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CHAPTER	1:	OVERVIEW	ON	JATROPHA	CURCAS	PRODUCTION	AND	UTILIZATION	IN	SOUTHERN	
AFRICA	

Enos	Shumba,	Peter	Roberntz	and	Laszlo	Mathe	

1.0	Climate	change	and	renewable	energy	solutions	

The	Miombo	 woodland	 is	 a	 dominant	 vegetation	 type	 that	 covers	 3.6	 million	 square	 kilometres,	
spreads	over	 ten	countries	of	 Southern	Africa	and	 is	 globally	 recognized	 for	 its	biological	diversity	
and	 potential	 for	 nature	 based	 tourism.	 The	 countries	 include:	 Angola,	 Botswana,	 Malawi,	
Mozambique,	Namibia,	Tanzania,	Zambia	and	Zimbabwe.	 	“Miombo”	is	the	Swahili/Bantu	word	for	
Brachystegia,	 a	 genus	 of	 large	 trees,	which	 characterizes	 this	 African	woodland.	 The	 term	 is	 now	
used	to	cover	other	associated	vegetation	types	found	in	Southern	Africa.	The	woodland	is	linked	to	
the	Zambezi	river	and	its	main	tributaries	such	as	the	Kafue,	Luangwa	and	Shire	(Fig	1)	and	provides	
crucial	 life	 support	 systems	 for	 over	 65	 million	 people.	 Indeed,	 some	 of	 Southern	 Africa’s	 iconic	
national	parks-Hwange,	Chobe,	South	Luangwa,	Lower	Zambezi	and	Mana	Pools-with	their	globally	
significant	populations	of	mega-fauna	(e.g.	elephant,	rhino,	lion,	buffalo	and	leopard)	and	flora	such	
as	 Zambezi/African	 teak	 are	 found	 in	 the	 Miombo	 woodland.	 Consequently,	 securing	 its	
conservation	and	sustainable	use	 is	critical	 for	the	socio-economic	development	of	the	region.	 It	 is	
therefore	not	surprising	that	the	woodland	 is	one	of	 the	35	priority	eco-regions/priority	places	 for	
the	global	conservation	efforts	of	the	World	Wide	Fund	for	Nature	(WWF).	

	

Figure 1: The woodland and river system network of the Miombo eco-region 

The	use	of	fossil	fuels	is	a	major	contributor	to	Green	House	Gas	(GHG)	emissions	that	lead	to	global	
warming	and	climate	change.	The	emissions	include	carbon	dioxide,	methane	and	nitrous	oxide	and	
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are	 caused	 by	 human	 activities	 such	 as	 combustion	 of	 fossil	 fuels,	 industrial	 processes	 and	
deforestation.	Whilst	African	countries	still	contribute	very	little	to	GHG	emissions	through	fossil	fuel	
combustion	compared	to	the	United	States	of	America	(USA)	and	the	European	Union	(EU),	the	net	
loss	of	forests,	and	hence	GHG	emissions	from	deforestation,	 is	 largest	 in	Africa	and	Latin	America	
(FAO,	2010).	Wood	energy	accounts	for	over	80%	of	the	primary	energy	needs	of	Miombo	woodland	
countries.	Alternative	and	conventional	energy	sources	such	as	electricity	and	petroleum	products	
are	beyond	the	reach	of	the	bulk	of	the	region’s	predominantly	poor	citizens	due	to	their	prohibitive	
costs	 and	 limited	 availability.	 For	 example,	 overall	 access	 to	 electricity	 is	 14%,	 25%	 and	 34%	 in	
Mozambique,	Zambia	and	Zimbabwe	respectively	(Zhou,	et	al,	2011).	Over-reliance	on	wood	energy	
is	contributing	to	deforestation	and	reduced	capacity	of	 forests	 to	sequestrate	carbon	dioxide	and	
thus	 reduce	Green	House	Gas	 (GHG)	emissions.	At	 the	 local	 level,	households	now	 travel	 for	 long	
distances	 in	 search	 of	 wood.	 Consequently,	 improving	 energy	 access	 and	 enhancing	 energy	
efficiency	 is	 critical	 for	 sustainable	development	and	 for	achieving	Millennium	Development	Goals	
(MDGs)	 in	 Southern	 Africa.	 Without	 access	 to	 clean	 energy	 solutions,	 the	 region’s	 population	 is	
deprived	 of	 many	 potential	 livelihood	 opportunities.	 This	 entrenches	 poverty	 and	 increases	 the	
unsustainable	 use	 of	 traditional	 solid	 biomass	 (wood,	 charcoal,	 agricultural	 residues	 and	 animal	
waste)	 especially	 for	 cooking	 and	 heating.	 It	 is	 against	 such	 a	 background	 that	 the	WWF	 Energy	
Report	 proposes	 that	 by	 2050	 the	world	 could	 get	 all	 its	 energy	 from	 renewable	 sources	 (WWF,	
2011).	It	also	prescribes	a	phasing	out	of	traditional	biomass	energy	(i.e.	firewood	and	charcoal)	until	
2050.	The	report	shows	that	such	a	transition	is	not	only	possible	but	is	also	cost	effective,	providing	
energy	 that	 is	 affordable	 for	 all	 and	 producing	 it	 in	 ways	 that	 can	 be	 sustained	 by	 the	 global	
economy	and	the	planet.	However,	to	achieve	the	2050	vision,	some	40%	of	the	energy	demand	will	
need	to	be	met	from	bio-energy	(Atanasiu,	2010).	

	

Wood	energy	is	a	major	cause	of	deforestation	in	Southern	Africa	

Table	 1	 shows	 some	 renewable	 energy	 solutions	 being	 used	 in	 some	 southern	 African	 countries.	
Solutions	for	which	there	is	active	private	sector	participation	and	a	market	in	at	least	two	countries	
include	small	hydro,	solar	water	heater,	solar	photo	voltaic	(PV)	and	ethanol	(gel	fuel).	A	technology	
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needs	assessment	carried	out	by	the	Southern	African	Development	Community	(SADC)	in	some	of	
these	 countries	 in	 2000	 showed	 a	 preference	 for	 a	 technology	mix	 of	 fossil	 fuels	 and	 renewable	
energy.	 Such	 an	 energy	 mix	 preference	 is	 inconsistent	 with	 the	 WWF	 2050	 vision.	 While	 it	 is	
desirable	to	slowly	move	away	from	traditional	biomass	energy	use,	especially	 in	areas	where	this	
resource	is	scarce,	it	will	not	happen	overnight.	There	is	therefore	need	to	develop	robust	solutions	
for	more	sustainable	extraction,	production	and	use	of	traditional	bio-energy	while	putting	in	place	
strategies	and	policies	to	slowly	switch	to	other	renewable	energy	sources	based	on	biomass,	wind,	
solar	 or	 small	 hydro.	 Furthermore,	 awareness	 raising	 and	 education	 as	 well	 as	 the	 adaptation	 of	
technologies	to	local	needs	are	needed	(Denruyter,	et	al,	2009).			

Table	1	shows	renewable	energy	solutions	used	in	some	Miombo	eco-region	countries.	

Country	 Small	
hydro	

Small	
wind	

Solar	
water	
heater	

Solar	
cookers	

Solar	 PV	
(Home	
systems)	

Small	
bio-gas	

Ethanol	
(gel	fuel)	

Bio-
diesel	

Angola	 **	 *	 	 -	 **	 	 	 	
Botswana	 -	 *	 ***	 **	 ***	 	 ***	 	
Malawi	 **	 *	 **	 -	 ***	 **	 ***	 	
Mozambique	 ***	 *	 **	 -	 	 	 ***	 	
Namibia	 -	 	 ***	 **	 ***	 	 	 	

Tanzania	 **	 -	 **	 *	 	 ***	 	 	
Zambia	 ***	 -	 **	 -	 	 **	 	 	
Zimbabwe	 **	 **	 ***	 *	 ***	 **	 ***	 **	
	-No	significant	market	
*	No	installed	capacity	or	trade	but	medium	term	market	potential	
**	Few	dispersed	markets	&	some	activity	
***	Active	private	sector	and	market	
Source:	Nziramasanga,	2011	

	

Solar	power-an	emerging	green	energy	solution	in	southern	Africa	
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1.2	Bio-fuel	investments	in	Southern	Africa	

Major	sources	of	heating	and	lighting	energy	in	Southern	Africa	are	firewood	and	charcoal	followed	
by	electricity,	petroleum	and	coal.	The	region	is	a	net	importer	of	energy	in	the	form	of	fossil	fuels.	
The	 introduction	 of	 bio-fuels	 is	 therefore	 seen	 as	 a	 way	 to	 reduce	 dependence	 on	 imported	
petroleum	 products;	 stabilize	 fuel	 prices;	 ensure	 fuel	 security;	 promote	 rural	 development	 and	
investment;	reduce	poverty	and	create	employment	(Chundama,	2008;	Nhantumbo,	2008;	Sibanda,	
2008).	 In	 addition,	 bio-fuels	 have	 assumed	 global	 significance	 as	 countries	 seek	 to	 meet	 their	
domestic	 energy	 needs	 from	 renewable	 energy	 sources.	With	 growing	 evidence	 of	 the	 impact	 of	
climate	 change	 and	 the	 demand	 for	 lesser	 emissions,	 some	 developed	 countries	 (as	 major	 GHG	
emitters)	 have	 committed	 themselves	 to	 measurable	 levels	 of	 bio-fuel	 use.	 For	 example,	 the	
European	 Union	 has	 binding	 targets	 that	 its	 member	 states	 should	 ensure	 that	 10%	 of	 all	 road	
transport	fuel	comes	from	renewable	energy	by	2020.	Consequently,	the	use	and	market	of	bio-fuels	
as	transport	fuel	has	increased	tremendously	in	recent	years.	For	instance,	in	2006	the	net	EU	import	
of	bio-diesel	was	about	3	PJ	whilst	 in	2009	 it	was	around	68	PJ	 (Lamers,	et	al,	2011).	 It	 is	used	 to	
power	 cars	 and	 other	 vehicles	 such	 as	 farm	 tractors,	 boats	 and	 aeroplanes.	 Strong	 incentives,	
coupled	with	other	industry	development	initiatives	have	given	rise	to	fledging	bio-fuel	industries	in	
Europe,	Asia,	 South	America	 and	Australia.	However,	 the	 future	 bio-fuel	market	 for	 the	 transport	
sector	 will	 be	 highly	 sensitive	 to	 growth	 in	 domestic	 production,	 world	 economic	 status	 and	 the	
development	of	new	technologies	 (e.g.	 second	generation	ethanol	or	electrification).	For	 instance,	
EU	 imports	 of	 both	 bio-diesel	 and	 bio-ethanol	 decreased	 between	 2008	 and	 2009	 (Lamers,	 et	 al,	
2011).	

The	 increased	 focus	 on	 bio-fuels	 has	 opened	 investment	 opportunities	 for	 Southern	 African	
countries	 with	 suitable	 land	 and	 water	 resources	 for	 feedstock	 production.	 The	 bulk	 of	 these	
investments	 will	 be	 in	 the	 production	 of	 liquid	 bio-fuels	 such	 as	 bio-ethanol	 and	 bio-diesel.	 Bio-
ethanol	 is	made	 from	vegetable	materials	 such	 as	maize,	 sugarcane,	 sweet	 sorghum	and	 cassava;	
and	 bio-diesel	 from	 oil	 seed	 crops	 like	 soyabean,	 groundnuts,	 coconut,	 sunflower	 and	 jatropha.	
Mozambique	has	the	highest	number	of	projects	planned	for	bio-fuel	 feedstock	production	 largely	
because	of	a	perceived	availability	of	large	tracts	of	idle	land.	Most	of	the	projects	focus	on	jatropha	
production.	 For	 example,	 of	 the	 60	 000	 ha	 of	 land	 allocated	 to	 Energem	Resources	 Inc	 (a	United	
Kingdom	and	Canadian	company),	10	000	ha	were	to	be	put	under	a	jatropha	plantation	by	the	end	
of	 2008	 and	 there	 were	 plans	 to	 establish	 a	 smallholder	 scheme	 adjacent	 to	 the	 plantation	
(Mughogho	&	Mafongoya,	2009).	 In	addition,	 some	existing	 sugar	 companies	are	expanding	areas	
under	sugarcane	with	the	aim	of	producing	bio-ethanol	from	molasses	which	is	currently	used	as	a	
livestock	feed	in	Zambia	and	is	exported	in	Mozambique.	

Sugarcane	 is	 being	 produced	 under	 large	 plantations	 by	 private	 investors	 and	 on	 small	 fields	 by	
smallholder	 farmers	 in	 countries	 such	 as	 Malawi,	 Zambia	 and	 Zimbabwe.	 Private	 companies	
sometimes	 partner	 with	 smallholder	 farmers	 under	 out-grower	 scheme	 arrangements.	 The	 latter	
enable	 large	 sugar	 companies/estates	 to	 reduce	operational	 costs	 and	 to	optimize	 the	productive	
capacity	 of	 their	 processing	 plants	 by	 partnering	 with	 smallholder	 farmers	 to	 grow	 part	 of	 the	
feedstock.	Under	 this	 arrangement	out-growers	 enter	 into	 a	 formal	 agreement	with	 a	 large	 sugar	
company.	The	 latter	may	provide	key	 inputs	such	as	planting	material,	 fertilizer,	pesticides,	quality	
control,	 training,	 technical	advice	and	a	market	 for	 the	 feedstock.	WWF	conducted	a	study	on	the	
effectiveness	 of	 sugarcane	 out-grower	 schemes	 at	 Kaleya	 in	 Zambia	 and	 Mpapa	 in	 Zimbabwe	
(Shumba,	et	al,	2011).	The	study	showed	that	the	success	of	such	schemes	depends	on	the	following:	

• The	existence	of	sizeable	investments	in	basic	infrastructure	and	related	support	services	by	
government	and	sugar	companies;	

• Secure	 land	tenure	arrangements	that	enable	participating	farmers	to	adequately	 invest	 in	
feedstock	production	activities;	
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• Adequately	 trained	 farmers	who	are	able	 to	effectively	manage	the	 feedstock	and	achieve	
high	cane	yields;	and,	

• Strong	farmer	associations	that	can	lobby	for	better	cane	prices.	

Malawi	 and	 Zimbabwe	 have	 had	 commercial	 level	 bio-ethanol	 processing	 capacity	 from	molasses	
since	the	seventies	and	sixties	respectively.	They	used	to	blend	the	bio-ethanol	with	petrol	at	ratios	
of	 up	 to	 20%	 for	 fueling	 cars.	 With	 respect	 to	 bio-diesel,	 Mozambique	 aims	 to	 produce	 it	 from	
coconut	 in	 the	 short	 term	 and	 jatropha	 in	 the	medium	 term;	 and	 Zimbabwe	 from	 jatropha.	 The	
available	 capacities	 have	 however	 been	 generally	 underutilized	 due	 to	 feedstock	 shortages.	
Notwithstanding,	there	are	reports	of	some	jatropha	growers	in	Mozambique	and	Zambia	failing	to	
secure	 markets	 for	 their	 feedstock	 due	 to	 the	 absence	 or	 inadequacy	 of	 processing	 capacity	
(Nhantumbo,	 2008;	 ODCMT,	 2010).	 Such	 realities	 highlight	 a	 disconnect	within	 the	 bio-fuel	 value	
chain	which	can	be	a	disincentive	to	bio-fuel	feedstock	production.	

