FEASIBILITY STUDY OF JATROPHA
CURCAS AS A BIOFUEL FEEDSTOCK IN
KENYA

Lisa Kallback
Exportradet/SwedisfiradeCouncil

Benard Muok, PhD
African Centre for Techrogy Studies

(ACTS) Embassyf Sweden

Gigiri Court, off United nations Avenue, Postal address: P.O BEY600
P.O. Box 4591700100 GPO NAIROBI, KENYA

Nairobi, Kenya Physical address: Eden Square
Tel (office) 254(020)7126894/5, 712 Tel: +254 20 3741788

6890, 7126889 Mobile: + 254711 625 308

Email: b.muok@acts.or.ke -
bmuok@yahoo.com Fax: +254 20 4452008

http:/www.acts.or.ke lisa.kallback@swedishtrade.se
www.swedishtrade.se
www.swedishtrade.se/kenya

OVATAQ,V

AT ¥

African Centre for Technology Studies ~ o
§

Y04 sv"a

EXPORTRADET =
P 4

SWEDISH TRADE Councn

s
IS

e

October 2008


mailto:b.muok@acts.or.ke
mailto:bmuok@yahoo.com
http://www.acts.or.ke/
http://us.mc555.mail.yahoo.com/mc/compose?to=lisa.kallback@swedishtrade.se
http://www.swedishtrade.se/
http://www.swedishtrade.se/kenya

Table of Content

1.0 EXECUTIVE SUMMARY ...coiiiiiiiii et veeee e nees s ssnneeeees ii
P2 O N [ 11 o T [V o1 1 o] TR PPPPPP 1
2.1 General INtrOJUCTION.........coiieiiiiiiii ettt a e e e e e e e e e e e eeens 1
2.2 Scope Of the STUAY........cooiiiiiiie e 1
pZRC T = = Tod 1o | {01 U o o HR P 1
2.4 PUIPOSE Of STUAY....cciii i e e e eeee et e e e e emnnes 3
O Y/ 11 1 gTeTo (o] (o | v/ PP PP PPP PP STRPPPPPPN 3
4.0 The World ENVIFONMENL......coiiiiiiiiieeie i e e ees 4
4.1 Production and international trade...............coouvviiimmmeiieiiiieeiiiii e 4
4.2 World current and fUtUre trends.............eeeeeeeiiiiieceiiiiiieeeeeee e 4
4.3 The jatropha programs in INdia.............cooooiiiimmmn e 5
5.0 Jatropha Industry Development in Kenya............oeeeeeiiiieeeiiiei e e 6
5.1 Why Biofuel in KENYAZ.......ooiiiiiiiiiieee e 6
5.1.1 Poverty and environmental degradation.............ccccoeeiiiecevvvvvvniiinieneeennn. 6
5.1.2 Clean ENErgY SOUICE.........cuuuueaeeeiii e e e e e e e A
5.1.3 High cost of fossil fuel and dependence on fossil.gil...................evveeee.... 7

6.0 Opportunities for Jatropha Industry Development............ccccovvvvieeeeei e eeeeeee 7
6.1 Geographical Condition and ClIMaLe..............cceiiieiiieceiiiiiiiiiee e eeeeenn 7

G A C1 =TT [ r=T o] PP PPPPPPP PP 7
B.1.2 ClIMALE......uuiiiiiiiiiiiiiii ettt e e e nnne e 8
6.1.3 POPUIALION ... ee e e e e e e e e e e e e e e e s s 8

6.2 Natural Resources and Land USE............cuueiiiiiiieeeiiiieiieiiiieeee e 9
6.2.1 NALUIal FESOUICES. ... uuii i e i e e e eeeee e enme e e e e e eeer s 9
B.2.2 LANG USE.. ..ottt eee et e e eenss st eeeee e e e e e e e e e e e s smmreeaaaees? 9
6.2.3 Environmental faCtOrS..........cooeeeeiiiiiieiieeee e eeeeeeeeeeeme e 9
6.2.4 NALIONAI BSEIVES ... .uuiiiiiiiiiiiiiieeeetieeetttii ettt ee e e e e eaaa e e e e s amreeaeaaeaeeeaaaaesanannnnd 9
6.2.5 AGFICUIUIE. .....uiiiiiiiiiiiii e 10
6.2.6 Land areas for Jatropha production..............cccceeiiveeeivviiiiiiiiee e 11
6.2.7 Environmental impact of growing and manufacturing Jatrapha............ 14
6.2.8 Current status of production of Jatropha in Kenya................cccooveeee... 16

6.3 Current Economy Situation in KENY&a..........cceviiiiiiiiiieemieiiieeeeee e 16
6.3.1 General eCONOMIC SItUALIAN. .......uuviiiiiiiiiiii e 16
6.3.2 CUrrent MaCrO ECONOIMUC. ... .uuiieeeeeeeeeeeeeieeesaeeaaeeeeeeeeeeeeeeeeeneannneeeeeeeeeeeees 18

6.4 Infrastructure and ULIITIES...........oooiiiiiiiiiiee e 20
Gt I Lo - T U 20
6.4.2 RAIIFOAAS .....coiiiiieieiiee e e en s 20
B.4.3 POITS. ..t e s 21
6.4.4 INlaNd WateIWaYS........coeieeiii et e e enme e e e e enaa s 21
6.4.5 Civil Aviation andAINPOITS .......ceviiiiiiiiiee e 21
B.4.6 PIPEIINES......coiiiii e ————— 22
6.4.7 TeleCOMMUNICALIONS. .........uuerieiiiie e e e e e e e e e e s anensa e e e e e e eeeeaaes 22
6.4.8The agribusiness and its support iINSttUtIONS..........ccooeevviiiiicciiin e 22

6.5 Government and POIILICS . ........uuiiiie e errer e e e e e e e e eees 24
6.5.1 GOVEINMENT SITUCTUIE. .....cciiiiiiiie ettt e e m et eeeeeeees 24



6.5.2 Politics and political Parti@s...........cooeeriiiiiiccc e 26

6.6 POlICY ENVIFONMENL........uiiiiiiiiii i e s e e e e e e e e e e e e e eeees e e e e e e e e e e e eeeeeeennannnes 27
6.6.1 Land tENIB [AWS.......cco e eeee s 27
6.6.2 Energy policy and regulation................ooovviiiimeee i 28
6.6.3 Policies supporting direct foreign investment (DEL).................uvvvieee... 30
6.6.4 Other supporting policy frame WOork.............ccooevvviiieeen e 39

6.7 TaxesS and INCENTIVES ........coeeeiiiiiiiiiiime ettt eee e e e e e e e eeaeas 43

7.0 How tostart Biodiesel BUSSINESS iN KENYA.......cccceeeeeeiiiiiiiieeeii e 44

7.1 Acquiring and uSIiNg [aNd............oooiiiiiiiiiiic e 44

7.2Environmental ProteCHIONS..........oiviiiiiiiiiiiicmme e 46
7.2.1 Environmental impact assesSSmMents (ELA).........ueiiiii e 46
7.2.2 Water POIHULION........uueeiiei i eee e e e e e e e e e e e e eaannannd 47
7.2.3 HAazardOUSNEMICAIS.........coviiiieeeiiiiiicmce e 47
7.2.4 Waste and byproduct diSpOSal..............cceiiiiiiieceiiiiiiiiie e eeeeeeeen 47

7.3 Equipment purchase and importation..............cooeveiiiieemeeieieieeeeeeee e 48

7.4 Licensing for trade and iNVeStMENL...............vvviiiiiicccri e 48

7.5 Purchase, domestic movement and importation of seeds & other genetic materials

........................................................................................................................... 49

7.6 Local facilities and markets available for the Jatropha.plant..................... 50

7.7 Funds available for Jatropha inVeStMENLS...........ccceeiiiiiicecciiicccce e 50

8.0 Conclusions and Recommendations.............ouvvvvuviimemreeeeeeeeeeeeeieennnnsmmeeeeeees 51
8.1 CONCIUSIONS. ....eeiiiiiiiiiiee et rree bbb enensseeeeees 51
8.2 RECOMMENUALIONS .....uviiiiiiieee s e e e e e et e e s e e e e e e e e e e e e e eanees s e e e e e e eeaaeeeeeeeeeeennnnns 52

9.0 RETEIBNCE. ...t 53



1.0 EXECUTIVE SUMMARY

This report of a study designed to assess the feasibility of development of Jatropha
industry in KenyaThough Jatropha has generated enormoudes®ent in the country,

there is little information on its feasibilityThe scope of the study was to assess the
opportunities available in Kenya for production and manufacturing of Jatropha. The study
looked at the geographic and climatonditions,envionment and land use, economic
condition, infrastructure and policy environment. In addition and feasibility study was
also meant to come up with recommendations that will provide an enabling environment
for the production of biodiesel as a commercial fod{enya.

