jatropha crop as described previously. The co-products were also examined in this
study. There are co-products various production stages, which have environmental and

economic impacts. Figure 1 shows the conceptual framework on which the study is based.
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CHAPTER TWO

2.0 LITERATURE REVIEW
2.1 General Background of Biofuels

Biofuel is defined as source of energy derived from vegetable oils, such as soybean oil,
sunflower oil, palm oil and jatropha. Biofuel are in different forms including liquid form,
such as energy bioethanol, biodiesel and biomethane (Philip, 2007). This renewable
energy source is almost as efficient as fossil diesel but they are used in diesel engine after
the engine be modified because of different properties of engine including viscosity of the
biodiesel which reported to be low compared to fossil diesel. The biodiesel can be blended
with diesel fuel up to 100% and it has a higher flash point. The flash point is the minimum
temperature the fuel must be heated to ignite the vapour and air mixture Kenneth et al.
(2010). As reported by CRFA (2006) biofuels can be produced from a variety of
feedstocks. Example biodiesel can be produced from is produced from oil seeds including
jatropha seeds, oil palm, rape seeds while ethanol can be produced from starchy and sugar
crops like maize, rice, millet, sorghum and cassava, to mention a few. On the other hand,
the main sugar crops which are commonly used as feedstocks for producing ethanol are

sugarcane and sugarbeet (Philip, 2007).

2.1.1 Feedstock for ethanol production in Tanzania
Tanzania is also rich in feedstock for ethanol production as a substitute for the gasoline
consists in sugar or starch. According to Philip (2007) many sugar and starch crops can be
found locally in Tanzania such as sugar cane, millet, potatoes, sorghum, sweet potatoes,
wheat, cassava or maize. The production of fuel ethanol is only possible in large scale

factories because a simple distillation is not enough to remove the water completely.



2.1.2 Bioethanol conventional production
According to IEA (2007) Bioethanol is the most common biodiesel, accounting for more
than 90% of total biodiesel usage. Conventional production is a well known process based
on enzymatic conversion of starchy biomass into sugars, and/or fermentation of 6-carbon
sugars with final distillation of ethanol to fuel grade. According to Philip (2007) Ethanol
can be produced from many feedstocks, including cereal crops, corn (maize), sugar cane,
sugar beets, potatoes, sorghum, and cassava and. The world’s largest producers of bio-
ethanol are Brazil (sugar-cane ethanol) and the United States (corn ethanol). Ethanol is
used in low 5%-10% blends with gasoline (E5, E10) but also as E-85 in flex-fuel vehicles.

In Brazil, gasoline must contain a minimum of 22% bioethanol (IEA, 2007).

2.2 An Overview of Biodiesel Production
Biodiesel is the type of energy which is produced after the reaction of two main inputs that
are vegetable oil and wood alcohol (the process of biodiesels production is known as
trans-esterification process). This process creates two outputs, biodiesel and glycerol
(Kenneth et al., 2010). In case of jatropha Withaker, (2009) adds that 1 kg of jatropha oil
produce 0.079 kg of glycerine with energy content of 25.6 MJ/kg. Like other process in
biodiesel production, jatropha oil is mixed with methanol (at a methanol to oil ratio of 0.8
v/v) and 1.5 wt% of sodium hydroxide (NaOH) based on the weight of oil. After chemical
reaction of 50 °C for 90 minutes, about 95 % of oil is converted into biodiesel (Lee, 2009).
The largest biodiesel producer is Germany, which accounts for 50% of global production.
Biodiesel is currently most often used in 5-20% blends (B5, B20) with conventional
diesel, or even in pure B100 form (IEA, 2007). Santosh (2007) report that the driving
forces behind increasing biodiesel production in the world include low commodity prices
for feedstocks used to produce biodiesel, environmental concerns with continued diesel

use, and national security concerns about increased usage of foreign crude oil in the



country. Example in India the government plans to increase the use of biodiesel due to
limited domestic crude oil reserves where about 72% of its crude oil and petroleum
products (diesel, aviation fuel) requirement through imports, which are expected to expand
further in coming years. Also in US the expansion of use of biodiesel increases after the
September 11" 2001 terrorist attack where the federal government considering a

renewable fuels standard that increase biofuels usage.