As	 is	 the	 case	 with	 any	 development	 initiative,	 bio-fuel	 investments	 might	 not	 yield	 the	 desired	
results	 if	not	properly	guided	and	 implemented.	Of	greater	concern	 is	 the	 fact	 that	bio-fuel	policy	
and	legal	frameworks	in	some	Southern	African	countries	are	still	evolving	and	their	provisions	are	
general	 statements	 on	 biomass	 energy,	 renewable	 energy	 or	 bio-fuels.	 They	 are	 not	 specific	 on	
strategies,	institutional	frameworks	and	supporting	legislation	for	policy	implementation	(Shumba	et	
al,	2009).	However,	a	number	of	countries	(e.g.	Mozambique)	have	made	considerable	progress	 in	
putting	 together	 appropriate	 policy	 and	 legislative	 frameworks.	 The	 role	 played	 by	 enabling	
government	policies,	 legislation	and	regulations	in	developing	a	viable	bio-fuels	 industry	cannot	be	
over-emphasized.	This	is	vindicated	by	FAO	who	stated	that	“there	is	as	yet	no	country	in	the	world	
where	 a	 bio-fuels	 industry	 has	 grown	 to	 commercial	 scale	without	 a	 clear	 policy	 or	 legislation	 in	
place	 to	 support	 the	business”	 (FAO,	2008).	Notwithstanding,	 it	 is	 critical	 that	once	 in	place,	 such	
policies,	 legislation	 and	 regulations	 are	 implemented	 and	 monitored.	 In	 addition,	 a	 national	
mechanism	 that	 brings	 together	 key	 actors	 in	 the	 bio-fuel	 value	 chain	 such	 as	 policy	 makers,	
feedstock	 producers,	 fuel	 producers,	 buyers	 and	 sellers	 is	 required.	 The	mechanism	 can	 facilitate	
synergy,	 coordination	 and	 balancing	 of	 roles	 and	 responsibilities	 among	 actors	 (e.g.	 the	
responsibility	 for	 monitoring	 the	 implementation	 of	 the	 sustainability	 criteria	 between	 the	
government	and	investors).		

	

Malawi	and	Zimbabwe	have	been	producing	bio-ethanol	from	sugarcane	since	the	60’s	and	70’s	
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1.3	Jatropha-a	preferred	bio-fuel	feedstock	

Bio-energy	 development	 in	 Africa	 has	 been	 mainly	 associated	 with	 jatropha	 and	 sugarcane	
cultivation,	 with	 isolated	 cases	 of	 using	 cassava,	 sorghum	 and	 other	 feedstocks.	 The	 choice	 of	
feedstock	is	important	in	terms	of	ensuring	best	decisions	on	land	uses,	food	security	issues	as	well	
as	the	use	of	the	products	(Denruyter,	et	al,	2010).	In	Africa,	jatropha	has	been	made	“the	crop”	for	
bio-energy	development	albeit	without	adequate	scientific	knowledge	(Ribeiro,	et	al,	2009).	This	has	
led	to	disappointments	among	farmers	in	countries	such	as	Mozambique	and	Zambia,	where	some	
of	 the	out-grower	 schemes	have	 failed.	This	demonstrates	 that	 lack	of	knowhow,	governance	and	
short	 sighted	 investment	 capital	 can	undermine	 a	 crop	 and	even	bio-energy	per	 se	 and	highlights	
that	more	research	and	development	is	needed	to	provide	sound	scientific	justification	for	choosing	
a	particular	feedstock	and	its	varieties	(Denruyter,	et	al,	2010).			

Climatic	conditions	in	Southern	Africa	favour	the	production	of	a	wide	range	of	bio-fuel	feedstocks.	A	
study	 carried	 out	 by	 WWF	 in	 five	 countries	 prioritized	 jatropha,	 sweet	 sorghum	 and	 sugarcane	
feedstocks	for	the	following	reasons	(Shumba,	et	al,	2009):	

• The	crops	were	identified	as	potential	feedstocks	by	at	least	two	of	the	five	study	countries	
as	 follows:	 Botswana-jatropha	 and	 sweet	 sorghum;	 Malawi-jatropha	 and	 sugarcane;	
Mozambique-jatropha,	sweet	sorghum	and	sugarcane;	Zambia-jatropha,	sweet	sorghum	and	
sugarcane;	and	Zimbabwe-jatropha	and	sugarcane;	and,	

• There	 is	 a	well	 established	 sugarcane	 industry	 in	 the	 region.	Molasses	 from	 the	 crop	 has	
been	 used	 to	 produce	 bio-ethanol	 in	 Malawi	 and	 Zimbabwe	 since	 1972	 and	 1965	
respectively.	

Jatropha	 is	 the	 most	 preferred	 feedstock	 across	 the	 five	 countries.	 This	 is	 largely	 because	 of	 its	
portrayal	 as	 a	 “miracle	 crop”	 that	 can	 grow	 and	 produce	 on	 marginal	 soils	 with	 limited	 to	 no	
management.	 	The	Jatropha	curcas	L	shrub	grows	wild	and	 is	cultivated	for	 its	oil	which	 is	used	to	
produce	bio-diesel.	The	shrub	originated	in	Central	America	and	the	Caribbean,	where	from	ancient	
times,	 extracts	 from	 its	 leaves	 and	 seeds	were	used	 as	medicine	 (Foster,	 n.d.).	 It	 is	 now	 found	 in	
several	tropical	and	sub-tropical	areas	and	is	alleged	to	be	invasive	(Burley,	et	al,	2009).		Portuguese	
sailors	are	said	to	have	taken	it	to	Africa	and	India,	where	its	fast	growth	and	inedible	leaves	made	it	
ideal	as	a	fence	to	prevent	livestock	from	grazing	crops.	It	is	drought	tolerant	and	grows	best	in	well	
drained	soils	but	can	survive	under	a	wide	range	of	terrains	and	soil	types.	Its	seed	and	other	parts	
are	poisonous	(foster,	n.d.).	However,	cooking	or	roasting	them	may	reduce	toxicity	and	some	parts	
of	the	shrub	may	be	eaten	 in	some	cultures.	Oils	 from	the	seeds	can	be	processed	 into	bio-diesel,	
soap	and	candles.	The	seed	cake	can	be	used	as	organic	fertilizer	after	composting	or	to	make	paper,	
cosmetics,	toothpaste,	embalming	fluid,	cough	medicine	and	other	items.		

In	Malawi,	 Zambia	 and	 Zimbabwe,	 jatropha	has	 been	 grown	as	 a	 live	 fence/hedge	by	 some	 small	
scale	 farmers.	 It	 has	 also	 been	 established	 under	 plantation	 conditions	 by	 private	 companies	 in	
countries	such	as	Mozambique	and	Tanzania.	However,	the	shrub	poses	a	number	of	challenges	that	
include	the	following:	

a.	Its	commercial	production	is	yet	to	take	off	in	Southern	Africa	and	very	few	large	scale	commercial	
plantations	 have	 been	 harvested	 and	 processed	 to	 date.	 In	 addition,	 its	 agronomic	 requirements,	
seed	 yields	 and	 economics	 are	 largely	 unknown.	 A	 WWF	 assessment	 of	 jatropha	 feedstock	
production	 under	 smallholder	 farmer	 conditions	 in	 Malawi,	 Zambia	 and	 Zimbabwe	 showed	 that	
(Shumba,	et	al,	2011):	

• Jatropha	 is	 largely	grown	as	a	 live	fence	or	alley	crop	and	receives	very	 little	management	
attention	apart	 from	annual	pruning.	This	contributes	to	 low	seed	yields	that	ranged	from	
0.1	 to	 2.3	 tons/ha	 and	 averaged	 0.8	 tons/ha	 across	 the	 three	 study	 districts	 (Table	 2).	
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Jatropha	 seed	 yield	 figures	 under	 plantation	 conditions	 are	not	 readily	 available	 as	 this	 is	
under	the	private	sector	that	is	largely	secretive;	

										Table	2:	Proportion	of	survey	farmers	falling	with	the	different	jatropha	seed	yield	categories	

Site/yield	category	 0.3t/ha	 0.8t/ha	 1.3t/ha	 1.8t/ha	
Chikwawa	district-Malawi	
No.	of	Farmers	
%	of	farmers	

	
9	
28	

	
11	
34	

	
9	
28	

	
3	
9	

Chibombo	district-Zambia	
No.	of	farmers	
%	of	farmers	

	
10	
38	

	
12	
46	

	
3	
12	

	
1	
4	

Mudzi	district-Zimbabwe	
No.	of	farmers	
%	of	farmers	

	
14	
18	

	
25	
33	

	
22	
29	

	
15	
12	

															Source:	Shumba,	et	al,	2011	

• Given	 the	 current	 low	 seed	 yields,	 low	 prices	 offered	 for	 seed	 destined	 for	 bio-diesel	
production	 and	 high	 transport	 costs	 from	 the	 farm	 to	 bio-diesel	 processing	 plants,	
smallholder	 jatropha	 feedstock	 cultivation	 for	 bio-diesel	 production	 alone	 is	 largely	
economically	unattractive;	and,	

• Growing	 jatropha	 feedstock	 for	 local	 level	 processing	 and	 marketing	 of	 value	 added	
products	 appears	 to	 be	 more	 economically	 attractive	 than	 selling	 seed	 for	 bio-fuel	
production	(Table	3).	The	value	added	products	 include:	oil	 for	cooking	and	 lighting;	soap,	
lotions	and	floor	polish;	and	organic	fertilizer	from	the	seed	cake.		

Table	3:	Gross	margin	comparison	betwen	jatropha	value	added	products	and	seed	sales	in	Mudzi	
district-Zimbabwe		

Parameter	 0.3t/ha	 0.8t/ha	 1.3t/ha	 1.8t/ha	
Gross	margin:	Soap	making	
Bars	of	soap	produced	
Income	from	soap	sales,	$/ha	
Total	variable	costs,	$/ha	
Gross	margin,	$/ha	

	
			120	
90.00	
89.84	
		0.16	

	
					320	
240.00	
223.34	
			16.66	

	
					520	
390.00	
356.84	
			33.16	

	
					720	
540.00	
490.34	
			49.66	

Gross	margin:	Seed	sales	for	bio-
diesel	production	
Income,	$/ha	
Total	variable	costs,	$/ha	
Gross	margin,	$/ha	

	
	
30.00	
54.74	
-24.74	

	
	
80.00	
81.74	
	-1.74	

	
	
130.00	
126.74	
			-1.74	

	
	
180.00	
171.74	
					8.26	

											Source:	Shumba	et	al,	2011	

b.	The	crop	takes	3-5	years	to	produce	sizeable	quantities	of	seed.	This	presents	a	challenge	to	
smallholder	 farmers	 who	 have	 to	 tie	 up	 land	 for	 some	 time	 before	 they	 realize	 economic	
returns;	and,	

c.	 The	 available	 germplasm	has	 a	 long	 fruiting	 season	 and	 its	 fruits	 do	not	 ripen	 at	 the	 same	
time.	This	makes	mechanical	harvesting	difficult	hence	crop	harvesting	is	very	labour	intensive.		

1.4	Objectives	of	the	publication	

Despite	being	touted	as	a	priority	bio-fuel	 feedstock	and	a	“miracle	shrub”	that	performs	well	
without	 adequate	 management	 on	 marginal	 soils	 (Heller,	 1996;	 Mulliken	 (2007),	 very	 little	
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factual	information	has	been	documented	on	jatropha.	Consequently,	there	is	lack	of	clarity	on	
the	actual	potential	of	the	shrub	to	contribute	to	the	energy	and	rural	development	solutions	of	
Southern	 Africa.	More	 specifically,	 there	 is	 a	 dearth	 of	 information	 along	 its	 value	 chain	 (viz.	
feedstock	production,	processing	and	product	marketing)	and	its	impacts	on	land	use	and	socio-
economic	 development.	 It	 is	 against	 this	 background	 that	 participants	 to	 a	 WWF	 regional	
workshop	convened	to	share	experiences	and	identify	opportunities	for	joint	work	on	bio-fuels	
in	Southern	Africa	highlighted	the	need	for	this	publication	on	jatropha.	The	meeting	was	held	in	
October	2010	in	Victoria	Falls,	Zimbabwe.	Most	of	the	participants	were	representatives	of	civil	
society	organizations	and	government	departments	with	some	experience	with	 jatropha.	They	
were	drawn	from	Malawi,	Mozambique,	Zambia	and	Zimbabwe.			

1.5	Methodology	used	

A	 jatropha	 chapter	 template	was	 developed	 based	 on	 key	 areas	 of	 interest	 identified	 by	 the	
Victoria	Falls	workshop.	Relevant	experts	from	the	four	countries,	the	WWF	Network	and	other	
international	 organizations	were	 invited	 to	 contribute	 to	 the	 chapters.	 On	 completion	 of	 the	
draft	chapters,	lead	chapter	authors	participated	at	a	workshop	to:	

• Critic	and	highlight	gaps	in	each	draft	chapter;	and,	
• Agree	on	general	conclusions	and	recommendations	for	the	publication.		

1.6	Format	of	the	publication	

The	 document	 consists	 of	 eight	 chapters,	 including	 this	 introduction.	 The	 second	 chapter	
provides	an	Africa	wide	perspective	of	jatropha	and	bio-fuels	while	the	next	one	focuses	on	how	
jatropha	 was	 introduced	 into	 Southern	 Africa	 and	 its	 invasiveness.	 Chapter	 4	 considers	 the	
management	 and	 productivity	 of	 jatropha	 in	 the	 region	 and	 chapter	 5	 discusses	 large	 scale	
jatropha	 based	 biodiesel	 production	 and	 utilization.	 Chapter	 6	 presents	 a	 market	 analysis	 of	
community	 level	 jatropha	 value	 added	 products	 while	 Chapter	 7	 deals	 with	 the	 impacts	 of	
jatropha	 investments	 on	 livelihoods	 and	 the	 environment.	 The	 final	 chapter	 provides	 lessons	
learnt	and	recommendations.	
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CHAPTER	2:	JATROPHA	AND	BIO-FUELS-AN	AFRICA	WIDE	OVERVIEW	

Rocio	Diaz-Chavez	

2.0	Introduction	

Bioenergy	production	systems	have,	 in	the	last	few	decades,	been	seen	as	an	opportunity	 in	many	
development	 countries	 for	 contributing	 to	 poverty	 alleviation	 and	 sustainable	 rural	 development.		
Different	 authors	 (Mangoyana,	 2009;	 Diaz-Chavez,	 2010;	 Bogdanski,	 et	 al,	 2010)	 have	 identified	
possible	benefits,	including	energy	security;	diversification	of	rural	income	and	job	creation;	poverty	
reduction;	 and	 promotion	 of	 better	 environmental	 management.	 Although	 some	 other	 negative	
impacts	have	also	been	reported	(e.g.	Cotula,	2008).	By	providing	access	to	energy,	and	stimulating	
the	agricultural	sector	in	general,	bioenergy	schemes	can	help	to	improve	livelihoods	and	reduce	the	
vulnerability	 of	 the	 rural	 poor	 in	 developing	 countries.	 Between	 2002	 and	 2007,	 oil	 consumption	
across	Africa	increased	by	15%	while	expenditure	tripled,	with	some	countries	now	spending	up	to	
40%	of	their	foreign	exchange	on	petroleum	imports	(SCOPE,	2009).	Domestically	produced	fuel	for	
internal	consumption	could	have	substantial	macro	and	micro	economic	benefits	not	only	in	terms	
of	foreign	exchange	savings	but	by	ensuring	that	money	spent	on	fuel	is	directly	fed	back	into	local	
communities	thereby	further	stimulating	rural	development	(Frank,	2009).		