The term bioenergy is used to refer to energy deriven from one of three sources:
Bioresources (natural wood growth), Biowaste-flbgducts from human Agricultural

and Industrial Processes) and Biofuel (crops purpose grown for enBrggheselis a

liquid substitute for petroleuthased diesel fuel made using vegetable oil derived from a
wide variety of oilbearing plants sin as castor, coconut, crotorgtrdpha, rapeseed
(canola), and sunflower. Waste vegetable oil can also be used forskilodignlike

et hanol , which has sever al mar kets aside
alternative source of fuel for transport and stationary power.

The feasibility study was motivated by the growintgrest in biéuel worldwide fuelled

by thedemand from developed and developing countries for a humber of reasons, but
mainly increasing fossil fuel prices dthe demand for reduced Greenke Gas (GHG)
emissions. In addition, the fact tHaibfuels have the potential to alleviate poverty, stem
rural urban migration, increase income generation for poor family, create employment
and reverse environmental degradatiorgkes biuel much attractive. A full grown

shrub or tree absorbs around 18 pounds (8 kilograms) of carbon dioxide every year. 2500
shrubs can be planted in a hectare (about 2.5 acres), resulting in more than 20 tons of
greenhouse gas sequestration per yd@.fact that some bitiesel producing plants such

as JatrophaJétropha curcasl..) grow in unproductiveand marginal lands has o&
biodiesel production more appealing in Kenya for diversification rural livelihoods and
environmental conservation.

Methodology

The study wagonducted through literature review, interview with stakeholdersoand

the ground assessment in part of Kewlgsigned to understand the national enabling
environment and the industryodés supply chai
site visits, interviews of local producers, entrepreneurs, intermediaries, service providers,
export agencies, governmaafficials, and norgovernmental organizations

World Environment and T rends

The world biofuels market has been growing at an accelerated pace in the last twenty
years, and this trend is expected to continue in the future. This market can be divided into
two broad categories: biodiesel and ethanol. Biodiesel is manufactured from natural oils,
whether they are from animal or vegetable matter. Ethanol is produced from sugars,
either harvested directly or broken down from starches. Both sectors of theyirduatr

f
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grown significantly. It is estimated that the United States produces 44%, Brazil 41%, the
European Union 13% and South East Asi a 2% ¢
which is about 16Mtoe (million ton oil equivalent comprising 80% ethanol 2094

biodiesel).

There are many crops that can be used for producing biodiesel, but the choice normally
depends on local availability, affordability and government incentives. For example,
rapeseed oil is preferred in Western Europe, while the UnitedsStaters refined
soybean oil as a feedstock. -laigest groglucey lof Br az i |
soybeans, its government is fostering a castéibaded biodiesel industry. Both India

and China have large jatropha (physic nut) plantations undetogevent. The most

important feedstocks by 2010 are expected to be soybean, rapeseed arail,palm

descending orderNevertheless, Jatropha and cottonseed oils will show the highest

growth rates. In terms of the market size, the biodiesel industry &5624 million

liters in 2005, with Western Europe having the largest share of the market.

Opportunities for Jatropha Industry D evelopment
Geographical Condition and Gimate
Geography

Kenya lies astride the equator in Eastern Africa between Somalialramzania and
bordering the Indian Ocean with a total area of 582,650 square kilometers, which

includes 13,400 sqguar e kil ometers of water
kilometers.
Climate
Kenyads climate vari es fidimothe interioo pspecialyin al on g

the north and northeast. Intermittent droughts affect most of the country. Less than 15
percent of the country receives somewhat reliable rainfall of 760 millimeters or more per

year, mainly the southwestern highlands rnedee Victoria and the coastal area, which is
tempered by monsoon winds. ASALs constitute
host about 10 million people and approximately 70% of the national livestock herd.

Population

I n 2007 Keny a destimgted pt86,%4.3,7219 wp froa28.7 million reported

in the 1999 national census and from 15.3 million in the 1979 ceusei(nment of

Kenyg 2007). Somewhat morethanenéeni rd of Kenyabs popul ati on
with the greatest concentratian Nairobi. The population is also heavily concentrated in

areas of fertile land in the center and west of the country. Jatropha production is labour
intensive may play a role controlling rural urban migration through employment creation

in the ASALs.



Natural Resources and Land We

Natural r esources

Kenyads most valuable natur al assets are ric
and wildlife. Although closed forests cover just 1.7 percent of Kenya (Mutimba, 2008),

they continue to play a tical role as water catchments, sources of fuel and food, and
climate regulators. They sl ow the spread of
for manmade carbon dioxide. Wide pliaugt of Jatrophacontribute to the overall total

land cover espeally in the ASALs which have low land cover.

Land use

Oof Kenyads | and surface, bet ween 7 and 8 pe
percent is in permanent crops. According to a 1998 estimate, irrigated land totaled about

670 square kilometer#About 80% of the total land mass in Kenya is categorized as

ASALs which is host about 10 million people and approximately 70% of the national

livestock herd. The economy of the dryland communities is dependent livestock
production with semsedentary farnmg in some marginal agricultural areas. Most of

these areas are suitable for Jatropha production.

Environmental factors

Kenya faces serious interrelated environmental problems, including deforestation, soil
erosion, desertification, water shortage andraégd water quality, poaching, and
domestic and industrial pollution. Watguality problems in lakes, including water
hyacinth infestation in Lake Victoria, have contributed to a substantial decline in fishing
output and endangered fish species. Outpunfforestry also has declined because of
resource degradation. Overexploitation over the past three decades has reduced the
countryos ti mb-alf Thisslessoalforeskaggrabvayes erasien, the silting

of dams and flooding, and the loss obdiversity. Jatropha has been reported to control
land degradation and reverse deforestation. As a perennial it can sequester carbon too.

National reserves

The national reserves are governed under Wildlife (Conservation and Management) Act.
The Wildlife Act makes it an offence for any person to enter or resides in a national park
otherwise than in the course of his duty as a park officer, cut or injure or set fire to any
vegetation within a national park, collect or attempt to collect honey or bees veax in
national park, or knowingly introduce any animals or domestic animal into the national
park without authorizatiorDue to the restrictive nature of the laws guiding, the use of
land under national reserve, these areas are not candidate for Jatroplwiqraahd

must be mapped out of the total land suitable for Jatropha production.

Agriculture

Agriculture remains the populationés main o
only about 20 percent of Kenya receives sufficient rainfall to support atidtn
agriculture accounts for over 70 percent of
indirectly, for over 50 per cent of GDP (Mutimba, The principal cash crops are tea,
horticultural produce, and coffee; horticultural produce and tea are the grawth



sectors and the two most valuable of al/l of
Strategy for Revitalizing Agriculture (2006) offers development opportunities through

the Agriculture Product Value Chain which aims at developing businesgédskhrough

new extension approaches between producers, suppliers, processors and the market. The
countryodés vision 2030 aims at i ndustriali zi
ago-processing and value addition to.