According to David, (2002) report that, biodiesel emissions are essentially free of sulphur
and aromatics and have less hydrocarbons, carbon monoxide and particular matter and
hence be more environmental friendly than fossil fuel in terms recycle carbon dioxide
mitigating greenhouse gas emissions and in turn slow down climate change (Kenneth et
al., 2010). GHG emissions cause climate change and substituting fossil fuels by biodiesel
is assumed to result in an advantageous GHG balance. Much fossil fuel is consumed in
transportation, industrial production and agricultural sector (production of fertilizer and
pesticides). Crutzen et al. (2008) document that, the use of fertilizer in bioenergy
production can lead to N,O emissions which might offset CO, savings because the global
warming potential (GWP) of N,O is 296 times higher than that of CO, (Prather et al.,
2001). The important feedstock for biodiesel production includes rapeseeds, sunflower
seeds, soy seeds, palm oil seeds and jatropha seeds from which the oil is extracted

chemically or mechanically.

2.2.1 Feedstock for biodiesel production in Tanzania
There are several promising oil plants available in Tanzania. For the biodiesel production,
crops with a low input and a huge oil production are the most valuable. The potential oil
crops that can be found locally in Tanzania country are namely jatropha, coconut and

castor oil plant. However, exploitation of these crops for oil production is not the priority



10

of the country due to different factors including issue of food security. The most
promising crops for the production of plant oil that can be used as feedstock for biodiesel

production as describe by Philip (2007) in sub-sections below.

2.2.1.1 Jatropha (Jatropha curcas L.)

Jatropha plant is a large shrub which grows in arid conditions and produces an oil bearing
fruit and sustain in poor soil and drought resistance crop (Jongschaap et al., 2007). Many
land areas are suitable to grow Jatropha curcas L. in Tanzania. Currently this crop is grow
for economic purpose in Arusha and Rukwa regions while the remaining region cultivate
jatropha as a traditional crop for different uses and not as source of energy. This crop is
among of the high potential crop in Tanzania because it did not entering into competition
with food crop plantations (Philip, 2007). The lifespan of this crop can rich 50 yeas o f age
and the more advantage is that is planted once. The oil content of the jatropha seeds ranges
between 28% and 42%. The yield of Jatropha plant is still unclear at different part of the
world. The oil can be used in modified plant oil engines and also be transesterificated into

biodiesel for the normal diesel engine.

The propagation method used in planting jatropha including cutting and seedling. If
seedling is used the average space required is 3m x 3m where in a land size with 1 hectare
will have a total number of 1 110 trees if the germination is 100% (Blesgraaf, 2009).
Atchen et al. (2007) pointed out different uses of jatropha plant including living fence and
for the farm boundaries or bolder demarcation from one farm to another; other use is
medicinal purposes as it is used as an external application for skin diseases and
rheumatism and for sores on domestic livestock. In addition, the tender twigs of the plant
are used for cleaning teeth, while the juice of the leaf is used as an external application for

piles. Finally, the roots are reported to be used as an antidote for snake-bites. Jatropha
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plant also provides additional uses include source of income to household members by
selling seeds and the most profound advantages and uses is the source of energy including

electricity generation using jatropha oil.

2.2.1.2 Castor oil plant (Ricinus communis)

Castor is a widespread plant in tropical regions. It is a fast growing, perennial shrub,
which can reach a height up to 20 meters. This crop is also characterized by resist to
drought season and also can be grown in marginal land. The fruits do not come to
maturation at the same time. This makes the harvest complicated because the mature fruit
bunches must be selected first and then picked by hand up to five times per year.
According to The seeds of castor contain a high amount of oil (up to 60 to 17%) and a
high yield of oil per hectare (0.4 to 1.8 tons / ha) can be exploited. Besides the use of
biodiesel, castor oil can be used for medicinal and chemical purposes. The oil has a
substantially higher viscosity than other plant oils. Therefore, using it for engines could
cause technical problems in the fuel injection. In Tanzania this crop is grown in northern

part of Tanzania including Arusha and Kilimanjaro.