Global	interest	on	bioenergy	systems	has	increased	and	has	been	driven	by	the	setting	of	targets	and	
policies	in	different	countries.	The	European	Union	(EU)	Renewable	Energy	Directive	(RED,	2009)	set	
targets	for	the	consumption	of	bio-fuels	in	the	EU’s	domestic	markets,	from	2	percent	in	2005,	to	6	
percent	in	2010	and	finally	 increasing	to	10	percent	by	2020.	Within	the	EU,	the	area	dedicated	to	
growing	 oilseeds	 for	 energy	 use	 is	 taking	 up	 22	 percent	 of	 the	 land	 cultivated	 for	 oilseed	 crops	
(O’Connel,	2009).	To	meet	its	target	volumes	for	2020,	the	EU	would	have	to	dedicate	84	percent	of	
its	 oilseed	 area	 (Doornbosch	 &	 Steenblik	 2007).	 As	 this	 is	 unlikely	 to	 occur,	 recent	 attention	 has	
shifted	 to	 Africa	 where	 there	 is	 a	 perceived	 availability	 of	 both	 land	 and	 cheap	 labour.	 Watson	
(2007)	reported	that	Africa	has	about	750	million	ha	of	potential	agricultural	land	that	could	be	used	
for	the	production	of	energy	crops	(Watson,	2007).	Nevertheless,	figure	on	land	availability	jhave	to	
be	cautiously	considered	and	reviewed.	

The	increased	interest	 in	biofuels	 in	Africa	in	particular	became	part	of	the	perceived	need	to	fill	a	
niche	 in	 the	 fuels	market	with	 production	 countries	with	 available	 land	 and	where	 investment	 in	
plantations	was	 considered	 a	 fair	 business	 opportunity.	 This	 chapter	 provides	 an	 overview	 of	 the	
spread	of	Jatropha	curcas	L.	in	Africa	and	some	of	the	current	practices	and	impacts	of	this	crop.	

2.1	Preferred	bio-fuel	feedstocks	and	their	geographical	spread	

Sub-Saharan	Africa’s	potential	for	bioenergy	production	has	been	reviewed	(see	Smeets	et	al,	2004;	
Diaz-Chavez	and	Jamieson,	2010;	Watson	and	Diaz-Chavez,	2011)	suggesting	a	large	capacity	due	to	
the	availability	of	 large	areas	of	suitable	cropland	as	well	as	areas	of	unused	pasture	 land	and	the	
low	 productivity	 of	 agriculture.	 Two	 main	 biofuels	 are	 envisaged:	 ethanol,	 as	 a	 petrol	
substitute/additive	 and	 biodiesel,	 as	 a	 diesel	 substitute/additive.	 The	 two	 bio-fuels	 are	 also	
important	 for	 use	 at	 the	 local	 level,	 for	 generating	 electricity	 (e.g.	 straight	 vegetable	 oils)	 or	 for	
cooking	stoves	(e.g.	ethanol	gel).	

Ethanol	 can	 be	 produced	 from	 three	 main	 types	 of	 biomass	 raw	 materials:	 (a)	 sugar-bearing	
materials	(such	as	sugar	cane,	molasses,	and	sweet	sorghum);	(b)	starch-bearing	materials	(such	as	
corn,	 cassava	 and	 potatoes)	 and	 (c)	 cellulosic	 materials	 (such	 as	 wood	 and	 agricultural	 residues,	
whose	 carbohydrate	 form	 is	 more	 complex.	 First	 generation	 biodiesel	 relies	 on	 vegetable	 oils	 as	
feedstock,	including	palm	oil,	soybean,	jatropha,	oilseed	rape,	sunflower	as	well	as	cooking	oil	that	
has	been	used.	First	generation	biodiesel	is	a	vegetable	oil	which	is	processed	by	transesterification	
using	 methanol	 and	 a	 catalyst	 (Diaz-Chavez	 and	 Jamieson,	 2010).	 Key	 crops	 for	 producing	 first	
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generation	biofuels,	particularly	in	Southern	Africa,	include:	sugar	cane,	sweet	sorghum,	cassava	and	
maize	for	bioethanol.	For	biodiesel,	soybean,	sunflower,	jatropha,	and	palm	oil	are	used.	Other	crops	
have	 been	 investigated	 but	 yields	 and	 knowledge	 about	 them	 for	 large	 scale	 production	 are	 still	
limited.	

Jatropha	cultivation	has	varied	across	the	different	regions	in	Africa.		In	2004,	for	instance,	some	400	
million	 jatropha	trees	were	planted	on	45,000	ha	 in	North	West	Province	of	South	Africa	(Watson,	
2009).	The	South	African	Government	called	for	a	moratorium	on	further	commercial	planting	and	
then	banned	it	altogether	as	it	was	considered	to	be	an	invasive	species	(Diaz-Chavez	and	Jamieson,	
2010).	Some	communities	are	still	using	it	but	not	as	large	scale	plantations.	In	2008	GEXI	reported	a	
total	 of	 900,000	 hectares	 of	 jatropha	 in	 Sub-Saharan	 African,	 with	 an	 estimated	 projection	 of	
125,000	 out	 of	 12.8	million	 ha.	 But	many	 of	 the	 projects	 have	 yet	 to	materialise.	 At	 present,	 the	
Dutch	 Environmental	 Agency	 is	 conducting	 a	 study	 on	 Jatropha	 in	 Sub-Saharan	 Africa	 and	 other	
regions	to	gather	data	including	the	productivity	of	the	crop	(NL	Agency,	2012).	

2.2	Niche	of	jatropha	feedstock	in	the	African	land	use	system	

Jatropha	curcas	L	is	a		non-edible	crop,	considered	to	be	resilient	enough	to	grow	in	semi-	arid	and	in	
drought	conditions.	 It	 is	known	to	have	been	 introduced	 in	Africa	and,	according	to	van	Eijck	et	al	
(2012),	 most	 of	 the	 cultivated	 crop	 is	 from	 a	 variety	 from	 Cape	 Verde	 although	 varieties	 from	
Nicaragua	and	Mexico	can	also	be	found	in	the	continent.	Some	varieties	seemed	to	be	poisonous	
and	some	other	edible.	 It	has	been	planted	 in	Africa	as	protective	hedge	around	 fields	 to	prevent	
animal	grazing	as	well	as	marking	boundaries.	In	the	last	few	years	it	has	been	widely	promoted	as	a	
bio-fuel	 crop	 for	 small	 and	 large	 scale	 cultivation	 to	 provide	 mainly	 rural	 electrification	 and	
additional	income	(Kurtulus,	2009).		

Producing	bio-fuels	on	degraded	land	is	seen	as	an	opportunity	that	requires	limited	input	in	terms	
of	both	 labour	and	 fertilisers	and	 it	also	side-lines	 the	controversy	 in	 the	 food	versus	 fuel	debate.	
Recently	 available	 data	 about	 productivity,	 socio-economic	 issues,	 toxicity	 and	 costs	 also	 raises	
questions	 about	 the	 avowed	benefits	 of	 the	 feedstock.	 This	 is	 particularly	 the	 case	 for	 large-scale	
plantations,	 where	 additional	 inputs,	 such	 as	 fertile	 land,	 irrigation	 and	 fertilizers	 are	 needed	
(Jongschaap	et	 al,	 2007;	 van	Eijck	et	 al	 2012).	 	Notwithstanding,	 jatropha	 is	 a	perennial	 crop	with	
limited	impact	on	soils	relative	to	annual	crops	and	needs	relatively	 low	technology	for	conversion	
into	biodiesel	(Songela	and	MacLean,	2008).	

Three	main	factors	regarding	land	use	are	important	for	the	production	of	bioenergy	crops	in	Sub-
Saharan	Africa.	They	are	land	availability,	land	tenure	and	the	manner	of	production	as	highlighted	
below.	

Land	availability	is	one	of	the	main	issues	with	studies	showing	that	there	is	is	enough	arable	land	for	
both	 food	 and	 bioenergy	 crops	 production	 for	 national	 and	 export	 markets.	 Takavarasha	 et	 al.	
(2005),	for	instance,	assessed	the	cases	of	Angola,	the	Democratic	Republic	of	Congo,	Mozambique,	
Tanzania	and	Zambia.	They	concluded	that	by	allocating	 less	 than	10%	of	 their	cropland	to	energy	
crops,	these	countries	were	able	to	cover	their	energy	needs	(Watson	and	Diaz-Chavez,	2011).	Diaz-
Chavez	 et	 al.	 (2010)	 also	 examined	 the	 case	 of	 Kenya,	Mali,	Mozambique,	 Senegal,	 Tanzania	 and	
Zambia,	where	a	review	 land	of	 land	availability	seemed	to	be	enough	for	a	significant	 increase	 in	
both	 energy	 and	 food	 crops	 production,	 whilst	 it	 is	 possible	 to	 improve	 agriculture	management	
practices	and	investment.	

As	Schoneveld	(2010)	has	reported,	though,	few	of	the	proposed	developments	have	gone	beyond	
the	inception	stage.		A	large	amount	of	land	has	been	secured,	since	2005,	for	feedstock	cultivation	
in	different	countries	including	1.1	million	ha	Ghana;	900	000	ha	in	Madagascar;	approximately	640	
000	 ha	 in	 Tanzania;	 600	 000	 ha	 in	 Zambia;	 and	 500	 000	 ha	 in	Mozambique	 (Schoneveld,	 2010).	
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Nevertheless,	 Pangea	 (2011)	 reported	 that	 of	 the	 proposed	 projects,	 only	 a	 few	 have	 been	
implemented,	whereas	not	all	of	the	 land	envisaged	was	to	be	used	for	bioenergy	projects	but	for	
food	cultivation.	

On	land	tenure,	numerous	studies	have	also	been	published,	mainly	prompted	by	the	concern	with	
displacement	 of	 communities	 and	 the	 arbitrary	 appropriation	 of	 land	 (e.g.	 Cotula	 et	 al	 2008;	
Schoneveld	et	al,	2011).	Land	tenure	in	Africa	is	a	difficult	issue	as	it	takes	different	forms	frequently	
combining	 state	 ownership,	 customary	 and	 private	 rights.	 But	 there	 have	 been	 reports	 of	 loss	 of	
access	to	 land	and	land-based	livelihood	resources	(e.g.	Cotula	et	al,	2008).	Also,	some	of	the	land	
that	 seems	 to	be	available	 in	Africa	 is	 actually	 used	by	 local	 communities	 for	 a	 range	of	 activities	
such	as	pastoralism,	fuel	wood	collection	and	areas	designated	for	cultural	practices	(Watson,	2009;	
Schoneveld,	2010;	Watson	and	Diaz-Chavez,	2011).	

Regarding	 forms	 of	 production,	 many	 studies	 exist	 that	 have	 examined	 the	 different	 types	 of	
production	and	business	models	encountered	in	Africa.	Kurtulus	(2009)	reported	on	the	differences	
between	 existing	 biofuel	 companies	 and	 their	 business	models.	 Promotion	 of	 small-scale	 farming	
practices	may	have	positive	effects	at	the	 local	 level	 (Sosovele,	2009).	Large-scale	 investments	can	
bring	the	economies	of	scale	needed	to	provide	reliable	markets	for	jobs	and	additional	income	for	
the	 local	 communities	 if	 they	 work	 in	 a	 sustainable	 form	 and	 demonstrate	 benefits	 for	 the	 local	
communities	 through	 different	 business	 forms.	 In	 addition,	 hybrid	 systems,	 linking	 large-scale	
investors	with	small-scale	farmers	may	also	bring	benefits	to	both	(Kurtulus,	2009).	

Vermeulen	and	Cotula	(2010)	define	a	business	model	as	the	way	in	which	a	company	structures	its	
resources,	 partnerships	 and	 customer	 relationships	 in	 order	 to	 create	 and	 capture	 value.	 They	
recognised	three	different	types	of	business	models.	There	is	contract	farming,	involving	pre-agreed	
supply	agreements	between	company	and	 farmers.	There	 is	also	 the	model	of	contracts	based	on	
terms	on	delivery	dates,	volumes	and	quality,	which	may	 include	a	core	estate	model	combining	a	
large-scale	 plantation	with	 contract	 farming	 (“outgrowers”).	 The	 third	model	 is	 that	 of	 large-scale	
farming	 based	 on	 a	 great	 variety	 of	 arrangements,	 from	 direct	 purchases	 of	 government	 leases	
through	 to	 partnerships	 with	 local	 groups,	 which	 may	 also	 include	 joint	 ventures.	 Therefore	 the	
possibilities	for	investment	in	different	areas	in	Southern	Africa	are	varied.	The	legislation	system	is	
in	 place	 in	 most	 countries	 although	 the	 enforcement	 and	 governance	 may	 require	 some	 further	
years	to	clearly	demonstrate	a	system	that	favours	the	local	farmer	more.	
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Large	scale	Jatropha	cultivation	in	Tanzania	

2.3	General	jatropha	feedstock	management	practices	and	seed	productivity	

Large	 scale	 and	 out-growers	 model	 projects	 exist	 in	 countries	 such	 as	 Tanzania,	 Mozambique,	
Zambia,	 Malawi	 and	 Zimbabwe.	 Benchmarking	 is	 difficult	 as	 the	 climate,	 soil	 and	 agricultural	
practices	 differ	 widely	 between	 these	 regions.	 Seed	 yields	 reported	 for	 different	 countries	 and	
regions	also	vary	widely	and	range	from	0.1t	to	15	t/ha/year	(van	Eijck	et	al,	2012).	Seed	productivity	
seems	to	be	dependent	on	a	range	of	 factors	 that	 include	water,	 soil	conditions,	altitude,	sunlight	
and	 temperature.	 Additionally,	 it	 depends	 on	 crop	management:	 low	 input	 systems	will	 generate	
lower	yields,	while	 intermediate	and	high	 inputs	will	produce	 inputs	closer	 to	the	maximum	yields	
(van	Eijck	et	al,	2012).	Large	scale	management	practices	for	jatropha	feedstock	have	been	reported	
by	different	authors	(e.g.	Jongschaap,	et	al,	2007;	Achten,	et	al,	2008;	van	Eijck,	et	al,	2012).	Figure	1	
summarises	the	jatropha	feedstock	value	chain.	
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Figure	1:	Simplified	activities	in	jatropha	feedstock	value	management	

2.4	Jatropha	products	

Jatropha	has	been	widely	known	as	a	‘light	tree’	across	Africa.	Seeds	constitute	70%	of	the	shrub’s	
fruit	mass.	When	 processed,	 crude	 vegetable	 oil	 comprise	 a	 third	 of	 the	 seed	 and	 the	 remaining	
residue	can	be	used	to	produce	press	cake-	a	highly	valuable	by-product	useful	as	a	fertilizer	and	raw	
material	 for	 biogas	 plants	 (Kim,	 2009).	 The	 oil	 can	 be	 extracted	 mechanically	 and/or	 chemically.	
Although	the	latter	method	results	in	higher	oil	productivity,	it	is	not	popular	in	developing	countries	
due	to	high	material	costs	(Kim,	2009).	Crude	Jatropha	oil	shows	a	viscosity	value	that	is	close	to	that	
of	diesel	fuel.	Around	50%	is	the	advisable	proportion	oil	to	be	used	in	compression	ignition	engines	
without	 major	 operational	 difficulties.	 However,	 the	 appropriate	 blending	 ratio	 may	 vary	 with	
combustion	temperature	(Kim,	2009).	 Jatropha	oil	has	been	used	on	modified	generators	 in	Multi-
Functional	Platforms	for	energy	generation	at	a	small	scale	operational	level	(Sawe	et	al,	2011).	