The agribusinessand its supportinstitutions

Kenya has had a successful agricultural S €
However it was not unt il mi d 19606s, I mme c
interventions were injected in the agricultural sector. Policies covered eVesye spf

agriculture such as production, marketing, research, credit extension and price controls.

Policies advocated the promotion of cooperatives and farmer based companies as well as
promoting agreindustries for processing of agricultural products.

Land areas for Jatropha production

Jatropha can be <cul ti vaad reginsiwhere the olimateis | Afri
harsh and soils are of relatively low physical and chemical quality. It does not need much

water to survive only about 10 inches (258m) of rainfall per year thus can be grown

in arid regions and will grow well on marginal land. The areas suitable for growth of

Jatropha in Kenya range from the coastal lowlands, the vast ASALs to the midlands (0

1600m above sea level). Much breedemgd agronomic work remains to be done on

Jatropha curcago maximize its soil production per hectare as well as the product quality

and quantity.

Environmental impact of growing and manufacturing Jatropha

Generally speaking, transplanting a species fram mart of the world to anotheeither

accidentally or on purposehas, on occasion, had some really negative consequences. A

prime example in Kenya iBrosopisspecies that was introduced to Kenya beginning in

the 19706s t o s ol vdethatfbutedwraosopsspmp overgpdws jost |t d
about everything in its path and is almost impossible to get rid of. The questions in
ever yon e OMhat Waulg Be the meacts, the consequences, of fardatrgpha

curcason a large scale? (It is alreadiassified in Western Australia as an invasive

species and its use in biodiesel production is banned). It is also considered poisonous (to
some degree) as its seeds or nuts, and oil from them asediwa.

Though Jatropha is not indigenous to Kenya, $pecies seems to have been introduced
close to a century ago, judging from the age of the trees growing wildly in the country.
The history of its introduction however is not well known. From the natural stands in
Kenya, the tendency to spread has nonbaeserved and it is rare to find young trees.
This by no means should be taken as a proof that it is not invasive but could give
indications that the problem may not be to the scale reported such as in Australia. Long
term observation, especially and largcale planting should be undertaken.



Current status of production of Jatropha in Kenya

In Kenya, Jatropha is mainly grown in Kitui, Thika, Namanga, Kajiado, Malindi, Nyanza,
Nakuru, Marakwet, Naivasha, in the coastal regions and in Meru. In Easg,Afric
Tanzania is said to have made the biggest strides in terms of growing the fuel tree on
large scale. However, Kenya is said to be well ahead of other African countries in
research on the same the biofuel funds come in through organizations like the World
Bank, EC, WWF, etcSo far close to 3,860 acres of Kenyan land has been covered by the
plant. The new entrants, Hydronet Energy Company Ltd., and Biwakddkioratory

Inc., both from Japan could be the first to commence commercial biodiesel operation in
Kenya.

Current EconomyEconomic Stuation in Kenya

Kenyads economic performance has been hampe
heavy dependence on a few agricultural exports that are vulnerable to world price
fluctuations, population growth that haststripped economic growth, prolonged drought

that has necessitated power rationing, deteriorating infrastructure, and extreme disparities

of wealth that have limited the opportunities of most to develop their skills and
knowledge. Poor governance androption also have had a negative impact on growth,

making it expensive to do business in Kenya. Kenyans, 23 percent of the population are
l'iving on |l ess than US$1 per day. Another |
of human immunodeficiency virwstquired immune deficiency syndrome (HIV/AIDS).

Prospects brightened somewhat with the coming of the NARC government, in 2003,

whose policy aims included budgetary reforms and debt restrdinte countr yos r ¢
GDP growth picked up to 2.3 percent in ed2004 and to nearly 6 percent in 2005 and

2006, compared with a sluggish 1.4 percent in 2003 and throughbeatrecent violence

which erupted following the disputed December 2007 elections slowed down the growth

but the prospects looks bright with therfation of the grand coalition government.

Tourism is now Kenya's largest foreign exchange earning sector, followed by flowers,

tea, and coffee. In 2006 tourism generated US$803 million, up from US$699 million the

previous year. In 2005 the combined &ahf these commodities was US$1,150 million,

about 10 times the value of Kenyads third n
significant exports are petroleum products, sold to near neighbors, fish, cement,
pyrethrum, and sisal. The leading imponte arude petroleum, chemicals, manufactured

goods, machinery, and transportation equipment. Africa is Kenya's largest export market,
followed by the European Union. Kenya typically has a substantial trade deficit. The

trade balance fluctuates widely becaus Kenyads main exports are f|
subject to the effects of both world prices and weather.

Postelection unrest and disruption, although fading, is having a negative impact on trade
in 2008, leading to slippage in both exports and impomadd will rebound, provided

that the political settlement holds, but damage already caused suggests that export growth
in 2008 will be modest. The recovery in imports is likely to continue, given
reconstruction needs and high oil prices, leading to a witachandise trade deficit.
Tourism earnings are likely to recover (politics permitting) but perhaps only returning to
2007 levels.
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Infrastructure

Road, rail, and air transport are all significant in Kenya, while water transport plays a

minor role. AllofKenyads transportation sectors, but
need of steppedp investment for better maintenance and expansidmer important
infrastructure includes inland water ways (mainly Lake Victoria) and well developed

civil aviation, port, pipelines and telecommunications.

Government and Politics

Kenya is a republic dominated by a strong presidency. The political system is in flux as
contentious debate continues on efforts to adopt a new constitiBesides the

constitution, a pr&sing concern in Kenyan politics is corruption. Recent anticorruption

efforts have led to the establishment of the Kenya-Botiruption Commission (KACC)

and two laws requiring civil servants to disclose assets and mandating transparency in
procurementKenya is run through three branches of the government. Executive Branch:
Under Kenyads current constitution, the pre
government . Legislative branch: Kenyabs Nat.i
with 224members, 210 of whom are elected by popular vote foryeeae terms. Judicial

Branch: Kenyads court hi erarchy consists of
and district magistratesd courts, and kadhi s
concerning personal status, marriage, divorce, and inheritance among Muslims.

Administrative divisions: Kenya is divided into seven provinces and the Nairobi Area.
The provinces are Central, Coast, Eastern, Nadastern, Nyanza, Rift Valley, and
Western Lowerlevel administrative units include districts and further to divisions,
locations and sulbcations. The seven provinces and the Nairobi Area are administered
by provincial commissioners who are answerable to the president. Further, there are local
governments represented by local councils operating under the Local Government Acts.
These elective municipal, town, and county councils have limited powers delegated by
the national government. The councils have the authority to allocate land for investme
under the Trust Land Act.

Policy Framework

Land tenure laws
Land in much of the ASALs of Kenyan is governed by the Trust Land Act. The

Constitution of Kenya vests trust | and in ¢
of the persons ordinayil r esi dent on that | ando and to fAg
or other benefits in respect of the land as may, under the African customary law for the

time being in force and applicable be veste

(Constiution of Kenya). Another piece of legislation that affects land use in the drylands

is the Land (Group Representatives) Act. This Act has attempted to incorporate elements
of traditional land tenure systems into statutory law. It provides for the ebktabin$ of

group ranches, bringing together community members who adopt a constitution and elect
not more than 10 people and not less than three to act as group representatives. The
impact of privatization of group ranches on livelihoods and biodiversity armsk
conservation has been well documented. Though Jatropha development can still be done

vii



under the current system, there is a need for a set of national norms and standards to
ensure efficient and effective use of public land as an asset in suppod oéfiam.

Energy policy and regulation

The relevant legislation includes the Energy Act 2006. Other legislation expected to
impact on the industry include Forest Act 2005, Agriculture Acrest Act,Trade &
industry Act and the Water Acthe SessiondPaper No. 4 of 2004 on Energy seeks to
encourage wider adoption of renewable energy technologies, thereby enhancing their role
in the countryds energy supply matrix. The I
of biodiesel from locally grown cropgand in order to utilize biodiesel, observes that a
system for production, distribution and use will need to be put in place. It recognizes the
need to set aside land for the production of energy crops from which biofuels can be
produced, and to formulatérategies to optimize land use and to harmonize the existing
land use policy with the energy policy. It also calls for resources to be mobilized for
research and development to facilitate its introduction as a motor blend in the medium
term.