2.2.1.3 Palm oil

Palm oil is the perennial plant with an average lifespan of 30 years. The main
characteristic of this crop include good climatic condition with high humidity and
temperature. It is mainly found in costal area where the average yield of palm tree is about
7 tons oil per ha and year. In Tanzania palm plant is grown in Kigoma region and its oil is
used for domestic purposes. The utilization of this crop as source of biodiesel production
is not in government agenda because it is labour intensive and it competes with food

crops. This plant take three years to the harvesting time after planted.
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2.2.2 Cost of biodiesel production from different feedstocks
Costs of biodiesels are highly dependent on feedstock, process, land and labour costs, and
credits for byproducts, agricultural subsidies, food (sugar) and oil market. Ethanol energy
content by volume is two-thirds that of gasoline, so costs refer to litre of gasoline
equivalent (Ige). Sugar cane ethanol in Brazil costs $0.30/lge free-on-board (FOB). This
cost is competitive with that of gasoline at oil prices of $40-$50/bbl ($0.3-$0.4/Ige). In
other regions, costs can be more than $0.40-$0.50/lge, although potential exists for cost
reduction. Ethanol from maize, sugar-beet and wheat cost around $0.6-$0.8/Ige (exclude
subsidies), potentially reducible to $0.4-$0.6/Ige. Biodiesel from animal fat is currently the
cheapest option ($0.4-$0.5/lde) while traditional transesterification of vegetable oil is at
present around $0.6-$0.8/lde. Cost reductions of $0.1-$0.3/lde are expected from

economies of scale for new processes.

2.2.3 Energy input and emissions
Based on IEA, (2007) report, Fossil energy inputs and emissions levels from biodiesel
production are sensitive to process and feedstock, to energy embedded in fertilizers, and to
local conditions. Production of ethanol from sugar cane (Brazil) is energy-efficient since
the crop produces high yields per hectare and the sugar is relatively easy to extract. If
bagasse is used to provide the heat and power for the process, and ethanol and biodiesel
are used for crop production and transport, the fossil energy input needed for each ethanol
energy unit can be very low compared with 60-80% for ethanol from grains. As a
consequence, ethanol well-towheels CO, emissions can be as low as 0.2-0.3 kgCO2/litre
ethanol compared with 2.8 kg COylitre for conventional gasoline (90% reduction).
Ethanol from sugar beet requires more energy input and provides 50-60% emission
reduction compared with gasoline. Likewise Ethanol production from cereals and corn

(maize) can be even more energy-intensive and debate exists on the net energy gain.
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Estimates, which are very sensitive to the process used, suggest that ethanol from maize
may displace petroleum use by up to 95%, but total fossil energy input currently amounts
to some 60-80% of the energy contained in the final fuel (20% diesel fuel, the rest being
coal and natural gas) and hence the CO, emissions reduction may be as low as 15-25%
compared gasoline. Similarly Energy input and overall emissions for biodiesel production
also depend on feedstock and process. Typical values are fossil fuel inputs of 30% and
CO, emission reductions of 40-60% vs. diesel. Using recycled oils and animal fats reduces

the CO, emissions

2.2.4 Biodiesel companies in Tanzania
Jatropha oil is among of the important feedstock for biodiesel production in different
countries in the world including Germany and France. Other countries are India and
Malyasia as reported by (Withake; 2009 and Lee; 2009) respectively. The feedstock for
this product is available in Tanzania regions as indicated in Table 2.1. In recent years from
2006 many foreign companies stated to invest in different biofuels feedstocks in different
part of the country. More than 2/3 of all the companies focus on jatropha as a potential
feedstock for biodiesel production. In Tanzania the production of Biodiesel from jatropha
oil is not in place currently due to many factors as reported by Philip (2007) including the
cost of feedstock, which varies among countries, depending on land availability and
quality, agricultural productivity, and labour costs; processing costs, which depend on the
feedstock used, plant size and location. Example DILIGENT process jatropha oil and
export the oil to European countries while the other companies including PROKON still in

the initial stage of machine installation.
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Table 2. 1: Examples of enterprises running biofuel projects in Tanzania

Name of enterprise  County of origin Location Crop

SEKAB Sweden Bagamoyo Sugarcane
Kakute Tanzania Arusha Jatropha
Diligent The Netherlands Arusha Jatropha
Prokon Germany Mpanda Jatropha
SunBiofuels Great Britain Kisarawe Jatropha
TaTEDO Tanzania Arusha Jatropha
FELISA Tanzania, Belgium Kigoma Oil palm
Abengoa Spain Bagamoyo Sweet sorghum
WILMA USA Biharamulo Croton spp.