At	community	level	jatropha	oil	is	used	to	produce	a	wide	range	of	products	that	include	laundry	and	
bath	soap.	Sinkala	and	Johnson	(2012)	recommend	that	emphasis	should	be	on	feedstocks	that	can	
produce	a	variety	of	products	rather	than	biofuels	alone.	Furthermore,	expanding	the	use	of	some	of	
these	 by-products	may	 improve	 the	 access	 of	women	 to	 employment.	 For	 example,	women	may	
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produce	soap	as	a	means	of	generating	additional	 income	(Sinkala	and	Johnson,	2012;	Sawe	et	al,	
2011).	

2.5	 Impact	of	 large	 scale	bio-fuel	 investment	on	 community	 livelihoods	and	 the	environment	 in	
Africa.	

Large	 scale	 biofuel	 investments	 have	 been	 made	 in	 African	 countries	 with	 different	 types	 of	
feedstock	ranging	from	sugar	cane	to	cassava	and	palm	oil	to	jatropha.	Generally,	data	on	large	scale	
investments	 for	 jatropha	 are	 not	 fully	 reported	 in	 the	 literature	 and	 the	 data	 is	 based	 more	 on	
anecdotal	information	rather	than	on	scientific	data.	Nevertheless	some	of	the	main	points	that	are	
recurrent	 regarding	 the	 impacts	of	 large	 scale	 investments	are:	 land	use	change	and	carbon	stock	
change;	food	security	 issues;	 livelihoods	associated	to	reduction	of	poverty	and	rural	development	
as	highlighted	below.		

Land	use	change		

Despite	the	obvious	impacts	of	large	scale	jatropha	feedstock	production	on	land	use	change	such	as	
loss	 of	 biodiversity,	 green	 house	 gas	 (GHG)	 emissions	 and	 impacts	 on	 water	 and	 soil,	 the	 most	
controversial	is	still	indirect	land	use	change	(ILUC)	because	there	has	not	been	a	proper	definition,	
an	agreement	on	how	to	solve	it	or	a	methodology	to	mitigate	the	impacts	(e.g.	 .	Rosillo-Calle	and	
Johnson	(2010)	summarise	ILUC	as	the	phenomenon	when	biofuel	crops	displace	agricultural	crops	
which	 have	 to	 be	 produced	 on	 additional	 agricultural	 land	 elsewhere	 (same	 country	 or	 other).	
According	to	the	authors,	the	methodology	for	assessing	ILUC	includes	data	modelling	and	economic	
analysis.	Nevertheless,	 the	argument	with	a	 Jatropha	plantation	 is	 that	 it	not	necessarily	needs	 to	
change	land	use	if	it	is	grown	as	hedges	or	if	it	uses	only	part	of	the	farmers	land	to	avoid	the	conflict	
with	 food	 production.	 Nevertheless,	 large	 scale	 Jatropha	 investments	 have	 had	 more	 focus	 on	
jatropha	monoculture	plantations	rather	than	hedges.		

Food	security	issues	

Some	of	the	main	concerns	on	food	security	were	originally	derived	from	the	controversy	of	 ILUC.	
The	debate	against	the	use	of	biofuels	includes	the	increased	number	of	undernourished	people	and	
increasing	 population.	 Although	 grain	 yields	 are	 still	 increasing,	 the	 increment	 is	 at	 a	 low	 rate	
(Pimentel	et	al,	2010).	Pimentel	et	al	also	argued	that	the	water,	energy	and	land	needed	to	produce	
biofuels	 are	 those	 competing	 with	 food	 production.	 Nevertheless,	 the	 aspects	 included	 in	 food	
security	 go	 beyond	 biofuel	 production	 and	 will	 have	 to	 consider	 global	 and	 local	 markets,	 local	
conditions,	speculation,	distribution	among	others	(Diaz-Chavez,	2010).		Furthermore,	it	is	necessary	
to	 consider	 the	 difference	 between	 the	 local	 food	 insecurity	 and	 the	 larger	 scale	 e.g.	 regional,	
national	or	global).	

Some	authors	such	as	Connor	and	Hernandez	(2009)	have	considered	the	viability	of	producing	both	
food	and	fuel.	Several	projects	have	already	demonstrated	this	but	at	a	small	scale	or	with	an	out-
grower	 production	 system	 (see	Diaz-Chavez,	 2010;	 van	 Eijck	et	 al,	 2012).	Other	 studies	 have	 also	
discussed	 the	 benefits	 of	 integrated	 production	 systems.	 For	 instance	 Bogdanski	 et	 al,	 (2011)	
provided	a	view	on	the	impacts	of	biomass	production	regarding	food	security	and	how	through	an	
integrated	 system	 (integrated	 food	 and	 energy	 system-IFES)	 it	 is	 possible	 to	 produce	 food	 and	
energy	 through	 an	 ecosystem	 approach.	 According	 to	 the	 authors,	 this	 can	 be	 achieved	 in	 two	
forms:	either	combining	the	production	of	food	and	biomass	for	energy	generation	on	the	same	land	
(for	example	using	multiple-cropping	systems)	or	by	maximizing	synergies	between	food	crops	and	
other	rural	activities	(e.g.	livestock,	fish	production	and	sources	of	renewable	energy).	
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Jatropha	intercropped	with	cotton	in	Mali	

Livelihoods	and	rural	development	

Some	 of	 the	 discussion	 associated	 to	 rural	 development	 and	 poverty	 has	 included	 the	 possible	
benefits	of	biofuels	production	on	these	two	areas.	Diaz-Chavez	(2010)	discussed	the	complexities	of	
poverty	as	a	social	phenomenon	and	the	many	dimensions	 it	has.	To	the	present,	the	evidence	on	
the	link	between	biofuels	and	poverty	reduction	remains	unclear	as	many	of	the	projects	developed	
particularly	in	Africa	do	not	have	until	now	sufficient	data	to	acknowledge	this.	Nevertheless,	some	
data	is	starting	to	emerge	particularly	regarding	the	possible	local	benefits	for	jatropha	producers	in	
Africa	as	van	Eijck	et	al	(2012)	pointed	out	in	terms	of	labour	and	local	prosperity.	They	suggest	that	
local	employment	may	vary	according	to	the	business	model	proposed	and	the	local	circumstances,	
although	the	benefits	for	small	holders	and	the	poor	seem	to	be	more	evident	according	to	different	
authors.	Schoneveld	et	al	(2011)	also	considered	that	direct	employment	in	large	scale	plantations	is	
the	main	benefit.	They	conducted	a	survey	in	a	jatropha	plantation	area	in	Ghana	where	farmers	in	
general	considered	that	the	jobs	at	the	plantation	improved	their	livelihoods	due	to	an	increment	in	
the	household	income.	Nevertheless,	if	there	is	an	impact	on	livelihoods	it	will	be	perceived	through	
the	loss	of	land	and	activities	attributable	to	that	land	as	Schoneveld	et	al	(2011)	assessed	in	Ghana.	

2.6	Conclusion	

The	 impact	on	 rural	development	and	 livelihood	 improvement	of	biofuel	 investments	depends	on	
the	 business	 model	 selected	 by	 the	 investor.	 Consideration	 of	 other	 points	 already	 explored	 by	
different	authors	(see	Diaz-Chavez,	and	Woods,	2012;	Diaz-Chavez	and	Lerner,	2012;	van	Dam,	et	al,	
2010)	in	terms	of	sustainability	practices	and	schemes	may	need	to	be	incorporated	in	the	jatropha	
growth	 sector	 with	 local	 interpretations.	 Standards	 and	 schemes	 applicable	 to	 biofuels	 could	
incorporate	 better	 management	 practices	 that	 consider	 not	 only	 environmental	 aspects	 but	 also	
socio-economic	impacts	of	the	sector.		
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The	responsibility	of	 large	scale	 investors	 towards	 the	natural	environment	and	 local	communities	
will	have	 to	be	strengthened	through	national	and	regional	policies	along	with	proper	governance	
and	 enforcement	 of	 those	 policies	 and	 regulations.	 Furthermore,	 lessons	 to	 be	 learnt	 need	 to	 be	
derived	from	good	practices	that	are	not	normally	encountered	in	scientific	literature.	
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CHAPTER	3:	THE	INTRODUCTION	AND	POTENTIAL	INVASIVENESS	OF	JATROPHA	CURCAS	L.	

Member	Mushongahande	

3.0	Introduction	

Jatropha	 curcas	 is	 a	 perennial	 tropical	 shrub	 that	 is	 indigenous	 and	 native	 to	Mexico	 and	 Central	
America.	 These	 are	 the	 only	 areas	 where	 the	 plant	 has	 often	 been	 collected	 from	 undisturbed	
vegetation	(Henning,	2007),	suggesting	that	they	could	be	 its	centers	of	origin.	The	shrub	has	now	
spread	to	almost	all	tropical	and	sub-tropical	countries.	There	are	reports	of	low	genetic	variation	in	
African	and	Asian	J.	curcas	germplasm	while	highly	genetically	variable	materials	have	been	collected	
in	Central	and	South-America.	The	plant	is	believed	to	have	been	spread	by	Portuguese	sailors	from	
Central	 America	 and	 Mexico	 via	 Cape	 Verde	 and	 Guinea	 Bissau	 to	 countries	 in	 Africa	 and	 Asia	
(Jepsen	et	al,	2006;	Henning,	2008).	In	Southern	Africa,	it	was	reportedly	spread	from	Mozambique	
to	 Zambia	 and	 the	 Mpumalanga	 and	 KwaZulu-Natal	 provinces	 in	 South	 Africa	 (Begg	 and	 Gaskin,	
1994).	 It	was	 brought	 into	 Zimbabwe	 in	 1940	 (Hikwa,	 1995)	where	 it	 now	mainly	 grows	 in	 Binga,	
Mutoko,	Nyanga,	Wedza,	Chiweshe	and	Mudzi	districts	 (Jepsen	et	al,	 2006).	 The	Southern	African	
Plant	Invaders	Atlas	(SAPIA)	has	several	records	of	a	related	species,	Jatropha	gossypiifolia,	as	being	
naturalized	in	South	Africa	but	has	no	record	on	J.	curcas.	

Biodiesel	from	Jatropha	curcas	L	has	the	same	physico-chemical	and	performance	characteristics	as	
fossil	diesel	and	a	higher	cetone	number	than	other	vegetable	oils	(Zimbabwe	Biomass	News,	1996;	
Kureel,	2006).	It	therefore	requires	no	modification	of	the	motor	engine.	Furthermore,	bio-diesel	has	
a	 number	 of	 advantages	 over	 fossil	 fuels	 that	 include	 being	 safe,	 non-polluting	 and	 renewable.	
Consequently,	 several	 countries	are	already	powering	motor	vehicles	with	bio-diesel	and	 Jatropha	
curcas	 is	 increasingly	viewed	as	a	potential	bio-fuel	 feedstock.	 It	has	attracted	 interest	around	the	
world	and	internet	searches	produce	references	to	trials	and	plantings	of	the	shrub	in	Belize,	Burkina	
Faso,	 Cape	 Verde,	 China,	 Comore	 Islands,	 Egypt,	 Ethiopia,	 Ghana,	 India,	 Indonesia,	 Madagascar,	
Malawi,	Mali,	Namibia,	Nepal,	Nicaragua,	Papua	New	Guinea,	Senegal,	Somalia,	South	Africa,	Sudan,	
Tanzania,	 Tunisia,	 Uganda,	 Zambia,	 and	 Zimbabwe.	 In	 Africa	 jatropha	 plantations	 are	 spreading	
across	 most	 of	 Tanzania,	 Malawi,	 Mozambique	 and	 Zambia	 and,	 despite	 a	 current	 government	
suspension	of	 jatropha	planting,	Swaziland	is	poised	to	follow	suit	(Burley	and	Griffiths,	2009).	The	
plant	 has	 been	 known	 in	 many	 countries	 of	 sub-Saharan	 Africa	 for	 generations	 and	 planted	 as	
hedges	(to	serve	as	a	“living	fence”)	or	used	for	artisan	soap	production	and	medicinal	purposes.	It	
covered	106	000	ha	of	land	in	eight	African	countries	in	2008	and	the	area	is	expected	to	increase	to	
1.9	million	ha	in	2015	(Figure	1).	As	the	shrub	moves	into	new	territory,	questions	are	being	raised	
about	 its	potential	 invasiveness.	 Jatropha	 is	a	genus	of	approximately	175	succulent	plants,	shrubs	
and	 trees	 (some	 are	 deciduous,	 like	 Jatropha	 curcas)	 from	 the	 family	 Euphorbiaceae.	 There	 are	
differences	 in	 invasive	 potential	 among	 Jatropha	 species	 and	 J	 curcas	 is	 the	 focus	 of	 this	 paper	
(Annex	1).	The	paper	considers	the	following:	is	Jatropha	curcas	invasive,	if	so,	what	are	its	potential	
impacts	and	how	can	they	be	minimized?	
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Figure	1:Total	acreage	of	Jatropha	in	selected	African	Countries	

	

	

Source:	www.sdoils.com	

	

A	bus	running	on	biodiesel	in	Montreal,	Canada		

3.1	Is	Jatropha	curcas	L	Invasive?	
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There	are	many	definitions	of	the	term	“invasive”	species.	 In	agriculture	the	focus	 is	on	whether	a	
species	serves	a	useful	purpose	rather	than	on	whether	it	does	not	naturally	occur	in	the	area	(Low	
and	 Booth,	 2008).	 Unwanted	 species	 are	 referred	 to	 as	 pests,	 weeds,	 or	 noxious	 species.	 In	 the	
context	of	the	natural	environment,	commonly	used	terms	for	invasive	species	are	exotic,	alien,	or	
non-native.	They	indicate	the	cost	that	is	brought	to	bear	on	things	that	humankind	values	such	as	
agricultural	production,	biodiversity	and	social	amenities.	In	ecological	terms,	invasiveness	refers	to	
the	 spread	 of	 a	 non-native	 species	 in	 a	 geographical	 area.	 In	 management	 terms,	 it	 describes	 a	
species	whose	 introduction,	spread	and	abundance	 impact	on	social,	environmental	and	economic	
values	 or	 has	 the	 potential	 to	 cause	 damage.	 According	 to	 the	 Convention	 on	 Biological	 Diversity	
(CBD),	invasive	alien	species	(IAS)	are	species	whose	introduction	and/or	spread	outside	their	natural	
past	on	present	distribution	 threatens	biological	diversity	 (for	 the	purposes	of	 the	present	guiding	
principles,	 the	 term	 “invasive	 alien	 species”	 is	 deemed	 the	 same	 as	 “alien	 invasive	 species”	 in	
Decision	V/8	of	the	CBD	(CBD,	2005)).	