The Energy At 2006 was operationalized in July 2007. This legislation embraces
petroleum, electricity and other forms of energy to enhance incentives to the private
sector and ensure prudent regulation of the energy sector. It allows duty free importation
of energy hedware to promote widespread usage. It also allows renewable energy
systems not exceeding 3MW or if operating in hybrid mode, in which the oil fired
component does not exceed 30% of the total capacity to operate in any area of the
country without any licese, irrespective of any other existing distribution license.

The policy on Arid and Semi Arid Lands (ASALS) indicates that available opportunities

for investment in these areas have not been utilif&overnment of Kenya2005)
Mainstreaming thdatrophavalue chain initiatives into ongoing activities in the ASALs

will be pursued with a view to achieving the objectives of this strafBggy.Strategy for

Revitalizing Agriculture (2006) offers development opportunities through the Agriculture

Product ValueChain which aims at developing business linkages through new extension
approaches between producers, suppliers, processors and the (@anketment of

Kenya 2006) The countryo6és vision 2030 aims at i
through enhanakagoeprocessing and value addition to.

Policies sipporting direct foreign investment (DFI)

Kenya has had a long history of economic leadership in East Africa as one of the largest
and most advanced economies in the region. Kenyan policies on foreigtmene
generally have been favorable since independence, with occasional tightening of
restrictions to promote the HfAAfricani zati on
guaranteed ownership and the right to remit dividends, royalties, and capitdle |
1970s, the government disallowed foreign investment unless there was also some
government participation in the ownership of an enterprise. Notwithstanding some
restrictions, between 60% and 70% of industry is still owned from abroad. A new
investmentcode, the Investment Promotion Act 2004, is expected to streamline the
administrative and legal procedures to achieve a more effective investment climate. The

viii



| egi sl ation replaces the governmentdos | nvest

InvestmentAuthority (KIA).

The Kenyan government has introduced various incentives to attract foreign investors to
Kenya.Such measures include:

An investment allowance is offered on buildings, equipment and plant machinery
Loss carried forward option whereby angmany is allowed to carry forward their
loses to future taxable profits

VAT waiver for all plants set up and machinery

Depreciation of assets based on book value

Removal of exchange controls

Laws in place against expropriation

Rationalized trade licencesgime which requires less licences than before
Decontrolled prices

Importation of agricultural products attracts zero duty

Too oo Too Too To To o To T

In addition to these incentives;

A Kenya is a member of ICSI (International Centre for Settlement of Investment
disputes) with its &adquarters in London. This membership allows foreign
investors to have their investment disputes judged impartially

A Kenya is a member of ATIfAfrican Trade Insurance Agency) which enables the
foreign investor to insure against political risk.

Funds avalable for Jatropha investments

Possible funds for Jatropha development in Kenya include local financial agencies and
foreign investors. Locally among the possible source of funds are loans from Agricultural
Farcers Cepperative (AFC). Equity bank has alsecently initiated low interest rates
loans to farmersgOver 100 organizations, including about 50 NGOs, practice some form
of microfinance business in Kenya. About 20 of the NGOs practice pure microfinancing,
while the rest practice microfinancing alaide social welfare activities. Major players

in the sector include Faulu Kenya, Kenya Women Finance Trust (KWFT), Pride Ltd,
Wedco Ltd, Small and Medium Enterprise Programme (SMEP), Kenya Small Traders
and Entrepreneurs Society (KSTES), Ecumenical Loamsd RECLOF) and Vintage
Management (Jitegemee Trust).

Conclusions and Recommendations
Conclusions
Based on the research and findings, conclusions were reached and are outlined below.

The geographical position of Kenya in the tropic, abundant idle lanithe ASALs
(accounting for 80 percent of the total land mass), the relative political stability in the
region, the infrastructure and policies demonstrate that there is a potential for the
biodiesel industry in Kenya. With enough R&D jatropha can comyeljtmeet both the
national and even surplus for export.



The expansion and development of the biofuel industry will have positive developmental
impacts on the economy, the people and the environment in Kéatyapha production

will create employment imural areas that will not only reduce unemployment in these
areas but will also reduce rural urban migration thus improving the rural economy. In
addition, the biofuel industry has the potential to positively impact foreign reserves,
because less oil witheed to be imported. And finally, the use of biofuels decrease the
amount of CO2 emissions, thereby creating a sustainable industry that is friendly towards
the environment.

The growth of biodiesel industry is hampered by lack of information, clearypafd
regulatory frameworks and lack of institutions specifically charged with the role of
developing it. There are a number of biodiesel initiatives throughout the country,
however they are scattered, they are small and duplicated, and lack coordination.

Recommendations

1. In order for the industry to be successful, the productivity of jatropha needs significant
R&D to improve productivity in order to reduce average costs of production. Also
intensive research and development needs to be undertakeres@apotential yields,
and decrease average production costs so as to lower farm gate price for the seed.
Research is needed to develop other potential applications of the oil, which can include
its use in rural electrification schemes. It is likely that the industry to become
competitive it will require initial support from the government not only to create a
demand for the product, but to provide financial incentives (such as tax breaks), and if
necessary subsidies like in the case of Brazil.

2. The pesent public land tenure management system in Kenya is fragmented,
uncoordinated and netnansparent. The public land tenure as embodied in the
Government Lands Act, Cap 280 of the Laws of Kenya lacks a coherent information
system and is bedeviled by akaof clarity in the roles, responsibilities and policies of
different institutions in its administration, planning and disposal. Though Jatropha
development can still be done under the current system, there is a need for a set of
national norms and stands to ensure efficient and effective use of public land as an
asset in support of land reform.

3. Despite this potential regarding biodiesel development in Kenya, the growth of
biodiesel industry is hampered by lack of information, clear policy and tegula
frameworks and lack of institutions specifically charged with the role of developing it.
There are a number of biodiesel initiatives throughout the country, however they are
scattered, they are small and duplicated, and lack coordination. Thereed torcreate
a specific institutional framework to address the development of industry in Kenya.

4. There is need to address the issue of access and delivery particularly with the view to
ensure equity and benefits to rural communitidse question to dasked are: Is the
industry going to adopt multilateral companies growing thousands of hectares and the
local communities employed to provide labour as one of the models or are we opting
for cluster farmers who are producers and selling to the processimuanies?



5. There is need to generate scientific data on the issue of the environmental impact of
Jatropha production and the question of its invasiveness. The debate must not be held
purely in the scientific community or the developed world. It musoblires the poor
rural communities in the developing world where many of these biofuel crops will be
grown. Their needs for improved living standards must be addressed and their
involvement sought in achieving the best balance between revenue generatiomgand |
term sustainability

6. Biodiesel may not always be economically competitive with petroleum fuels,
especially as the industry is first getting established. The cost of production and the cost
of petroleum will dictate the competitiveness of biodiegedny given time. Tax policy

can play a key role in either supporting or obstructing the development of a new biodiesel
industry. Of particular importance is the issue of how fuel dawél be imposed on
biofuels. Tax holidays that reduce or eliminateetfuel tax on biofuels have been used
very effectively to spur the growth in the industry in Europe and other parts of the world.
These devices are often implemented for a set period ofi tuseally about & yearsi

to enable the scale of biofuels duztion to rise to the point where it can compete with
petroleum products on an even footing. Although this approach may forego some short
term revenues for the government, the domestic investment and job creation that such
measures will spur should motiean make up for the lost revenue in terms of overall
economic benefit to the country.