Source: Loos (2009)

2.3 Biodiesel policy developments in Africa
Before biodiesel boom in 2006, different countries in Africa were in a move of
establishing policies on liquid biodiesel as strategy of combating oil dependence economy
and climate change. African ministers signed the Statement on Renewable in Africa in
Nairobi in 2004, which calls for, inter alia, promoting the sustainable production of
biomass and its efficient use in all sectors and enhancing the development of renewable.
Then in 2007, the first “High-level biodiesels Seminar in Africa” was held in Addis
Ababa, Ethiopia. The seminar concluded with the adoption of the “Addis Ababa
Declaration on Sustainable Biodiesels Development in Africa” and an Action Plan
(Conliffe and Kulovesi, 2008) as cited by (Wahl, 2009). The plan encompasses the
development of ethanol, biodiesel, biogas, biomass gasification, and cogeneration as
priority sectors, and contains a number of cross cutting programme areas, including policy
and institutional frameworks, financing mechanisms, resource assessments, capacity
building and strengthening technical expertise. All these strategies indicate that African
countries aim to have biodiesel policy that will guide the effective use of clean energy
sources. It is until today their process of biodiesel policy formulation for many African
countries is still in the early stage. Wahl, (2009) report that the Kenyan Ministry of

Agriculture in collaboration with GTZ (German Agency for Technical Cooperation)
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recently published a Roadmap for biodiesels in Kenya (MoA/GTZ, 2008) which identify

jatropha as a major future biodiesel feedstock.

2.3.1 Why biodiesel policy in Tanzania
The importance for having biodiesel policy in Tanzania base on the fact that, the country
has enough potential feedstock for biodiesel production that the Tanzania are not yet
benefit on them. Also Tanzania is major fossil fuel importer and for some years the price
of fossil fuel contributes to increase in living expenses for low income Tanzanian mostly
in rural area while they are in good position of using their local resource in biodiesel
production (GTZ, 2005; Sawe, 2007; and Philip, 2007). Fuel imports are a major
component in the country’s current account deficit. In response government policy is to
promote energy self-efficiency in order to reduce the vulnerability of the country to
external forces. In order to achieve this, the use of imported fuel for transportation but also
electricity generation should be gradually substituted by domestic production of renewable
energy sources based fuels. For this purpose, it now becomes crucial to establish an
adequate policy framework that focuses on the promotion of both fossil fuels use
efficiency and use and development of biodiesels in the country. In order to develop
feasible operational strategies that are viable in the long term, the full system to develop

should be beneficial and sustainable.

2.3.2 Biodiesel policy development in Tanzania
Although economics play a significant role in biodiesel production and use, it is often the
cases that clear political objectives and commitments will finally lead to success (UNCHS,
1993). As reported in TGPB (2009) the government of Tanzania started to take into
consideration the biodiesel production as one of the potential sector that needs

improvement. A biodiesel policy task force was developed in 2006 but till the end of 2008
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the government remained silent on that policy while the level of private sectors investment
in this potential field of production is increasing. The study conducted by UNCHS (1993)
comments that bioenergy was not taken serious in developing counties because it is used
in rural areas. The study also adds that lack of information is an important factor that
hinders policy development. The studies carried in Tanzania by (GTZ, 2005; Sawe, 2007;
Philip, 2007; and Messemaker, 2008) unveil important findings on the potential feedstock
and the level of productivity of these feedstock as potential for biodiesel viability in
Tanzania. The studies also describe the risk and alternative way forward related to
biodiesel investment in the country. Base of there findings the government was in good
position to use there finding as base to facilitate biodiesel policy development. The lack of
biodiesel policy hinders government in benefiting from biodiesels production (GTZ,

2005).