For	 purposes	 of	 this	 report,	 invasive	 species	 are	 defined	 as	 those	 that	 have	 spread	 beyond	 their	
natural	range	and	cause	or	have	the	potential	to	cause	adverse	social,	environmental	and	economic	
impacts.	 There	 are	 wide	 discrepancies	 in	 existing	 literature	 on	 the	 potential	 of	 J.	 curcas	 as	 an	
invader.	According	to	Hannan-Jones	and	Csurhes	(2008)	climate-matching	and	a	species’	history	as	a	
pest	 elsewhere	 are	 generally	 the	 most	 reliable	 predictors	 of	 invasive	 potential.	 In	 this	 regard	 J.	
curcas	 is	a	 ‘potential	 invader’	because	of	the	following	characteristics	(Low	and	Booth,	2007;	CABI,	
2012;	www.ecoport.org):	

• Abundant	in	its	native	range	and	has	been	reported	invasive	there;	
• Proved	invasive	outside	its	native	range;	
• Has	high	genetic	variability	and	high	reproductive	potential;	
• The	seeds	can	also	survive	several	years	in	the	soil;	
• Highly	adaptable	to	different	environments;	
• Is	a	habitat	generalist	and	is	drought-tolerant.	It	can	grow	on	almost	any	terrain,	even	on	

gravelly	sandy	and	saline	soils.	It	can	also	survive	on	about	250	mm	of	rainfall;	
• Is	not	eaten	by	livestock,	even	goats	(This	is	why	the	plant	is	used	as	a	live	fence	to	keep	out	

both	domestic	animals	and	wildlife.	There	are	unconfirmed	reports	of	wild	animals	being	
adversely	affected	after	browsing	jatropha	leaves);	

• Fast	growing	(vigorous)	and	can	produce	suckers;	
• Is	long	lived	(can	live	between	40	and	50	years);	
• Tolerates,	or	benefits	from,	cultivation,	mutilation	or	even	fire	etc;	
• Has	harmful	allelopathic	chemicals	that	affect	germination	and	seedling	vigour	of	other	

plants	(potential	to	suppress	growth	of	other	plants);	and,	
• Is	related	to	J.	gossypifolia	(Bellyache	bush)	which	is	highly	invasive	and	forms	dense	thickets	

crowding	other	plant	species.	

It	 is	 largely	due	to	 the	 foregoing	 features	 that	potentially	 invasive	species	are	being	considered	as	
bio-fuel	 feedstocks	 as	 they	 make	 them	 more	 resource	 efficient,	 which	 may	 ultimately	 result	 in	
economic	and	environmental	benefits	 linked	 to	 reduced	competition	 for	 land	and	other	 resources	
(IUCN,	2009).	This	implies	that	Jatropha	cultivation	would	entail	lower	costs	due	to	reduced	fertilizer	
and	chemical	 requirements	 to	manage	pests.	The	potential	of	 J.	curcas	to	become	 invasive	can	be	
illustrated	by	 the	 example	of	 how	Prosopis	 species	 became	 invasive	 in	many	 countries	 across	 the	
globe.	 Prosopis	 is	 a	 group	 of	 Central	 and	 South	 American	 species	 that	 seemed	 ideal	 for	 second-
generation	bio-fuels,	but	became	a	major	headache	in	other	parts	of	the	world.	Prosopis	species	are	
fast	growing,	have	low	nutrient	requirements	and	are	able	to	access	deep	sub-surface	water	in	dry	
areas.	They	are	nitrogen	fixing	and	can	improve	soil	fertility.	They	were	introduced	to	Australia,	Asia,	
and	dryland	Africa	for	fuelwood,	fodder,	shade,	to	improve	soils	and	reduce	soil	erosion.	The	species	
proved	to	be	 invasive	"due	to	 traits	such	as	 rapid	growth,	abundant	seed	production,	 tendency	to	
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form	 impenetrable	 thickets,	 ability	 to	 thrive	 in	 dry,	 saline	 soils,	 and	 foliage	 that	 is	 unpalatable	 to	
livestock".	When	demand	collapsed,	many	Prosopis	plantations	were	abandoned	without	adequate	
management	 and	 eradication.	 The	 thickets	 now	 cover	millions	 of	 hectares	 in	Africa,	 impacting	 on	
grazing	 and	 traditional	 pastoralist	 livelihoods.	 The	 dense	 thickets	 have	 outcompeted	 local	 species	
and	 lowered	 ground	 and	 stream	 flow	 levels	 in	 watersheds.	 Despite	 these	 negative	 effects,	 some	
positive	benefits	 from	Prosopis	 include	wood	and	 charcoal	 so	 there	 is	often	 conflict	over	plans	 to	
control	or	eradicate	it.		

The	 potential	 of	 J.	 curcas	 to	 become	 invasive	 is	 high	when	 bio-fuels	 are	 planted	 in	 a	 speculative	
manner	or	when	 large	tracts	of	commercial	plantations	are	abandoned.	 It	 is	only	a	 few	years	ago,	
when	biofuels	were	part	of	the	worldwide	craze	for	green	energy,	but	after	the	food	price	shocks	of	
2008,	which	saw	global	food	commodity	prices	double	or	triple	in	much	of	the	developing	world,	the	
idea	of	planting	fuel	has	lost	some	of	its	shine	(Barbee,	2010)	and	it	is	hoped	that	the	plantations	will	
not	 be	 abandoned.	 As	 indicated	 earlier,	 there	 are	 wide	 discrepancies	 in	 existing	 literature	 on	 J.	
curcas	 in	 general	 and	 its	 potential	 invasiveness	 in	 particular.	Most	 of	 the	 research	 lacks	 scientific	
consensus	 mainly	 because	 the	 plant	 has	 not	 been	 domesticated	 hence	 there	 is	 wide	 genetic	
variation	coupled	with	the	fact	that	J.curcas	has	not	been	cultivated	on	a	large	scale	for	a	long	time.	
Realities	on	the	invasiveness	of	J.curcas	vary	with	context	and	author	although	this	data	is	not	cross-
referenced	 and	 proven	 (Annex	 1).	 Some	 authors	 quote	 the	 example	 of	 how	 J.	 curcas	 has	 been	
banned	 in	Australia	 for	 fear	 of	 its	 invasive	 characteristics	 including	 being	 poisonous	 and	how	 it	 is	
being	invasive	in	the	Pacific	Islands.	There	are	two	major	jatropha	species	in	Australia,	J	curcas	and	J	
gossypiifolia	and	at	times	there	is	confusion	in	reference	to	the	two.	The	two	species	are	banned	in	
Australia	based	on	a	scientific	method	that	uses	the	Weed	Risk	Assessment	system.	The	assessment	
can	only	be	completed	after	 the	history/biogeography,	undesirable	 traits	and	biology/ecology	of	a	
plant	 have	 been	 analyzed.	 Unfortunately	 there	 is	 no	 data	 from	 Africa	 either	 because	 it	 is	 not	
recorded	 or	 the	 establishment	 of	 Jatropha	 is	 still	 in	 its	 infancy	 for	 any	 meaningful	 data	 to	 be	
gathered	and	experiences	 shared.	 In	 Southern	Africa	 J.	 curcas	 cultivation	has	been	put	on	hold	 in	
South	Africa	because	the	shrub	has	been	reported	as	invasive	elsewhere.	Box	1	highlights	realities	of	
the	shrub’s	invasiveness	in	various	countries.	

Box	1:	Realities	of	J.	curcas	invasiveness	in	various	countries	

• J. curcas has been listed as a weed in Peru, Brazil, Fiji, Honduras, India, Jamaica, 
Panama, South Africa, Indonesia, India, Galapagos Islands (Holm et al. 1991, 
GISP 2008).  

• In Fiji, J. curcas is ‘cultivated and has also naturalized along roadsides, on open 
slopes, and sometimes in forests’ (Smith 1981).  

• In Tonga, J. curcas ‘often grows in rows about plantations, along roads, and other 
places where it is used as living fence posts’ (Yuncker 1959).  

• In New Caledonia, J. curcas has been planted in hedges and is ‘common locally as 
secondary thickets’ (MacKee 1994). 

• In the Comoros Archipelago, J. curcas is invasive in coastal and intermediate-
altitude dry forest (Vos 2004).  

• In India, it is widely planted and grows ‘wild’ in the Eastern Ghats (Raju & 
Ezradanam 2002).  

• In Hawaii, J. curcas is ‘sparingly naturalised’ (Wagner et al. 1999) while in the 
Galapagos islands, ‘Jatropha has been used on a very small scale for at least 150 
years and it has not become invasive’.	

• J. curcas was declared in the Northern Territory many years ago, in response to 
concerns over its toxic seeds. Since then J. curcas is a declared weed under the 
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Northern Territory’s Weed Management Act 2001, Class A (to be eradicated) and 
Class C (not to be introduced to the Northern Territory) (Hannan-Jones and 
Csurhes, 2008).  

• J. curcas was introduced into Queensland more than 100 years ago and it escaped 
•  cultivation and was naturalised around Charters Towers by 1909 (Bailey 1909). 
• It is listed in the Global Compendium of Weeds by Randall (2002) as “Weed, 

quarantine weed, noxious weed, naturalized, introduced environmental weed and 
cultivation weed.  

• Jatropha is officially recognized as an “invasive species” in some parts of the 
world, including the United States, South Africa, Australia and Puerto Rico. The 
Global Invasive Species Programme has recommended that as such, it should not 
be used for bio-fuel production (GISP 2008).  

• Jatropha has the potential to be weedy because of its toxic seeds that can spread 
rather easily and create dense stands on uncultivated lands. It is reported as a weed 
in many places including Australia, Brazil, Fiji, Honduras, India, Jamaica, Panama, 
Puerto Rico, and Salvador. (Benge, 2006). 

• The Jatropha species are declared for several reasons, principally their toxicity to 
stock and humans, their invasiveness, and their ability to form dense stands that 
replace desirable plants in disturbed land and natural habitats. (Farmnote 244, 
2007) 
 

	

3.2	Potential	impacts	of	J.	curcas	L	as	an	invasive	species	

Once	 it	 escapes	 into	 the	 wild	 and	 becomes	 invasive,	 J.curcas	 can	 adversely	 impact	 on	 national	
economies,	biodiversity,	agriculture	and	societies	as	highlighted	in	this	section.	

Impact	on	national	economies	

Based	on	a	2006	calculation	by	the	Convention	on	Biological	Diversity	(CBD),	 IUCN	notes	that	“The	
economic	costs	of	 invasive	species	are	extremely	high”	 (IUCN,	2009).	The	calculation	put	 the	 total	
annual	cost	of	 invasive	species	to	the	United	States,	United	Kingdom,	Australia,	South	Africa,	 India	
and	Brazil	at	over	US$100	billion.	Most	of	this	cost	is	a	result	of	reduced	productivity	in	agriculture,	
forestry	 and	 other	 production	 systems	 while	 direct	 costs	 include	 damage	 to	 infrastructure,	 lost	
tourism	 revenue	 and	 costs	 of	 eradication,	 containment	 and	 management.	 However,	 given	 their	
relatively	weak	economies,	 Southern	African	 countries	 (except	 South	Africa)	will	 find	 it	 difficult	 to	
deal	with	an	invasive	such	as	J.	curcas	once	it	escapes	from	cultivation.		

Impact	on	the	environment	and	biodiversity	

Invasive	 species	 can	 change	 recipient	 ecosystems	 through	 processes	 such	 as	 competition	 with	
resident	 species	 for	 resources	 such	 as	 space,	 light,	 nutrients	 and	water.	 These	 ecological	 changes	
have	the	potential	to	negatively	impact	upon	social,	economic	and	environmental	objectives	such	as	
the	provision	of	adequate	water	supplies,	the	conservation	and	sustainable	use	of	biodiversity	and	
the	use	of	land	for	leisure	activities.	For	example,	introduced	tree	species	like	pines	and	acacias	had	
invaded	two	thirds	of	the	Fynbos	system	in	the	Western	Cape	of	South	Africa	before	major	control	
programmes	were	initiated,	causing	biodiversity	losses	as	well	as	changes	in	ecosystem	functioning	
and	hydrology	(Richardson,	et	al.	1997).	The	cost	to	restore	this	system	to	its	pristine	condition	was	
estimated	at	$2	billion	(Turpie	and	Heydenrych,	2000).	
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Allelopathic	studies	on	the	effects	of	different	parts	of	J.	curcas	on	germination	and	seedling	vigour	
of	different	medicinal	herbs	revealed	that	the	shrub	can	damage	the	biodiversity	of	an	area.	Vitexin	
and	 isovitexin,	 stigmasterol	 and	 beta-sitosterol	 from	 its	 leaves	 have	 been	 identified	 as	
allelochemicals	 responsible	 for	 its	 harmful	 effects	 on	 neighbouring	 plants	 (Rastogi	 and	Mehrotra,	
1991).	 Harmful	 allelopathic	 effects	 of	 the	 chemicals	 on	 germination	 and	 seedling	 vigour	 of	
pigeonpea	(Cajanus	cajan),	rice,	chickpeas	and	lentils	have	also	been	reported	(Oudhia,	2000).	

Impact	on	agriculture	

Environmental	 researchers	 from	South	Africa’s	Council	 for	Scientific	and	 Industrial	Research	 (CSIR)	
have	 predicted	 that	 Southern	 Africa	 will	 be	 hard	 hit	 by	 climate	 change	 over	 the	 next	 70	 years.	
Agricultural	production	is	projected	to	be	halved,	a	development	that	will	threaten	the	livelihood	of	
farmers	 in	 a	 region	 where	 70%	 of	 the	 population	 are	 smallholder	 farmers.	 Although	 J.	 curcas	 is	
unlikely	to	have	major	negative	impacts	on	agriculture	it	may	act	as	an	alternate	host	for	some	plant	
pests	such	as	the	rainbow	shield	bug	(Calidea	dregii),	a	pest	of	cotton	 in	Tanzania	and	of	sorghum	
and	 sunflower	 in	 South	 Africa	 (Parsons	 &	 Cuthbertson,	 1992).	 Consequently,	 livelihoods	 of	
communities	that	directly	depend	on	cash	income	from	such	crops	can	be	negatively	affected.	