Xi



2.0Introduction

2.1 General introduction

This is a report of the findings of a feasibility study carried oufémyato determine
communi ti es o wipatd in theggpmodust®and rarkgtiagrof hidiesel in

order to strengthen their livelihoods, increase income generation and alleviate poverty.
There is growing interest in kdeesel, fuelled by the demand from developed and
developing countries for a numbafrreasons, but mainly increasing fossil fuel prices and
the demand for reduced Green House Gas (GHG) emisgidnd. grown shrub or tree
absorbs around 18 pounds (8 kilograms) of carbon dioxide every year. 2500 shrubs can
be planted in a hectare (ab@ub acres), resulting in more than 20 tons of greenhouse gas
sequestration per yearhe fact that some bidiesel producing plants such as Jatropha
(Jatropha curcasL.) grow in unproductiveand marginal lands has made diasel
production more appealing Kenya.

Next to biodiesel production and wasteland reclamatlongurcasalso hosts socio
economic development potential. The multipurpose character of the plant and the labor
intensive production chain are thought to be the main drivers for ruralogewent, but

are uncertain. Next to biodiesel production and wasteland reclamati@uycasalso

hosts socieeconomic development potential. The multipurpose character of the plant and
the labofintensive production chain are thought to be the mainedsivfor rural
development, but are uncertain.

Eighty per cent (80 %) asmargirminBstablishingdibegel nsi ve |
plants on such land has the potential to stem rural urban migration, increase income
generation potential for poor fanes, create employment and reverse environmental
degradation. However, for these benefits to be realized there is need for careful
introduction of such programmes.

2.2 Scope of the fudy

The scope of the study was to assess the opportunities availab&nyraor production

and manufacturing of Jatropha. The study looked at the geographic and climatical
conditions, political and economic environment, and infrastructure and policy
environment. In addition andeasibility study wasalso meant to come up with
recommendations that will provide an enabling environment for the production of
biodieselas a commercial fuel in Kenya.

2.3Background

The term bioenergy is used to refer to energy deriven from one of three sources:
Bioresources (natural wood growth),oBiaste (byproducts from human Agricultural

and Industrial Processes) and Biofuel (crops purpose grown for enBiggiesel is a

liquid substitute for petroleurbhased diesel fuel made using vegetable oil derived from a
wide variety of oibearing plantssuch as castor, coconut, croton, jatrophagsapd
(canola), and sunflowelWaste vegetable oilam also be used for biodies&Inlike



et hanol , which has several mar kets aside
alternative source of fuel for trgmsrt and stationary power.

Biofuels have assumed significant importance globally as the world addresses changing
patterrs in energy supply and demar@owing world energy demand, the insecurity of
long-term supply and the consequences of fossil fueffarselimate change are driving
governments to look for alternatives. Withe price of fossil oil surging abovie
historical mark of US$ 100 a barrel in the year 2007/20@8search for alternative
energy sources has become more urgent than ever. Mamries are promoting the
production and use of biofuel€nergy extracted as gas, liquid or oil from plants. Biofuel
derived from food crops such as corn, sugarcane, soybean, oil palm and sugarbeet has
been on the rise in recent yedProta, 2007) It is seen by many as a clean form of
energy in an era of soaring oil prices and concerns over carbon emissions.

The world biofuels market has been growing at an accelerated pace in the last twenty
years, and this trend is expected to continue in the fufinie market can be divided into

two broad categories: biodiesel and ethanol. Biodiesel is manufactured from natural oils,
whether they are from animal or vegetable matter. Ethanol is produced from sugars,
either harvested directly or broken down fronratas. Both sectors of the industry have

grown significantly. It is estimated that the United States produces 44%, Brazil 41%, the
European Union 13% and South East Asia 2%
which is about 16Mtoe (million ton oil equdlent comprising 80% ethanol and 20%
biodiesel) (Prota, 20@y.

With the push to find alternative and renewable sources of fuel, oilJatrapha curcas

seeds has arisen as a good source of biodiesel. Jatropha, a plant originating in Central
America tha grows wild in many developing countries, including South Africa, India,
Thailand, Malaysia, Indonesia, China and the Philippines, has suddenly found itself at the
centre of a new phase in the world's alternative energy bdatropha curcasis a
droughttolerant noredible shrub. It produces fruits the size of golf balls which contain

oil that can be converted into biodiesel, a substitute for fossil Jaglopha curcass a
droughttolerant noredible shrub. It produces fruits the size of golf ballsolwhgontain

oil that can be converted into biodiesel, a substitute for fossil fuel.

Oil extracted from the seed can be used (without refining) in adapted engines to power
local grain mills, oil presses, water pumps and small electricity generating ptaists.
estimated that largsecale plantations and oil extraction mills could produce jatropha
biodieselin West Africa at a prie 512% cheaper than currentsgail prices. In remote
areas, smaidcale production and use of Higel from Jatropha curcass obviously more
promising than the modest margins predict.

Studies from India show favourable energy balances for the physic nut or jatropha
(Jatropha curcaswhen used as feedstock for biodiesel production. Besides being unfit
for human consumption, jatpba appears to have the necessary qualities of becoming the
major vegetable oil crop for economically and environmentally sustainable biodiesel
production in tropical AfricaEach hectare can produce an average of 500 gallons (1900

f



liters) of biodiesel peyear from its nuts as well as more than 7500 Ibs (3400 kilograms)
of waste biomass. For biodiesel, Jatropha yields more than four times as much fuel per
hectare as soybean; more than ten times that of corn.

This report of a study designed to assess #asilbility of development of Jatropha
industry in Kenya. It contains describes the assessment methodology, findings as well as
the final conclusions and recommendations. The paper begins by outlining the global
market of biofuels, and it is followed by aoverview of the ational enabling
environment and processes to follow in setting up a biodiesel business in. Réya
paper concludes with recommendationd aonclusions based on the study.

2.4Purpose of $udy

The purpose of the project was to asshedeasibility of developing hiodieselindustry

inKenyaby conducting a preliminary analysis on
objectives were to: assess the industryos
market; identify major players irhé supply chain; and estimate the developmental

impact in the Kenyaagricultural sector.

In order to attain the project objectives, the researchbna@en down into fouareasof
study that included the following tasks

1. The world avironment

a) Anindustry overview and analysis of worldwitd®fuels markets

b) Theworld demand and supply analysis

c) A brief examinat on o f ot her regartdingoprodding phe dicfuels c e s
industry

2. An analysis of the pportunities and challenges aevebping biodiesel industry in
Kenya

a) Geographical and climatic situation

b) Environmentand land use

d) Economic conditions

e) Politics and parties

f) Theassessment of the infrastructure challenges fiacdek country

g) Policy and regulations influemg investment in bidiesel

3. Modalities for starting a biodiesel industry in Kenya

4. Recommendatiorsnd conclusion

3.0Methodology

The studywas divided into three phases. The first phase began witliethew of

academic literature, business reportyd aavailable statistics on the biofuglobal
environment. This was followed by the second phéseh wascomposed oithe ground
assessment ipart of Kenyadesigned to understand the natioeahbling environment

and the industryo0tzedson the fiel studyneuded. sitedisitsp | s u't
interviews of local producers, entrepreneursiermediaries, service providers, export
agencies, government officialsnd nonrgovernmental organizations



Limitations

Due to time constraints, researchtbe ground wasmited thus limitingthe information
that could be obtained from other regions of the country. Moreover,dackirrent
information onJatrophgproduction was encountered when meeting with the Ministry of
Agriculture, Ministry of Energy, ah other stakeholdersecause the industry is yet to
develop in Kenya

4.0The World Environment

4.1 Production and international trade

The world market of biofuels has been steadily growing in the last years, with an
increasing number of countries paigiting in it for environmental and security reasons.

In 2002 world production of ethanol reached 21,841 million liters, while biodiesel
production was 1,503 million liters. This production not only provided an alternative to
fossil fuel, but it is also geerated large number of employment since biofuel production
requires 100 times more workers per unit of energy produced than fossil fuels. In 2002,
the ethanol industry provided more than 200,000 jobs in the US and % million direct jobs
in Brazil (IEA, 2004).