2.4 Jatropha Crop Cultivation and its Productivity

Jatropha is non edible crop that can grow even in marginal land. This crop is potential
feedstock for biodiesel production because it did not replace or compete with food crop.
GEXSI LLP (2008) conducted a study about Global Market on jatropha and reported that,
there are approximately 900 000 hectares of land cultivated in the world for Jatropha and
more than 85% of the land cultivated is located in Asia. Africa and Latin America count
for approximately 120 000 and 20 000 hectares of cultivated land respectively. In
Tanzania there about 17 800 ha of Jatropha cultivated land under large foreign companies
including PROKON Company at Mpanda, Sun Biodiesel Company at Kisarawe (Philip,
2007 and Loos, 2008).

Yield from jatropha crop is still unknown. Different studies present yield range from 2 to 9
tons per hectare and year for matured plant of an average of 4 to 6 years. Heller; (1996)

and Tewari; (2007) report that, semiarid and cultural wasteland yield range from 2 to 3
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t/ha but the yield may rich up to 5 t/ha at optimal environment of annual rainfall 900 to 1
200 mm. While Jongschaap et al. (2007) report a yield range from 1.5 to 7.8 t/ha and van
der Land (2007) report a yield of 9.9 t/ha/year. The variation of yield reported in different
literature are some difficulties to interpretation due to various reasons including farm
management system used in the area yield reported, soil fertility and also the propagation
method used. In case of Tanzania KAKUTE, Eijck, (2006) (Diligent, Arusha) are among
of the companies dealing with jatropha crop for many years. In (2006) KAKUTE report 1
600 kg/ha of jatropha seed yield from the fifth year onwards and Van Eijck (Diligent,
Arusha) he also report an average yield of 2 to 3 kg per plant of jatropha which is matured
at semi-arid area. The low productivity of jatropha in Tanzania hinders the use of this

feedstock for producing biodiesel in Tanzania.

2.4.1 Jatropha oil processing and uses
Hand press machine and screw press machine are common pressing technology used to
press jatropha seed. According to Beeren (2007) report that, the efficiency of hand press
technology is 71.1% and its capacity is to press 3 kg of jatropha oil per hour where 5 kg of
dry jatropha seed produce 1 kg of jatropha oil and 4 kg of press cake. Screw press machine
is another type of technology reported by (Beeren, 2007 and jatropha handbook, 2009)
which they report that, the efficiency of this technology is 80%. Also Henning (2000)
finds that the screw press machine has an efficiency ranging from 75% to 80%. Beeren
(2007) adds that 4 kg of seed yield 1 kg of jatropha oil and 3 kg of press cake. Electricity

consumption by screw press machine differs according to its capacity.

According to Strujis (2008) jatropha oil has different uses including source of energy in
electricity production, transportation, raw material for soap production, medical use and

also as insecticide. With the potential uses of jatropha oil it is reported that about press
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cake is the co-product from oil pressing. This product contain about 50 to 65% of protein
so it potential raw feedstock for fertilizer and biogas production. Henning (2000) report
that the nutrient composition of press cake is nitrogen 3.2— 4.44%, Phosphorus 1.4-2.09%
while Potassium is 1.2-1.68%. The economical use of jatropha press cake was again
stressed by Beeren (2007) due to the remaining amount of oil in the press cake. Also the
press cake can be used as raw material for charcoal making using retort technology,
feedstock for biogas and used as fertilizer. In Tanzania electricity production using
jatropha oil pull majority of rural farmers especially Engaruka and Meru to cultivate this
crop as alternative energy sources. Electricity production from jatropha oil is described as

follows.

2.4.2 The use of jatropha husks materials
Jatropha fruits contain 2 to 3 seeds and have 3 husk shells where 1 kg of jatropha fruits
contains 0.6 kg of jatropha seeds and 0.4 kg of husks. Likewise the jatropha husk materials
are used as source of fertilizer. After pilling them out the husks are thrown in the field and
decompose as organic fertilizer. The nutrients content (NPK) ratio of husk as reported by
Jongshaap et al. (2007) is N 0.011 kg, P 0.02 kg and K 0.059 kg as compared with cow
manure which contains N 0.038 kg, P 0.051 kg and K 0.015 kg. Due to the nutrients
contained in husk, they substitute cow manure example 25.5 kg P of cow manure

compensate 1 Kg P of husks.