Impact	on	society	

J.	 curcas	 is	 poisonous	 to	 livestock	 and	 to	 people	 if	 its	 seeds	 are	 consumed	 (Makkar	 and	 Becker,	
1998),	and	overdoses	cause	severe	diarrhoea	and	possible	death.	Presence	of	this	weed	in	populated	
areas	is	considered	to	be	dangerous,	as	deaths,	particularly	in	children	due	to	accidental	intake	have	
been	common	in	countries	like	India.	Presence	of	the	weed	in	wastelands	creates	an	obstruction	to	
the	movement	of	livestock,	and	cases	of	poisoning	among	cattle	have	also	been	reported.	Deaths	of	
livestock	 have	 also	 been	 reported	 in	 some	 parts	 of	 Zimbabwe	 due	 to	 poisoning	 when	 livestock	
browse	 the	 leaves	 (Karavina,	 et	 al,	 2011).	 The	 shrub	 is	 listed	 by	 the	 Queensland	 Department	 of	
Health	 as	 a	 ‘category	 2’	 and	 ‘category	 3’	 poisonous	 plant	 and	 poses	 a	 risk	 to	 human	 health	 if	
ingested.	 It	 contains	 a	 range	 of	 toxic	 compounds,	 including	 saponins,	 lectins,	 phytates,	 protease	
inhibitors,	curcalonic	acid	and	 irritant	diterpene	esters	 (Wink	et	al,	1997).	Toxicity	and	subsequent	
mortality	 has	 been	 observed	 in	 sheep	 (Ahmed	 &	 Adam,	 1979),	 goats	 (Adam	 &	Magzoub,	 1975),	
calves	(Ahmed	&	Adam	1979)	and	chickens	(El-Badwi	et	al.	1992a,	1992b)	fed	on	J.	curcas	seeds.	
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Jatropha	gossypiifolia	is	invasive	

3.3	Managing	the	invasiveness	of	Jatropha	curcas	L	

Bio-fuel	 crops	 are	 not,	 by	 definition,	 invasive	 but	 they	 can	 be,	 depending	 on	 the	 area	 they	 are	
cultivated	 and	 how	 the	 crop	 is	 grown	 and	 managed.	 The	 risk	 of	 invasion	 by	 biofuel	 crops	 and	
resulting	 environmental,	 social	 and	 economic	 impacts	 can	 be	 minimized	 through	 prevention	 and	
mitigation	measures.	 An	 IUCN	 report	 touches	 on	 four	 phases	 of	 keeping	 bio-fuel	 crops	 such	 as	 J.	
curcas	from	becoming	invasive.	They	are	planning,	importation,	and	production	plus	transportation	
and	 processing	 of	 feedstock.	 In	 the	 planning	 phase,	 all	 stakeholders,	 including	 governments,	
developers	and	investors	should	conduct	a	cost-benefit	analysis	and	environmental	assessment	that	
includes	the	potential	costs	of	an	invasion.	The	plans	should	include	a	contingency	fund	as	insurance	
for	 any	 future	 remedial	 actions	 and	 a	 commitment	 from	 the	 outset	 to	 be	 vigilant	 to	 an	 invasion	
possibility	and	take	measures	to	prevent	spread	outside	the	project	areas.	In	the	importation	phase,	
a	robust	quarantine	system	must	be	in	place.	Governments	should	strengthen	their	capacity	through	
the	National	 Plant	 Protection	 organisations	 to	monitor	 and	 enforce	 phytosanitary	 regulations	 and	
exclude	 any	 pests	 associated	 with	 the	 bio-fuel	 plants.	 With	 respect	 to	 the	 production	 phase,	 an	
Environmental	 Management	 Plan	 audited	 by	 a	 neutral	 third	 party	 should	 be	 available	 and	 a	
contingency	plan	should	be	in	place	in	the	event	of	an	escape	of	a	plant	species	that	could	cause	an	
invasion.	 A	 contingency	 fund	 to	 pay	 for	 eradication,	 containment,	management,	 or	 restoration	 is	
also	necessary.	In	the	transportation	and	processing	phase,	risks	of	invasion	should	be	minimized	by	
reducing	the	distances	that	viable	feedstocks	are	transported	and	converting	feedstocks	to	bio-fuels	
on-site.	Governments	and	developers	should	also	ensure	adequate	monitoring	of	transport	vehicles	
for	 the	 presence	 of	 seeds	 and	 plant	 feedstock	 remnants.	 In	 addition,	 all	 stakeholders	 should	
promote	awareness	among	transporters	about	the	risks	of	invasive	species.		

The	foregoing	IUCN	guidelines	are	systematic	and	credible	and	clearly	state	that	the	most	important	
action	against	 invasive	bio-fuels	such	as	J.	curcas	 is	prevention.	The	only	problem	is	that	they	may	
not	 be	 implementable	 in	 most	 Southern	 African	 countries	 due	 to	 prohibitive	 costs.	 This	 paper	
however	 encourages	 governments	 in	 Southern	 Africa	 to	 consider	 some	 of	 the	 guidelines	 that	
enforce	prevention	and	can	go	hand	 in	hand	with	 their	adopted	 J.	 curcas	production	systems.	For	
example,	governments	can	strengthen	their	National	Plant	Protection	Organizations	to	monitor	and	
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enforce	 phytosanitory	 regulations	 during	 the	 importation	 and	movement	 of	 bio-fuels	within	 their	
countries.	 With	 respect	 to	 the	 production	 phase,	 Southern	 African	 countries	 need	 to	 enforce	
environmental	 auditing	as	enshrined	 in	 their	 Environmental	Management	 Laws	of	most	 countries.	
The	countries	are	also	encouraged	to	adopt	J.curcas	production	systems	that	encourage	processing	
of	the	feedstocks	on-site	to	minimize	risks	of	invasion.	

At	 the	 practical	 level,	 jatropha	 can	 be	 managed	 through:	 cultural	 and	 sanitary	 measures;	
physical/mechanical	control;	chemical	control;	and	control	by	utilization	as	elaborated	below.	

• Cultural	 and	 sanitary	 measures:	 In	 extensive	 areas,	 infestations	 should	 be	 fenced	 off	 to	
prevent	 grazing	 and	 to	 limit	 the	 movement	 of	 contaminated	 vehicles	 and	 stock.	 The	
introduction	of	a	vigorous	pasture	in	suitable	areas	can	also	assist	in	controlling	the	rate	of	
spread	of	jatropha	(Pitt,	1999).		
	

• Physical/mechanical	 control:	 Seedlings	 and	 juvenile	 jatropha	 are	 easily	 removed	 by	 hand,	
but	 cut	 portions	 and	 hand-pulled	 plants	 should	 be	 kept	 out	 of	 contact	 with	 moist	 soil	
otherwise	regrowth	may	occur.	 In	Chhattisgarh,	 India,	hand	weeding	 is	a	common	practice	
for	the	control	of	J.	curcas	 (Oudhia	and	Tripathi,	2002).	Single	plants	of	J.	curcas	should	be	
dug	 out	 and	 burnt,	 taking	 care	 to	 remove	 as	 much	 of	 the	 tuberous	 roots	 as	 possible	
(Crothers,	1998,	Parsons	and	Cuthbertson,	2001).	
	

• Chemical	 control:	 Pitt’s	 (1999)	 recommendations	 on	 the	 control	 of	 the	 related	 species	 J.	
gossypiifolia	 suggest	 that	 individual	 or	 scattered	mature	 plants	 can	 be	 treated	with	 a	 cut	
stump	application	of	diesel	fuel	or	a	registered	herbicide,	whereas	larger	infestations	should	
be	 treated	with	 suitable	 foliar	or	 soil-applied	herbicides.	There	are	currently	no	 registered	
herbicides	or	active	off-label	permits	specifically	for	J.	curcas	even	in	Australia	but	there	is	a	
possibility	that	herbicides	being	used	against	J.	gossypiifolia	a	close	relative	of	J.	Curcas,	can	
be	used	to	manage	and	contain	the	shrub.	
	

• Control	 through	 utilization:	 A	 novel	 way	 of	 managing	 an	 invasive	 plant	 is	 through	 its	
utilization	 so	 that	 it	 is	 put	 to	 good	 use	 and	 help	 enhance	 livelihoods	 of	 affected	
communities.	 J.	 curcas	 seed	can	be	collected	and	utilized	 for	 the	production	of	oil	used	 in	
soap	making	and	other	products.	This	way	an	invasion	can	be	turned	into	a	business.	
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Annex	1:	Commonly	used	Jatropha	species	and	their	invasiveness	potential	

	

Species	 Description,	other	names	&	uses	 Invasiveness	
potential	

Jatropha	cuneata	 Limberbush:	its	stems	are	used	for	basket	making	
by	the	Seri	people	in	Sonora,	Mexico,	who	call	it	
haat.	

Unknown	

J.	curcas	 Also	known	as	physic	nut,	pinoncillo	and	Habb-El-
Meluk:	is	used	to	produce	the	non-edible	Jatropha	
oil	for	making	candles	and	soap;	and	as	a	feedstock	
for	producing	biodiesel.	

Potentially	invasive	

J.	gossiypiifolia	 Also	called	bellyache	bush:	its	fruits	and	foliage	are	
toxic	to	humans	and	animals.	

It	is	a	major	weed	
in	Australia	

J.	integerrima	Jaca	 Spicy	Jatropha:	ornamental	in	the	tropics,	
continuously	crimson	and	flowers	almost	all	year.	

Unknown	

J.	multifida	L	 Coral	plant:	bright	red	flowers,	like	red	coral,	
characterised	by	strongly	incised	leaves.	

Unknown	

J.	podagrica	 Buddha	belly	plant	or	bottle	plant	shrub:	was	used	
to	tan	leather	and	produce	a	red	dye	in	Mexico	and	
the	South	western	United	States.	It	is	also	used	as	a	
house	plant.	

Unknown	

Source:	www.bolivianland.net;	Low	and	Booth,	2007	
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Annex	2:	Realities	of	J.	curcas’	invasiveness	in	other	countries	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

• J. curcas has been listed as a weed in Peru, Brazil, Fiji, Honduras, India, Jamaica, 
Panama, South Africa, Indonesia, India, Galapagos Islands (Holm et al. 1991, GISP 
2008).  

• In Fiji, J. curcas is ‘cultivated and has also naturalized along roadsides, on open slopes, 
and sometimes in forests’ (Smith 1981).  

• In Tonga, J. curcas ‘often grows in rows about plantations, along roads, and other places 
where it is used as living fence posts’ (Yuncker 1959).  

• In New Caledonia, J. curcas has been planted in hedges and is ‘common locally as 
secondary thickets’ (MacKee 1994). 

• In the Comoros Archipelago, J. curcas is invasive in coastal and intermediate-altitude dry 
forest (Vos 2004).  

• In India, it is widely planted and grows ‘wild’ in the Eastern Ghats (Raju & Ezradanam 
2002).  

• In Hawaii, J. curcas is ‘sparingly naturalised’ (Wagner et al. 1999) while in the 
Galapagos islands, ‘Jatropha has been used on a very small scale for at least 150 years 
and it has not become invasive’.	

• J. curcas was declared in the Northern Territory many years ago, in response to concerns 
over its toxic seeds. Since then J. curcas is a declared weed under the Northern 
Territory’s Weed Management Act 2001, Class A (to be eradicated) and Class C (not to 
be introduced to the Northern Territory) (Hannan-Jones and Csurhes, 2008).  

• J. curcas was introduced into Queensland more than 100 years ago and it escaped 
cultivation and was naturalised around Charters Towers by 1909 (Bailey 1909). 

• It is listed in the Global Compendium of Weeds by Randall (2002) as “Weed, quarantine 
weed, noxious weed, naturalized, introduced environmental weed and cultivation weed.  

• Jatropha is officially recognized as an “invasive species” in some parts of the world, 
including the United States, South Africa, Australia and Puerto Rico. The Global Invasive 
Species Programme has recommended that as such, it should not be used for bio-fuel 
production (GISP 2008).  

• Jatropha has the potential to be weedy because of its toxic seeds that can spread rather 
easily and create dense stands on uncultivated lands. It is reported as a weed in many 
places including Australia, Brazil, Fiji, Honduras, India, Jamaica, Panama, Puerto Rico, 
and Salvador. (Benge, 2006). 

• The Jatropha species are declared for several reasons, principally their toxicity to stock 
and humans, their invasiveness, and their ability to form dense stands that replace 
desirable plants in disturbed land and natural habitats. (Farmnote 244, 2007) 
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CHAPTER	4:	THE	MANAGEMENT	AND	PRODUCTIVITY	OF	JATROPHA	CURCAS	IN	SOUTHERN	AFRICA	

Busiso	Mavankeni,	Patson	Nalivata	and	Danisile	Hikwa	

4.0	Introduction	

The	 need	 to	 reduce	 global	 warming,	 rising	 national	 oil	 import	 bills	 and	 	 	 total	 dependence	 on	
external	energy	supplies	has	created	opportunities	for	 	bio-fuels	sector	development	and	potential	
markets	 for	 various	 bio-fuel	 feedstocks	 in	 Southern	 Africa.	 Bio-fuels	 produced	 from	 agricultural	
biomass	provide	eco-friendly	energy	options	 that	 foster	environmental	 sustainability	 and	enhance	
livelihood	opportunities	for	rural	communities	who	depend	on	subsistence	agriculture	(Reddy,	et	al,	
2009).	There	are	more	than	a	dozen	crops	 that	could	be	grown	as	bio-fuel	 feedstocks	 in	Southern	
Africa.	They	include	sunflower	(Helianthus	annuus	L.),	soyabean	(Glycine	max	L.),	groundnut	(Arachis	
hypogaea	 L.)	 and	 cotton	 (Gossypium	 hirsutum	 L.)	 for	 biodiesel;	 and	 maize	 (Zea	 mays	 L.),	 sweet	
sorghum	 (Sorghum	 bicolor	 L.	 Moench)	 and	 sugarcane	 (Saccharum	 officiarum)	 for	 ethanol	
production.	 Cassava	 (Manihot	 esculenta	 Crantz)	 a	 crop	 largely	 grown	 for	 food	 in	 northern	
Mozambique,	 Malawi	 and	 Zambia	 has	 potential	 for	 ethanol	 production.	 	 Possible	 perennial	 tree	
feedstocks	 include	 jatropha	 (Jatropha	 curcas	 L),	 pongamia	 (Pongamia	pinnata),	moringa	 (Moringa	
olifera)	(Nyoka	et	al,	2008)	and	castor	(Ricinus	communis	L.)	(Mushaka	et.al,	2005).		

This	chapter	 focuses	on	 jatropha,	a	multipurpose	shrub	said	 to	grow	under	varied	 rainfall	and	soil	
conditions	(Mapako,	1998).		Its	seed	oil	content	of	30%	to	40%	is	comparable	to	that	of	groundnut	
(Nyoka	 et	 al,	 2008).	 	 Botswana,	 Malawi,	 Mozambique,	 Zambia	 and	 Zimbabwe	 have	 identified	
jatropha	 together	with	 sweet	 sorghum	 and	 sugarcane	 as	 high	 priority	 bio-fuel	 feedstocks	 for	 the	
region	(Shumba	et.	al.,	2009).	