In recent yearsjatropha curcasas become the focus of large planting programmes in
several tropical countries on account of its potential as dubklocrop with low agre
ecological demands. Most of these are still in pilot stage of developmeethéo
probably not exceeding 100,000 ha. India alone may have more than 10 million ha of
smaltscale and large plantation by 2030, mostly reclaimed wastelands. Countries in
tropical Africa with major developmeprojects for jatropha biodiesptoductioninclude

Mali, Burkina Faso, Ghana, Tanzania, Malawi, Zambia and Madagddeatotal length

of Jatrophahedges inTropical Africa is estimated at 75,000 km, yielding potentially
60,000 t of seeds per year.

Prices of atropha seeds vary between countri®ghere seeds were used for
manufacturing soap (Malawi, Tanzania) the enier kg was close to US$ 0.10 once the
demand for seedsse. India a price of US$0.48er 1 of atrophai based fuel is expected

to be realistic (cost price plus modest profit maxgiio this price tax has to be added and
the value carbowreditcertificates deducted. Prices for gas oil in landlocked countries of
West Africa were US$ 0.8(.97 in 2007(Prota, 2007alt is estimated that largecale
plantations and oil extraction rslcould produce jatropha biodiesal West Africa at a
price 512% cheaper than current gais prices.In remote ares smaklscale prodation

and use of biodiesétom Jatropha curcass obviously more promising than the modest
margins predict.

4.2World current and future trends

There are many crops that can be used for producing biodiesel, but the choice normally
depends on local availability, affordability and government incentives. For example,
rapeseed oil is preferred in Western Europe, while théed States favors refined

soybean oil as a feedstock. -laigest graaucey lof Br a z i



soybeans, its government is fostering a castobasgied biodiesel industry. The big palm

oil producing countries in Southeast Asia are Makagsid Indonesia. They are currently
focusing on palm kernel and palm seed oil. Both India and China have large jatropha
(physic nut) plantations under development. In addition, China is investigating recycled
cooking oil as an option. The most importagedstocks by 2010 are expected to be
soybean, rapeseed and patii, in descending orderNevertheless, Jatropha and
cottonseed oils will show the highest growth rates. In terms of the market size, the
biodiesel industry reached 3,524 million liters in 20&ith Western Europe having the
largest share of the market. Although it is still the largest producer, market fragmentation
has decreased Western Europeds monopoly in
represented 95% of the market in 2000, had beeéunced to approximately 80% by 2005.
This is accounted by new players, such as Asia, entering into the market.

4.3 The jatropha programs in India

In April 2003, the committee on development of biofuel, presented a report with
recommendations to replacdd 2 o f l ndi ads di esel consumpt |
numerous institutions, private investors and farmers to prepare and start with work on a

major Jatropha program. To plant 11 Million ha Jatropha, the program was to become a
ANati onal mi s s largenmumber cob stakehatders igcluding individuals,
communities, entrepreneurs, oil companies, business, industry, the financial sector as

well as Government and most of institutions.

Biodiesel from jatropha is fast gaining popularity and although ja&agultivation is

being encouraged in India to reduce the dependence on high crude imports, there
continues to exist some major barriers, including lack of R&D and faewel support
besides the commercial viability and pricing issues which need todoeszed.

Several states in India have distributed plants free of charge to small farmers,
encouraging private investment in jatropha plantations and setting up biodiesel
processing plants. The state of Chhattisgarh has the mosdevelloped jatropha
biodiesel programme in the count@bout 380 million jatropha seedlings has been given
away to farmers, enough to cover B ha, and 80 oil presses hdexn provided to
various village governing bodies with guarantees to buy back jatropha seeds att8SD 0,
a kilogram.

The widespread government support has attracted investments and there are very recent
plans for large investments in jatropha production. Indian -staterefiner Bharat
Petroleum Corp Ltd announced in April 2008 that they would invest B&illion in
biodiesel production out of jatropha and karanj plantations. They will build 10 biodiesel
producing units over the next ten years. The State Trading Corporation of India is
planning a foray into biofuels and is in talks with global compawigish have biofuel
refineries in jatropha plantation. Ubased D1 Oils, the worlds largest commercial
cultivator of jatropha, has around,800 hectares, with plans for an additional 850

ha over the next several years. The Indian Railways have startese jatropha oll
blended with diesel to power its diesel engines with great success.



Not all outcomes of the jatropha production in India have been positive. The forest
department cancels its plans to produce biodiesel from jatropha because theyimtb not

it feasible. The costs will be much higher than expected and they will not be taking up
any project or research related to jatropha. The unique selling point of jatropha was its
ability to grow anywhere and have an oil ratio as high as 40 per denidld was good

on fertile land but went to orthird level when grown on infertile land. For better results
the plant needs fertile land, irrigation, fertilizers. Growing the plant on wastelands will
also prove costly as it will have low oil content.eThost is bound to go up and it is
estimated that biodiesel will be two times costlier than the regular fuel.

Other results have shown the ongoing lasgale jatropha plantation to become a curse

for rural children. During the first months of 2008 humtireof cases of jatropha
poisoning have been reported. Research has also shown that jatropha has harmful effects
on Indian crops like pigeon pea. A local agricultural scientist stresses that there is a need
for longterm studies on jatrophas impact on hurbaimgs, livestock and plants before
giving the green signal for its large scale plantation and use -akdsiel.

5.0Jatropha Industry D evelopment in Kenya
5.1Why Biofuel in Kenya?

5.1.1Poverty and environmental degradation

Arid and semi arid lands (A8s) ar e home to the worl dos
marginalized people. In Kenya, the ASALs occupy over 80% of the country and host
about 10 million people. These areas have the lowest development indicators and the
highest incidence of poverty. Over 60%ASAL inhabitants live below the poverty line
(subsisting on one dollar per day). Although there is great potential for ASAL
development in Kenya, the current picture is rather grim. The economy of the drylands is
overdependent otivestock production. Dyughts and conflicts which are common in
these areas and which affects livestock production have adverse impact in both lives and
livelihoods in these area3he growing population has put enormous pressure in the
natural resources of the country. Over leiption of the natural vegetation for timber

and fuelwood has continued to cause land degradation and loss of genetic recourses all
posing serious challenges to sustainability of the rural economy. The worst affected areas
being the Arid and semi aridrds (ASALS) with its fragile ecosystehere is therefore

need to diversify livelihoods in the ASAL&urthermoreinterventions on sustainable
energy and environmental managementdarectly linked to poverty, food security and
issues of equity in integted rural development.



£

Fig.1 Degraded land iarid and
semi arid areasf Kenya

Fig.2 Famine in northern Kenya

5.1.2Clean energy source

Before 2030 the world is projected to experience net deficits of petroleum supplies as
new oil discoveries are offset by depletions. Further, as the world focuses on global
climate change, biofuels have assumed importance as the most practical alternative to
petroleum fuels in efforts to reduce carbanigsions Although Kenya is not at the
moment obliged to cut down emissions of Green House Gases (GHG) by the Kyoto
Protocol, it carbe assumed that it is only a matter of time before the country subscribes
to future global warming protocols.

5.1.3High cost of fossil fueland dependence on fossil oll

In addition, to addressing the energy security and global warming, biofuels widlsaddr
the issue of high energy costs assadatvith imported fossil fuelsFurther, the
beneficial socieeconomic impacts on the Kenyan rural community by a successful
biofuels program could be significaikenya does not yet have locally produced fossil
fuels and is net importerlt suffers the burden of importing fossil fuels depleting the
limited foreign exchange resources availall@.imports for the year 2005/06 consumed
up to Ksh.95,188 billion which was 7.4% of the GDP and 25% of the foreign exgha
earnings Government of Kenya2007). The Economic Survey 2007, indicates that the
petroleum import bill increased by Ksh.18 Billion in the year 2006 from KshlgBiah

in 2005 to Ksh.113.7illion in 2006 (an increase of 18.8%). It also reportedt th
importation of diesel in the year 2006 constituted 57% of the total oil imports. The cost
of oil imports is dictated by factors well beyond the control of the nation and thus the
need to have secure oil suppligébere is therefore, need to encourageewadoption of
renewable energy technologies.