2.4.3 Electricity production from jatropha oil
(Sawe, 2008 and Gmiinder et al., 2010) document the potential of jatropha as source of
energy in rural area where the national electric grid is not accessed by rural farmer.
Gmiinder et al. (2010) assesses electricity generation using jatropha oil in India where he
comment positive environmental saving from energy production using straight jatropha oil

as compared to fossil energy. Sawe (2007) report that in 2006 TADEDO Company installs
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litre Engine coupled to alternator, grain mill, oil seed press, de-husking machines and
battery charging facility at Engaruka. The engine has capacity of 10 HP or 7.5 kWh and
energy consumption of 2.19 kg SVO per hour. This machine operates at a capacity factor
of 33% and save more than 50 to 100 households at the optimal 35% efficiency if 100%
load. Similar technology was reported by Gmiinder et al. (2010) in his study conducted in
India. Wijgerse (2007) in his study on Jatropha for rural electrification in Tanzania; a case
of Engaruka present that, the cost of press machine is TZS 3.2 Million, filter press is TZS
1.8 million and 1 million for adoption engine while the cost of oil storage is TZS 0.12

million and TZS 2.5 million for seed storage.

2.5 Economic Assessment of Jatropha Cultivation and Processing
This section intend to describe the economic rational of biodiesel feedstock production in
Tanzania base cost related to production. According to Kenneth et al. (2010) categories
the oil feedstock costs are as endogenous and determined within the agricultural model,
while biodiesel prices, feedstock processing, capital, storage, and transportation costs are
considered as exogenous cost and fixed. In regard of these costs, the biodiesel production
costs include costs for labor, overhead, methanol, catalyst, electricity, natural gas, steam,
water, waste disposal, local taxes, insurance, and maintenance. The operating costs depend
on which oil source is converted to biodiesel. Therefore base on the cost analyses above,
the economic analysis of Jatropha cultivation and processing base on the cost of feedstock
produced and the price of feedstock as compared to final product. Philip (2007) attributed
that, the costs of producing bioenergy are 601 and 648 TZS/L for palm oil and Jatropha
respectively. Where if compared with current market price of jatropha oil of 2 500 TZS,
and the price of feedstock seeds which is an average of 800 TZS to produce l1liter of
jatropha oil there is economic potential in this sector. The study also concludes that, the

use of sugarcane and jatropha for producing bioenergy would increase the net returns for
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the producers of those crops by 28 and 53% respectively. The challenges that face jatropha
production are the low price of seeds which is determined by price of fossil energy.
According to Tilman et al. (2006) report that potential of jatropha production (cultivation
and processing) at the household income will be realised if more efficient and modern

jatropha processing is imposed.

2.6 Life Cycle Assessment (LCA)

Life Cycle Assessment (LCA) is a technique used to estimate environmental aspects and
potential impacts associated with a (system under study) product, process, or service. This
is through compiling an inventory of relevant energy and material inputs and
environmental releases, evaluating the potential energy balance and greenhouse gas
emissions associated with identified inputs and releases; and interpreting the results to
support more informed decision making. ISO 14040 and ISO 14044 (2006) describe
important aspects to be considered under environmental impact assessment using LCA
methodology which includes; Goal and scope, Life Cycle Inventory (LCI), Life Cycle
impact assessment (LCIA) and Interpretation. According to SAIC (2006) LCA evaluates
all stages of a products life. This is similar to what Prueksakorn and Gheewala (2006)
reported as one of the most internationally accepted methods to determine the
environmental impacts over the entire period of the activities, products, and process for
identifying significant environmental aspects is life cycle assessment (LCA). The
assessment includes the entire life cycle of the product, process or activity, encompassing
extracting and processing raw materials; manufacturing; transportation; and distribution;
use/re-use/maintenance; recycling; and final disposal.

There different LCA studies conducted in different part of the world that assesses
environmental performance with reference on GHG emission and energy balance result

from use biodiesel as source of energy compared to fossil fuel. Such studies include the
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study conducted by Prueksakorn and Gheewala (2006) that focus on energy consumption
and greenhouse gas (GHG) emissions from jatropha biodiesel production and use as
compared to conventional diesel fuel for use in transportation in Thailand using a life
cycle approach. The result of the study shows that the process of transestrification is
among of processing activity that consumes more 40% energy than other energy demand
in cultivation process including irrigation 23% and application of fertilizer 22% process.
In respect to global warming potential the study report that the dominant global warming
potential came from the production or use of fertilizer and irrigation process, about 31%
and 26% respectively. In respect to transportation sector Gmiinder et al. (2010) make a
focus on jatropha based rural electrification in India. The study aims to assess the
environmental sustainability of that electrification project. In his study it was concluded
that the environmental performance result from rural electrification using jatropha oil is
only slightly improved due to the high air pollution from pre-heating the jatropha seeds.
The study compare with other electrification approaches such as photovoltaic (PV), grid

connection and a diesel-fuelled power generator.