4.1	Jatropha	production	zones	

	Under	natural	conditions	 jatropha	grows	well	at	elevations	below	500	metres	above	sea	 level	but		
also	 thrives	 at	 	 altitudes	 above	 1	 000	 metres	 (Wegmershus,	 et	 al,	 1980).	 It	 tolerates	 high	
temperatures	 of	 around	 28	 degrees	 celcius	 (Heller,	 1998)	 and	 is	 not	 sensitive	 to	 day	 length	
(Paramathma,	eta	al,	2004).	Very	high	temperatures	have	been	reported	to	suppress	jatropha	seed	
yield	(FACT,	2007).	Young	plants	are	susceptible	to	ground	frost	while	mature	ones	withstand	light	
frost	 but	 succumb	 to	 heavy	 ground	 frost	 and	 black	 frost	 (Heller,	 1998;	 Mavankeni,	 2011).	 It	 is	
therefore	important	to	avoid	frost	prone	sites.	The	shrub	is	best	suited	to	well-drained	soils	although	
it	can	grow	on	alkaline,	gravelly	and	shallow	soils	 (Heller,	1996;	Tigere,	2004;	and	Paramathma	et.	
al.,	 2004).	 According	 to	 the	 United	 Nations	 Department	 of	 Economic	 and	 Social	 Affairs	 (2007)	 it	
grows	well	on	marginal	lands	that	receive	400mm-500mm	of	annual	rainfall.			Munch	(1986)	cited	by	
Heller	 (1998)	 reported	 that	 jatropha	 withstood	 years	 without	 rainfall	 in	 Cape	 Verde	 and	 gave	
economic	seed	yields	in	areas	with	200mm	to	250mm	annual	rainfall		(Wegmershaus	et.	al,	1980).		

J.curcas	 is	 said	 to	 tolerate	a	wide	range	of	soil	and	climatic	conditions	and	the	so	called	“jatropha	
belt”	 stretches	 between	 30˚N	 and	 35˚	 S	 (Jongschaap,	 et	 al,	 2007).	 Areas	 potentially	 suited	 for	 its	
cultivation	 in	 Africa	 are	 given	 in	 Figure	 4.	 According	 to	 the	 figure,	 it	 can	 grow	 in	 most	 parts	 of	
Southern	Africa.	Of	the	potential	production	land	area,	1	080	million	ha	receives	around	600	mm	of	
rainfall	per	annum;	and	508	million	ha	receives	300-600	mm.	Furthermore,	most	agricultural	land	in	
Southern	 African	 countries	 is	 not	 cultivated	 (Table	 4.1).	 However,	 the	 suitability	 of	 such	 land	 for	
jatropha	feedstock	production	has	not	been	established.	In	addition,	there	is	considerable	potential	
to	 reduce	 the	 area	 currently	 planted	 to	 food	 crops	 by	 increasing	 their	 productivity.	 For	 example,	
about	60%	of	the	region’s	population	resides	in	rural	areas	and	depends	on	subsistence	agriculture	
for	 survival	with	maize	 being	 one	of	 the	most	widely	 grown	 food	 crops.	 Consequently,	 increasing	
maize	 productivity	 could	 release	 some	 land	 for	 the	 cultivation	 of	 cash	 crops	 such	 as	 jatropha	
depending	on	their	economic	viability.		
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Figure	4.1	Jatropha	production	suitability	map	for	Africa	

Source:	Parson,	2005.	

Table	4.1	Land	use	summary	for	Southern	African	countries	

Country	 Total	 land	
area,	000ha	

Forest	 area,	
000ha	

Agricultural	
area,	000ha*	

Cultivated	
area,	000ha**	

%	 of	 total	
area	
cultivated	

Angola	 124	700	 		69	800	 57	600	 	3	600	 	2.9	

Botswana	 		56	700	 		12	400	 26	000	 				400	 	0.7	

DRC	 226	700	 135	200	 22	800	 	7	800	 	3.4	

Lesotho	 				3	000	 -	 		2	300	 				300	 11.0	

Madagascar	 		58	200	 		11	700	 27	600	 	3	600	 		6.1	

Malawi	 				9	400	 				2	600	 		4	400	 	2	600	 27.5	

Mauritius	 							200	 -	 					100	 				100	 52.2	

Mozambique	 		78	400	 			30	600	 48	600	 	4	600	 	5.8	
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Namibia	 		82	300	 					8	000	 38	800	 				800	 	1.0	

South	Africa	 121	400	 					8	900	 99	600	 15	700	 12.9	

Swaziland	 				1	700	 -	 		1	400	 					200	 11.2	

Tanzania	 		88	400	 			38	800	 48	100	 		5	100	 	5.8	

Zambia	 		74	300	 			31	200	 35	300	 		5	300	 	7.1	

Zimbabwe	 		38	700	 			19	000	 20	600	 		3	400	 	8.7	

*Includes	 temporary	&	permanent	pastures	and	areas	under	permanent	and	 temporary	 crops-but	
does	not	indicate	suitability	or	availability	of	land	for	particular	purpose	

**	Includes	areas	under	both	permanent	&	temporary	crops	

Sources:	FAOSTAT,	2005;	WWI,	2006;	Johnson	&	Rosillo-Calle,	2007	

4.2	Jatropha	feedstock	cultivation	systems		

Jatropha	cultivation	 in	Southern	Africa	 is	under	 large	scale	plantations	and	smallholder	 live	hedges	
or	farm	boundary	plantings	as	highlighted	in	the	section.	

4.2.1	Large	scale	plantations	

Large	 scale	 jatropha	 plantations	 comprise	 blocks	 of	 land	 in	 excess	 of	 5	 ha	 that	 are	 owned	 by	
governments	or	private	sector	players.	 	 Jatropha	cultivation	for	bio-diesel	production	 in	Zimbabwe	
has	 been	 largely	 government	driven	 and	3	 000	ha	have	been	established	under	 this	 arrangement	
(Mushaka,	 pers	 com;	 Gexsi,	 2008).	 	 In	 countries	 such	 as	 South	 Africa	 and	 Mozambique,	 it	 was	
spearheaded	by	Sasol,	a	private	company.			 	Mozambique	proposed	plantation	sizes	of	1	000	ha	to	
400	000	ha	with	 25	ha	 family	 operated	plots	 (Jooste,	 2003).	 	 In	 Zambia	D1	Oils	 plc	 is	 planting	 an	
initial	 15	000	ha	of	 feedstock	 and	 government	has	pledged	a	 further	 174	000	ha	over	 a	 five	 year	
period.		In	addition,	Marli	Investments	Ltd	engaged	5	000	farmers	as	jatropha	out-growers	in	central	
Zambia	 (www.d1africa/zambia.php).	 In	 Swaziland,	 D1	 Oils	 plc	 signed	 a	 memorandum	 of	
understanding	 (MoU)	with	 the	government	 to	 roll-out	 the	planting	of	20	000	ha	of	 jatropha.	 	The	
company	also	signed	an	MoU	with	World	Vision	that	gave	it	access	to	3	000	ha	of	land	on	which	to	
work	 with	 communities	 supported	 by	 World	 Vision	 as	 feedstock	 out-growers	
(www.d1africa/swaziland.php).	 Out-growers	 are	 normally	 linked	 to	 large	 plantation	 estates	 that	
provide	 inputs	 (e.g.	 planting	 materials)	 and	 technical	 advise	 and	 purchase	 the	 resultant	 product	
(seed)	on	a	contract	basis	(Ganure,	2009;	Shumba,	et	al,	2011).	
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Jatropha	plantation	in	Northwestern	province,	Zambia	

Intercropping	jatropha	with	annual	crops	during	the	first	five	years	of	plantation	establishment	has	
been	 reported.	 Trials	 carried	 out	 in	Utter	 Pradesh,	 India,	 showed	 that	 groundnut	 could	 be	 grown	
successfully	between	jatropha	rows	of	3	metre	spacing.	The	groundnut	was	established	with	limited	
irrigation	during	the	dry	season	when	jatropha	plants	shed	their	leaves	(Singh,	et	al,	2007)	

	

Jatropha-maize	intercrop	in	India;	Source:	FACT	(2006)	

4.2.2	Smallholder	production	
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Jatropha	 cuttings,	 truncheons	 and	 seedlings	 are	 planted	 as	 hedges	 to	 protect	 gardens,	 fields	 and	
homesteads	 from	 wandering	 livestock	 in	 the	 smallholder	 farming	 sector	 (Mushaka,	 1998;	 Gexsi,	
2008;	Brittaine	and	Lutaladio,	2010;	Shumba	et	al.,	2011).	 	The	hedges	 form	dense	structures	and	
their	 leaves	 are	 not	 eaten	 by	 livestock	 (Henning,	 2004).	 Unfortunately,	 they	 receive	 very	 little	
management	attention	since	seed	yield	is	not	a	major	motivation	for	their	establishment	(Shumba,	
et	al,	2011).	However,	some	isolated	cases	of	deliberate	jatropha	management	have	been	reported	
in	situations	where	organized	markets	for	the	resultant	seed	exist	as	was	the	case	in	Malawi	under	
the	Bio-Energy	Resources	Ltd	initiative	(Nalivata	and	Maonga,	2011;	http://www.bery.bz).		The	shrub	
has	also	be	grown	as	an	alley/intercrop	with	annual	crops	in	areas	such	as	the	Shire	valley	in	Malawi	
(Shumba,	et	al,	2011).	The	alleys	act	as	windbreaks	for	annual	crops	that	are	in	their	establishment	
phase	as	is	the	case	in	Niger	and	Mali,	two	countries	that	experience	high	desert	winds.		The	pruning	
of	hedges	to	reduce	shading	of	neighbouring	crops	and	to	facilitate	harvesting	is	a	common	practice	
in	Mali	(Heller,	1998).		

4.3	Major	jatropha	feedstock	cultivation	challenges	

Major	 challenges	 associated	with	 jatropha	 feedstock	 cultivation	 in	 Southern	Africa	 include	 limited	
genetic	base;	and	inadequate	information	on	feedstock	cultivation	and	productivity	under	different	
environments	and	management	regimes.	They	are	elaborated	in	this	section.	

4.3.1	Limited	genetic	base		

Jatropha	 curcas	 is	 believed	 to	 be	 indigenous	 and	 native	 to	Mexico	 and	 Central	 America,	 the	 only	
areas	where	the	plant	has	been	found	undisturbed	in	the	wild	(Henning,	2007).		It	has	since	spread	
to	many	tropical	and	sub-tropical	countries	around	the	world.			The	shrub	is	believed	to	have	been	
carried	 by	 Portuguese	 sailors	 from	Mexico	 and	 Central	 America	 through	 Cape	 Verde	 and	 Guinea	
Bissau	 to	 countries	 in	 Africa	 and	 Asia	 (Henning,	 2008;	 Jepsen	 et	 al,	 2006).	 	 In	 Southern	 Africa,	 it	
probably	spread	from	Mozambique	(Begg	and	Gaskin,	1994).	 	 It	came	 into	Zimbabwe	 in	the	1940s	
(Hikwa,	 1995);	mainly	 grows	 in	 the	Binga,	Mutoko,	Nyanga,	Wedza,	 Chiweshe	 and	Mudzi	 districts	
(Jepsen	 et	 al,	 2006);	 and	 consists	 of	 one	 provenance	 that	 originally	 came	 from	 the	 Cape	 Verde	
(Mavankeni,	2011).	The	foregoing	demonstrates	the	presence	of	a	narrow	and	unimproved	jatropha	
gene	 pool	 in	 the	 region.	 There	 is	 therefore	 need	 for	 a	 deliberate	 and	 strategic	 investment	 in	 the	
collection	 of	 jatropha	 germplasm	 (from	 its	 centres	 of	 origin)	 followed	 by	 its	 characterization,	
selection	 and	 breeding	 to	 produce	 improved	 and	 higher	 yielding	 materials	 for	 use	 in	 detailed	
agronomic	work	and	for	subsequent	promotion	under	both	plantation	and	smallholder	production	
conditions.	 In	 this	 regard,	D1	Oils	plc	 initiated	a	plant	selection	and	breeding	programme	 in	Africa	
(Cape	Verde	and	Zambia)	and	Asia.	The	programme	has	identified	cultivars	with	25%	and	38%	higher	
seed	and	oil	yield	potential	respectively.	D1	Oils	plc	is	also	running	a	parallel	programme	on	jatropha	
hybrid	 development.	 Unfortunately,	 the	 company’s	 germaplasm	 has	 very	 little	 variation	
(http://africaknowledge.worldbank.org).	

4.4.2	Inadequate	information	on	feedstock	cultivation	and	productivity			

	Despite	the	current	push	for	large	scale	jatropha	plantation	development	in	Southern	Africa,	there	
is	dearth	of	reliable	scientific	information	on	the	feedstock’s	management	(e.g.	spacing,	fertilization	
and	 pruning)	 and	 seed	 yield	 (Mushaka,	 1998;	 Tigere	 et.	 al.,	 2006).	 	 In	 addition,	 information	 on	
jatropha	 yield	 found	 in	 literature	 is	 often	 contradictory	 (Heller	 (1996).	 This	 is	 partly	 because	
plantation	owners	are	reluctant	to	share	their	 information.	The	situation	 is	exercabated	by	 limited	
research	done	on	the	feedstock	regionally	and	globally.	
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A	major	constraint	to	jatropha	cultivation	is	low	seed	yields	estimated	at	0.1	tons/ha	to	12	tons/ha	
depending	 on	 the	 level	 of	 plant	 management,	 soil	 type,	 soil	 nutrient	 levels,	 rainfall	 amounts,	
germplasm	 source	 and	 tree	 age,	 among	 other	 factors	 (Francis,	 et	 al,	 2005;	 Tigere,	 et	 al,	 2006;	
Nalivata	and	Mapemba,	2011;	Openshaw,	2000).	Seed	yield	has	been	reported	to	increase	over	time	
after	 feedstock	 establishment.	 In	 Nicaragua,	 it	 increased	 from	 0.09	 tons/ha	 in	 the	 first	 year	 and	
peaked	 at	 5	 tons/ha	 in	 the	 fifth	 year	 ((Foidl,	 et	 al,	 1995).	 When	 grown	 as	 a	 live	 hedge	 under	
smallholder	 farmer	 conditions,	 jatropha	 seed	 yield	 estimates	 of	 0.1	 tons/ha	 to	 2.8	 tons/ha	 have	
been	reported	 (Shumba,	et	al,	2011).	Such	 low	seed	yield	may	not	generate	enough	 feedstock	 for	
national	bio-fuel	production	and	could	be	uneconomic	for	producers.		