6.0 Opportunities for Jatropha Industry D evelopment
6.1 Geographical Condition and Climate

6.1.1Geography

Kenya lies astride the equator in Eastern Africa betw®emalia and Tanzaniand
bordering the India Ocean with atotal area of 582,650 sgre kilometers which

includes 13,400 square kilometers of watkre ny a 6 s | and boundar.
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kilometers. The country is bounded by Ethiopia (861 kilometers), Somalia (682
kilometers), Sudan (232 kilometers)anzania (769 kilometers), and Uganda (933
kilometers). Kenya has 536 kilometers of coastline on the Indian O¢eanny a 6 s
territorial sea extends 12 nautical miles. The exclusive economic (fishing) zone is 200
nautical miles, and the continental shelfesxds to a 20@neter depth or to the depth of
exploitation.

Kenya rises from a low coastal plain on the Indian Ocean in a series of plateaus to more

than 3,000 meters in the center of the country. An inland region ofas@mibush
covered plains constiut es most of the countrylgilg | and al
scrublands saddle Lake Turkanand the Kulal Mountains. In the southwest lie the

fertile grasslands and forests of the Kenya Highlands, one of the most successful
agricultural productionregions in Africa. North of Nairobi, the Kenya Highlands is

bisected by the Great Rift Valley, an irregular depression that cuts through western

Kenya from north to south in two branches. The Rift Valley is the location of the
countryo6s hi gncledmg, in the eastera sentien, the srmapped Mt.

Kenya (5,199 meters), the countryds highest
south, mountain plains descend westward to the shores of Lake Victoria.

6.1.2Climate

Kenyaods cl| i mtaopiel alra the eoast td arid imthe interior, especially in

the north and northeast. Intermittent droughts affect most of the country. Less than 15

percent of the country receives somewhat reliable rainfall of 760 millimeters or more per

year, mainlythe southwestern highlands near Lake Victoria and the coastal area, which is
tempered by monsoon winds. Most of the country experiences two wet and two dry
seasons. The driest month is August, with 24 millimeters average rainfall, and the wettest

is Aprilb,t he period of Along rains, o with 266 mil
with temperatures of 13°C to 28°C, and two®lest is JulyASALs constitute about 80%

of the countryédés | and mass, host about 10 m
national livestock herd.

6.1.3Population

I n 2007 Kenyads popul ation was estimated at
in the 1999 national census and from 15.3 million in the 1979 ceusei(hment of

Kenyg 2007). In 2006 the annual populatigrowth rate was about 2.8 percent, a rate
substantially below that of the early 1980s,
highest rate in the world. As of the end of 2006, Kenya was host to some 220,000
refugees from neighboring countries, inclglih62,000 from Somalia and most of the

remainder from Sudan. Somewhat more thantotei r d o f Kenyads popul
urban areas, with the greatest concentration in Nairobi. The population is also heavily
concentrated in areas of fertile land inthe¢eer and west of the coun
population density is about 59 people per square kilometer, with extremely uneven
distribution. Jatropha production is labour intensive may play a role controlling rural

urban migration through employment creatio the ASALSs.



6.2 Natural Resources and Land We

6.2.1Natural r esources

Kenyads most valuable natur al assets are ric
and wildlife. The highly diverse wildlife is a key draw for the tourism industry. The

county is not well endowed with mineral resources. Mineral resources currently
exploited are gold, limestone, soda ash, salt, rubies, flugrapd garnetsAlthough

closed forests cover just 1.7 percent of Kenya (Mutimba, 2008), they continue to play a

critical role as water catchments, sources of fuel and food, and climate regulators. They
slow the spread of deserggomoter ai nf al | , and serve as O0sink
dioxide. In addition to commercial logging, charcoal production and settlement, &aenya

forests have been hit hard by the growing cycle of cliragtgravateddroughts and

floods Wide planting of Jatropha could therefore, contribute to the overall total land

cover especially in the ASALs which have low land cover.

6.2.2Land use

Of K e landasuarface, between 7 and 8 percent is arable, while slightly less than 1
percent is in permanent crops. According to a 1998 estimate, irrigated land totaled about
670 square kilometer#About 80% of the total land mass in Kenigacategorized as
ASALs which is host about 10 million people and approximately 70% of the national
livestock herd.The economy of the dryland communities is dependent livestock
production with semsedentary farming in some margiregricultural areas. Most of
theseareas are stable for Jatropha production.

6.2.3Environmental factors

Kenya faces serious interrelated environmental problems, including deforestation, soil
erosion, desertification, water shortage and degraded water quality, poaching, and
domestic and industrial pation. Water resources are under pressure from agricultural
chemicals and urban and industrial wastes, as well as from use for hydroelectric power. A
shortage of water is expected to pose a problem in the coming years-qdir
problems in lakes, sluding water hyacinth infestation in Lake Victoria, have contributed

to a substantial decline in fishing output and endangered fish species. Output from
forestry also has declined because of resource degradation. Overexploitation over the past
three decaels has reduced t huecesdyaanddf.rAy gresenttnly mber r e
about 1.7percent of the land remainmder closed forest cover (Mutimba, 2008)d an
estimated 5,000 hectares of forest are lost each year. This loss of forest aggravates
erosion the silting of dams and flooding, and the loss of biodiversity. In response to
ecological disruption, activists have pressed with some success for policies that
encourge sustainable resource uséatropha has been reported to contl@hd
degradation ahreverse deforestatioAs a peennialit can sequester carbon too.

6.2.4National reserves

The national reserves are governed unlédlife (Conservation and Management) Act
This is the main implementing legislation for biodiversity conservation iny&eThe

Act creates different categories of protected areas but most of the wildlife conservation
areas in Kenya are found within the drylands.



The Wildlife Act makes it an offence for any person to enter or resides in a national park
otherwise than inhie course of his duty as a park officer, cut or injure or set fire to any
vegetation within a national park, collect or attempt to collect honey or bees wax in a
national park, or knowingly introduce any animals or domestic animal into the national
park wthout authorization.

The Act restricts unauthoerl entry into protected areadlthough there is absolute
prohibition against entry into national parks and game sanctuaries, entry into game
reserves is controlled and dependent on agreements with theuodremliving around

the reservesThis makes it possible for local communities to be integrated into the
conservation and management of biodiversity.

Restrictions of land use within protected areas together with increased population
pressure have lddo wildlife and human conflict. There has also been increased conflict
between the pastoralist livelihoods and agricultural livelihoods. Increased pressure on the
land has led to people farming marginalized lands and subdivithegh into
uneconomical piees.Conflict over resources use becomes even more pronounced during
drought.

Due to the restrictive nature of the laws guiditige use of land under national reserve,
these areas are not candidate for Jatropha production and must be mapped outabf the to
land suitable for Jatropha producti@ig. 2)

6.2.5Agriculture

Agriculture remains the populationébés mai
only about 20 percent of Kenya receives sufficient rainfall to support cultivation,

n
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agriculture accouns f or over 70 percent of the count:

indirectly, for over 50 per cent of GDP (Mutimba, 2008). About-bak of total
agricultural output is nemarketed subsistence production. In 2005 agriculture, including

forestryand & hi n g, accounted 50 percent of revenue

is estimated to include about 12 million workers, almost 75 percent in agriculture. The
number employed outside smatiale agriculture and pastoralism is about 6 million.