Apart from jatropha feedstock there also different studies that compare the performance of
biodiesel result from jatropha and other potential biodiesel feedstock such as palm oil and
soy beans. Lee (2009) conducts a study on LCA that compare the scenario of palm oil and
jatropha oil to biodiesel in Malaysia. The assessment includes the cultivation of crop, oil
extraction and biodiesel production. All these stage was compared base on energy balance
(input out put) energy and environmental consequences including land use and potential
carbon dioxide sequence. The study concludes that palm oil as feedstock for biodiesel
production is superior and sustainability compared with jatropha oil in terms of energy
balance and carbon sequence. In the study conducted by Zah et al. (2007) pinout that not

all biodiesel energy sources (feedstock) are environmental friendly. Different criteria were
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used by LCA studies for potential biodiesel feedstocks. Among of the criteria includes
GHG reduction of at least 30% as compared with the fossil reference and no increasing

impacts in other relevant environmental impacts as compared with the fossil reference.

2.7 Energy Balance and Greenhouse Gas (GHG) Emission from Jatropha
Biofuels in Tanzania
2.7.1 Energy balance

Energy balance is defined as energy stored per energy for production. Energy balance
result from jatropha biodiesel is assessed base on land use, cultivation intensity and
processing (Achten et al., 2007). The energy required (energy input) is then compared
with energy output. Base on this fact cultivation of jatropha is referenced to be energy
intensive if the mechanization process in involved including the application of fertilizer,
use machine in land preparation and the use of pesticides or irrigation that all of these
energy consume fossil fuel in manufacturing process. In the seed harvesting and oil
extraction is another area considered in energy input if the farmer use manual labor less
energy will be used in harvesting compared to the use of machine in harvesting. Similarly

the use of mechanical oil extraction is less energy demand compared to solvent extraction.

In case of developed countries where the process of biodiesel making taking place the
transesterification process is reported to consume more energy while the disposal of the
wastes product demand enough energy. But what is special under energy balance the
comparative analysis on energy consumed in any step of production base on the energy
output such as biodiesel, glycerol, seedcake, fertiliser and biogasification. The LCA study
conducted by Lee (2009) focusing on energy balance of palm biodiesel and jatropha
biodiesel find that the energy balance ratio for palm biodiesel is 2.27 slightly higher than

that of jatropha biodiesel 1.92 but the study conducted by (Tobin, 2005, Prueksakorn,
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2006 and Achten et al., 2007) find a positive energy balance of jatropha biodiesel after
allocating the energy input to the different products (end product and by products) though
the report added that the energy balance may also become less positive after

transestrerification and without use of by-products as source of energy.

The potential aspect under the focus of energy balance in this study relies on the central
point of environmental saving. Since biodiesel is reported to be more environmental
friendly the relation of energy produce and consumed are causal in this study as compared
with fossil fuel. One may say the energy input is less than energy output but further focus
need to trace the MJ per kg CO, produced (MJ/kg) which lists the energy produced per
kilogram of CO, produced. This is a measure of the potential environmental impact of the
use of the substance as a fuel with respect of the release of CO,. The more CO; released by
a certain type of energy the worse it is for the environment. Achten et al. (2007) stress
majors’ impact on the energy balance is observed when farming inputs like fertilizer or
pesticides are applied while Ndong et al. (2009) report high 72% performance of jatropha

cultivation on energy balance.

2.7.2 Greenhouse Gas (GHG) emission
GHG emission is the central focus on climate change. Different nations develop different
strategies to cut down the carbon emission result from the consumption of heavy metal
and fossil fuel in production. Base on Achten et al. (2008) alternative source of energy
(Biodiesel) was established to combat the negative impact result to the use of fossi