The pringpal cash crops are tea, horticultural produce, and coffee; horticultural produce
and tea are the main growth sectors and
In 2005, horticulture accounted for 23 percent and tea for 22 percent of total export
earnings. Coffee has declined in importance with depressed world prices, accounting for
just 5 percent of export receipts in 2005. The production of major food staples such as
corn is subject to sharp weathrefated fluctuations. Production downturnsipéically
necessitate food addfor example, in 2004 aid for 1.8 million people because of one of
Kenyads intermittent drought s.

Tea, coffee, sisal, pyrethrum, corn, and wheat are grown in the fertile highlands, one of

the most successful agricultural grztion regions in Africa. Production is mainly on
small Africanowned farms formed from the division of formerly Europeamed
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estates. Livestock predominates in the sand savanna to the north and east. Coconuts,
pineapples, cashew nuts, cotton, sagae, sisal, and corn are grown in the lolyerg
areas.

The Strategy for Revitalizing Agriculture (2006) offers development opportunities
through the Agriculture Product Value Chain which aims at developing business linkages
through new extension appches between producers, suppliers, processors and the
mar ket . The countryds vision 2030 aims at
enhanced agprocessing and value addition to.

6.2.6Land areas for Jatropha production

Jatropha can be cultivae d 1 n t r o pi-arid fegioAsd where thedcdimate esmi
harsh and soils are of relatively low physical and chemical quality. It does not need much
water to survive only about 10 inches (250 mm) of rainfall per ye#tus can be grown

in arid regons and will grow well on marginal land. The areas suitable for growth of
Jatropha in Kenya range from the coastal lowlands, teceAGALs to the midlands (0

1500m above sea level).

It is a suitable cash crop for the generally poor farmers in thgsmsegiven its ability to
generate income in a short time without the need of large capital and recurrent
expenditure. The crop however needs about 1,000 mm precipitation annually, well
drained soils of reasonable quality and regular inputs of orgamgéniz fertilizers for
economically sustainable production. As with other African regions, in Kenya the species
can be planted in most of the seanid aeas agreecological zones HIV (Fig. 1).
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Fig. 3Agro-ecological zong of Kenya

In mapping suitable areas for planting Jatropha other land use practices should be taken
into consideration. For example, most of the national reserves though are mainly located
in semi arid areas, they cannot be for planting Jatropha. Otbas avhich are not
available include wetlands in the ASALs and land under crop produdticshould
however be noted that the growing of Jatropha is not restricted to ASALs and selection of
the areas for Jatropha growing will be guided by the followintgré (Government of

Kenya 2000 (Fig.2).

i. Competition with food crops: there should be no threat to food production.

ii. Rainfall regime: mainly in areas with average annual rainfall of 300 to 1500 mm.
iii. Altitude: should be within @500m above sea level

iv. Temperature: 20°C to 32°C

v. Soils low-fertility and alkaline
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Jatropha Suitability with Food and Cash Crops

Agronomic Conditians:
1. Mean annual rainfall of 480-2380 mm
2 Mean annual temperature 18-28.5 degrees C
3. Altitude 0-1850 above sea-level

4. No swampy areas

[ District Boundaries
I Lakes A

[ Suitable on Food Crop Areas

[ Suitable on Cash Crop Areas g

[ Suitable Outside Food and Cash Crop Areas 100 0 100 200 Km
[ Protected Areas

Fig. 4GIS basedatropha curcasuitabilitymap(GTZ, 2008)

Much breeding and agronomic work remains to be don#&tmopha curcaso maximize
its soil production per hectare as well as thedpct quality and quantity. Some of the

priority areas for scientific research include:

1.Crop development / germplasm improvement:development of early maturing
varieties (early fruiting jatropha), day neutral varietidess sensitive to seasonal
changes, high yielding seed / oil cultivars, high quality oil and other by products and site

specific cultivars/ provenances

7 /A - 71
| ~ N
Lo, N

Fig. 5 Improvement trials afatropha curcasn Kenya
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2. Agronomic/ silvicultural researchable issuesDevelopment of produiin packages
seed sources and multiplication nursery techniques, spacing determinatiaatiappof
production inputsfértilizer, manure, irrigation, pests/disease protection, etc)

3. Processing and Industrial Researchable issuesEvaluation of procesng
technologies (pogtarvest), handling; Existing equipments and tools; Development of
products and standards, Oil blending; Sanitation and waste management, Testing
procedures, Training and measurements, innovative technology application

4. Market researchable issues:Market chain analysis, Market research, Production
aspects, including planting material, Processing and markets (linkages), Stakeholder
analysis dynamics and Certification

5. Policy researchable issuesax regime issues, Licensing arefulatory, Formulate a
framework to guide the development of doiesel industry. Making and standaselting
procedures and functions of bio diesel, Environmental and social policies,

6. Social Researchable issuelcceptability and affordability onse of Jatropha Based
products, public awareness and sensitization / education, information sharing, watchdog
functions and public transparency, impacts on Health, Poverty alleviation, food security
development of rural enterprises, Human capacity developjole security.

7. Global Competitive researchable issuesCarbon regulation, clean development
mechanism

6.2.7Environmental impact of growing and manufacturing Jatropha

Even if we can solve the social and economic questions, are biofuels really
enviranmentally friendly?

Generally speaking, transplanting a species from one part of the world to aneikiesr
accidentally or on purposehas, on occasion, had some really negative consequences. A
prime example in Kenya is Prosopis species that wagduced to Kenya beginning in
the 19706s to solve fuel wood probl em. |t
about everything in its path and is almost impossible to get rid of.

The origin of Jatropha is thought to be Central America, or pethapSaribbean, but it

is now grown in Asia and Africa and elsewhere. With the push to find alternative and
renewable sources of fuel in the world, oil from the seeds from a shrub daltegha
curcashas arisen as a very good source of biodiesel. Bsinibt a native plant to every
corner of the Earth; thus if it is transplanted in places outside its natural range would it
become an invasive species? What would be the impacts, the consequences, of farming
Jatropha curcason  a | ar ge s cchassiéied in (WedteonsAusadliar as ard y
invasive species and its use in biodiesel production is banned). It is also considered
poisonous (to some degree) as its seeds or nuts, and oil from them-adibien
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Many studies have questioned their carbon madititrwhen all the emissions resulting

from planting, fertilization, transport and refining are taken into account. More recently,

is has been suggested that the extra emissions of nitrous oxide (a greenhouse gas with a
potential impact nearly 300 timesegtter than carbon dioxide) as a result of microbial
action on nitrate fertilizers used in the growth of biofuels may b& 3imes higher than
estimated by the recent Intergovernmental Panel on Climate Change.

Although it can grow on marginal land inicuareas, there is little knowledge yet about
the level of water and nutrients it will need to generate commersi@hte yields or

how it might begin to invade better quality agricultural areas once it is grown in large
guantity. Current harvesting aptocessing techniques are labmtensive, even though

the oil is a known skhirritant.

Many attempts to predict the future are notoriously unsuccessful, andnfakling
biodieselconundrum looks to be no exception. Resolving it will require souiethcse,
which at its most basic is the organization of information and knowledge into forms that
help us confront and solve problems. This will be necessary but not sufficient. The
scientific community must communicate with the general public in a cledvaadced.

Though Jatropha is not indigenous to Kenya, the species seems to have been introduced
close to a century ago, judging from the age of the trees growing wildly in the country.
The history of its introduction however is not well known. From thtural stands in
Kenya, the tendency to spread has not been observed and it is rare to find young trees.
This by no means should be taken as a proof that it is not invasive but could give
indications that the problem may not be to the scale reported sunhAaistralia. Long

term observation, especially and large scale planting should be undertaken. The debate
must not be held purely in the scientific community or the developed world. It must
involve the poor rural communities in the developing world winea@y of these biofuel

crops will be grown. Their needs for improved living standards must be addressed and
their involvement sought in achieving the best balance between revenue generation and
long term sustainability.

Fig. 6 Natural growig Jatropha curcasree in Nyanza Province, Kenya
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