With	 respect	 to	 jatropha	management	 some	work	 has	 been	 carried	 out	 on	 propagation,	 spacing,	
fertilization	and	pruning.	Jatropha	can	be	established	from	both	seed	and	cuttings.	Trees	established	
from	 seedlings	 produce	 true	 taproots	 and	 are	 more	 drought	 tolerant	 than	 those	 from	 cuttings.	
Jatropha	plant	spacing	depends	on	the	production	environment	and	system.	A	wider	spacing	of	3m	x	
3m	(1	112	plants/ha)	has	been	recommended	for	semi-arid	regions;	intermediate	spacing	of	2.5m	x	
2.5m	)for	 semi-humid	areas;	and	a	denser	spacing	of	 (2m	x	2m)	 for	humid	areas	under	plantation	
conditions.	 Wider	 spacing	 reduces	 tree	 competition	 for	 light,	 water	 and	 nutrients	 (Brittaine	 and	
Lutaladio,	2010).	Pruning	should	be	done	within	six	months	of	transplanting	and	a	second	one	in	the	
winter	 season	 of	 the	 second	 year	 after	 planting	 (Reddy	 and	 Naole,	 2009).	 The	 process,	 which	
involves	the	cutting	off	of	the	main	stem	or	the	top	branches	at	a	predetermined	height,	induces	the	
production	of	more	lateral	branches	and	increases	flower	and	fruit	production	and	light	penetration.	
The	 shrub	 tends	 to	 respond	 better	 to	 organic	 than	 inorganic	 fertilizers	 (Paramathma	 et	 al,	 2004;	
Francis,	 et	 al,	 2005).	 It	 is	 reported	 to	 develop	 symbiotic	 relationships	 with	 some	 root	 fungi	
(Mycorrhizae)	 that	 increase	 its	 assimilation	 efficiency	 of	 some	 otherwise	 unavailable	 plant	 soil	
nutrients	 such	 as	 phosphate	 (Francis,	 et	 al,	 2005;	 Brittaine,	 et	 al,	 2010).	 Some	 inorganic	 fertilizer	
work	carried	out	on	the	feedstock	in	Zimbabwe	has	been	inconclusive	(Mavankeni,	2011).		

	

Jatropha	hedge	around	a	homestead	

4.4	Conclusion	and	recommendations	
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At	current	low	seed	yields,	the	profitability	of	jatropha	feedstock	cultivation	under	both	large	scale	
plantation	and	smallholder	production	is	greatly	compromised	if	the	intended	product	is	bio-diesel	
alone.	 Furthermore,	 the	 amount	 of	 land	 required	 to	 produce	 a	 given	 quantity	 of	 bio-fuel	 under	
plantation	 conditions	 largely	 depends	 on	 the	 productivity	 of	 the	 feedstock.	 Consequently,	
substantial	amounts	of	land	will	be	required	to	support	jatropha	based	bio-diesel	production	if	seed	
yields	 remain	 low.	 The	 conversion	of	 large	 tracts	of	 land	associated	with	 this	 can	adversely	 affect	
biodiversity,	 habitat	 and	 ecosystem	 integrity,	 climate	 change	mitigation	 capacity,	 household	 food	
security	 and	 community	 rights.	 There	 is	 therefore	 need	 to	 minimize	 such	 impacts	 by	 raising	
feedstock	productivity	 (Shumba,	et	al,	2009).	The	efforts	should	 focus	on	 the	 following	 in	 the	 first	
instance:	

• Broadening	 the	 jatropha	 gene	 pool	 through	 more	 germplasm	 introductions	 and	 their	
subsequent	improvement	for	higher	seed	and	oil	yield;	and,	

• Conducting	agronomic	work	based	on	improved	jatropha	germplasm	to	enhance	the	shrub’s	
productivity.	
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CHAPTER	5:	LARGE	SCALE	JATROPHA	BASED	BIO-DIESEL	PRODUCTION	AND	UTILIZATION	IN	
SOUTHERN	AFRICA	

Milward	Kuona,	Zindikilani	Daka	and	Kudzanayi	Gwande	

5.0	Introduction	

The	concept	of	biodiesel	dates	back	to	1885	when	Dr.	Rudolf	Diesel	invented	the	first	diesel	engine	
with	 the	 intention	 of	 running	 it	 on	 vegetative	 oil	 (Biswas	 et	 al	 2006).	 Unfortunately,	 there	 was	
limited	 interest	 in	 the	use	of	vegetable	oils	as	engine	 fuels	due	 to	 the	 low	cost	and	abundance	of	
fossil	fuels	at	the	time.	However,	according	to	British	Petroleum	(BP),	world	oil	reserves	now	stand	
at	1238	billion	barrels	with	an	annual	production	rate	of	31	billion	barrels.	This	gives	an	estimated	oil	
supply	that	can	only	 last	40	years	 if	production	holds	constant	and	no	new	oil	 is	 found	(BP,	2008). 
However	with	 increasing	consumption,	oil	demand	will	overshoot	supply	before	2040	and	push	oil	
prices	 beyond	 the	 reach	 of	many.	 At	 this	 point	 it	 is	 anticipated	 that	 the	 five	major	 oil	 producing	
nations	 of	 the	 Middle	 East	 will	 control	 the	 market	 and	 increase	 world	 oil	 prices	 resulting	 in	 a	
permanent	international	oil	shock.	Figure	1	confirms	the	increase	in	crude	oil	demand	largely	pushed	
by	non	Organization	for	Economic	Cooperation	and	Development	(OECD)	countries	than	the	OECD	
countries.	However,	any	global	increase	in	crude	oil	demand	has	a	bearing	on	the	world’s	fossil	fuel	
resource	and	highlights	a	need	for	alternative	fuel	sources.	 

	

Figure	1:	Global	crude	oil	demand.	The	graph	is	based	on	the	IEA	monthly	oil	market	reports	1985	-	
2011	

The	imminent	depletion	of	fossil	fuels	globally	has	motivated	the	development	of	biofuels	as	a	fossil	
fuel	 substitute	 mainly	 for	 the	 transport	 sector.	 Historically,	 bio-fuels	 have	 been	 a	 preferred	
alternative	fuel	source	when	there	is	a	supply	crisis.	For	instance,	the	first	use	of	sugarcane	ethanol	
as	a	fuel	in	Brazil	dates	back	to	the	late	twenties	and	early	thirties	of	the	twentieth	century	when	the	
automobile	was	introduced	into	the	country.	Bio-ethanol	fuel	production	peaked	during	World	War	
II		 as	German	 submarine	attacks	 threatened	oil	 supplies.	 The	mandatory	blend	became	as	high	as	
50%	 in	 1943	 to	 ensure	 security	 of	 supply	 at	 lower	 costs	 for	 the	 country.	 After	 the	war,	 cheap	oil	
caused	gasoline	to	prevail	and	ethanol	blends	were	only	used	sporadically,	mostly	to	take	advantage	
of	sugar	surpluses,	until	 the	seventies,	when	the	first	oil	crisis	resulted	 in	gasoline	shortages.	Again	
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the	Brazilian	government	responded	to	the	crisis	by	 intensifying	the	promotion	of	bio-ethanol	as	a	
fuel	(Kovarik	2008).			

A	 more	 recent	 motivation	 for	 bio-fuels	 has	 been	 the	 need	 to	 address	 the	 global	 warming	 crisis	
through	 reduced	 Green	 House	 Gas	 (GHG)	 emissions	 as	 they	 are	 considered	 carbon	 neutral	 if	
sustainably	and	properly	produced.	It	is	against	this	background	that	European	Union	countries	set	
targets	on	bio-fuel	use	to	meet	their	international	obligations	on	GHG	emission	reduction.	However,	
European	Union	(EU)	countries	do	not	have	sufficient	land	nor	suitable	climate	for	bio-fuel	feedstock	
production	to	satisfy	EU	renewable	energy	targets	given	current	technology.	This	has	led	to	an	influx	
of	 foreign	 private	 bio-fuel	 investors	 into	 developing	 countries	 in	 the	 last	 ten	 years	 to	 tap	 into	
business	opportunities	created	by	global	bio-fuel	demand.		Within	Southern	Africa	such	investments	
are	 seen	 as	 a	 way	 to	 foster	 rural	 development	 and	 reduce	 poverty;	 and	 to	 ensure	 national	 fuel	
security	(Lerner,	et	al,	2010;	Chundama,	2008;	Nhatumbo,	2008;	Sibanda,	2009).	

Global	production	and	utilization	of	biodiesel	for	road	transportation	is	on	the	increase.	According	to	
the	 United	 States	 (US)	 Energy	 Information	 Administration	 (EIA),	 US	 producers	 manufactured	 861	
million	gallons	of	biodiesel	 in	2011,	a	significant	 increase	over	 the	506	million	gallons	produced	 in	
2009.	The	EIA	also	reported	that	the	US	consumed	772	million	gallons	of	biodiesel	in	2011	compared	
to	 229	million	 gallons	 in	 2010.	With	 respect	 to	 the	 EU,	 its	 total	 production	 for	 2010	was	 about	 3	
billion	 gallons,	 with	 Germany	 accounting	 for	 0.8	 billion	 gallons	 (Voegele	 &	 Kotrba,	 2012;	 Erixon,	
2011).	Most	 of	 the	 commercially	 sold	 biodiesel	 worldwide	 is	 from	 feedstocks	 such	 as	 soyabeans,	
canola,	palm,	sunflowers,	rape	seed	and	other	cooking	or	animal	fat	and	not	from	jatropha.	This	 is	
partly	because	 interest	 in	 jatropha	came	much	 later.	Until	 the	early	2000s,	 the	 focus	has	been	on	
jatropha	diesel	research	and	development	in	countries	such	as	India	and	Brazil.	 In	Southern	Africa,	
there	 is	a	drive	 to	promote	 jatropha	as	 the	preferred	biodiesel	 feedstock	 (Mughogho,	et	al,	2009;	
Shumba,	 et	 al,	 2009)	 through	 government	 and/or	 private	 sector	 led	 investment	 initiatives	 in	
response	to	government	pronouncements	on	biodiesel.	For	example,	Mozambique’s	bio-fuel	policy	
sets	out	a	phased	mandatory	biodiesel	and	 fossil	diesel	blending	of	3%	by	2015	and	10%	by	2021	
(Ministerio	da	Energia,	2011).	In	Zimbabwe,	a	Cabinet	directive	defined	an	initial	voluntary	biodiesel	
blending	target	of	10%	by	2010	(MOEPD,	2007).		

While	national	governments	pronounce	policy	positions	on	bio-fuel	investments,	the	private	sector	
seeks	 to	 derive	 economic	 benefits	 from	 the	 investments	 through	 project	 implementation.	
Notwithstanding,	the	governments	of	Brazil,	Malawi	and	Zimbabwe,	among	others,	have	proceeded	
to	implement	projects	on	bio-fuel	feedstock	production	and	processing;	and	on	product	distribution,	
marketing	 and	 utilization.	 For	 example,	 the	 Brazilian	 government	 responded	 to	 an	 oil	 crisis	 by	
launching	 a	 National	 Alcohol	 (ProAlcool)	 Program	 to	 reduce	 demand	 for	 imported	 fuel	 by	
supplementing	 gasoline	 with	 alcohol	 in	 1975	 (Aflamming,	 2010).	 For	 Mozambique	 and	 Tanzania,	
government	pronouncements	resulted	in	an	influx	of	private	investors	who	sought	land	to	cultivate	
energy	crops	such	as	sugar	cane	and	jatropha	for	bio-ethanol	and	biodiesel	production	respectively.	
Government	 led	 bio-fuel	 investment	 initiatives	 have	 traditionally	 focused	 on	 energy	 security	 and	
socio-economic	development	while	private	sector	led	ones	are	premised	on	business	profitability.		

This	paper	reviews	operational	modalities	of	government	and	private	sector	led	biodiesel	investment	
initiatives	in	Southern	Africa.	It	is	based	on	experiences	from	Zambia,	Mozambique	and	Tanzania	for	
private	sector	led	investments	and	from	Zimbabwe	for	public	sector	led	ones.	

5.1	Assessment	of	jatropha	based	biodiesel	investment	initiatives	

5.1.1	Government	led	investment	initiatives-Zimbabwe	

In	 1966,	 the	 then	Government	 of	 Rhodesia	 embarked	 on	 the	 production	 of	 sugarcane	 based	 fuel	
grade	ethanol	from	molasses	and	blended	it	with	fossil	petrol	up	to	15%.	The	blending	programme	
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was	terminated	in	1992	due	to	drought	and	the	creation	of	export	markets	for	potable	ethanol	(for	
beverages).	However,	interest	in	bio-fuels	was	revived	in	2005	with	the	establishment	of	an	Ad-Hoc	
Cabinet	Committee	on	 Import	Substitution	 in	 the	energy	 sector.	This	was	a	 response	 to	a	Cabinet	
decision	 that	 called	 for	 the	 re-introduction	 of	 fuel	 blending	 to	 address	 chronic	 fuel	 shortages	
experienced	 at	 the	 time.	 The	 following	 strategies	 were	 adopted:	 resuscitation	 of	 bio-ethanol	
production	 for	 blending	 with	 petrol;	 and	 the	 promotion	 of	 biodiesel	 production	 from	 jatropha	
feedstock	for	blending	with	fossil	diesel	(MOEPD,	2007).	The	directive	further	defined	initial	blending	
targets	of	10%	for	both	biodiesel	and	fossil	diesel;	and	bio-ethanol	and	fossil	petrol.	With	respect	to	
biodiesel	production,	government	established	flexi	biodiesel	processing	plants	with	capacities	of	10	
000	litres	per	day	in	Mutoko	and	60	000	litres	per	day	at	Mt	Hampden.	

In	line	with	the	Cabinet	decision,	government	launched	a	National	Biodiesel	Programme	in	2005.	The	
Programme	was	 guided	 by	 an	 Inter-ministerial	 Task	 Force	 chaired	 by	 the	Ministry	 of	 Energy	 and	
Power	Development.	 The	 latter	mandated	 the	National	Oil	 Company	 of	 Zimbabwe	 (NOCZIM),	 the	
then	national	oil	procurement	parastatal,	to	oversee	jatropha	feedstock	production	for	feeding	into	
processing	plants.	The	objective	was	to	encourage	smallholder	farmers	to	cultivate	some	100	000	ha	
of	 jatropha	 feedstock	 throughout	 the	 country	 under	 out-grower	 scheme	 arrangements.	 NOCZIM	
recruited	 the	 out-growers,	 gave	 then	 jatropha	 feedstock,	 supported	 their	 land	 preparation	 and	
provided	 technical	 knowledge	on	 feedstock	production.	Unfortunately,	most	 of	 the	 jatropha	plots	
were	poorly	managed	and	were	either	abandoned	or	have	not	yielded	much	seed	for	processing	into	
biodiesel.	 In	 addition,	 the	 established	 biodiesel	 processing	 capacity	 has	 remained	 grossly	
underutilized.	 As	 a	 stop	 gap	 measure,	 NOCZIM	 encouraged	 smallholder	 farmers	 in	 the	 country’s	
Mutoko	and	Mudzi	districts	who	grew	jatropha	as	a	 live	fence/hedge	to	harvest	seed	and	sell	 it	to	
the	government	company	for	feeding	into	idle	processing	plants.	However,	NOCZIM	was	shunned	by	
the	 farmers	 as	 economic	 returns	 from	 the	 transaction	 were	 negative	 (Shumba	 et	 al,	 2011).	 This	
highlights	 the	 need	 to	 synchronize	 all	 aspects	 of	 the	 jatropha	 bio-fuels	 value	 chain	 if	 biodiesel	
production	is	to	become	economically	viable.		

5.1.2	Private	sector	led	business	initiatives-Zambia,	Mozambique	and	Tanzania	

There	 has	 been	 an	 influx	 of	 both	 local	 and	 foreign	 companies	 seeking	 business	 opportunities	 in	
jatropha	based	biodiesel	production	for	both	international	and	domestic	markets.		Foreign	investors	
have	acquired	large	tracts	of	land	for	jatropha	feedstock	plantation	development.	For	example,	the	
Mozambique	government	allocated	191	000	ha	of	arable	land	for	bio-fuels	development	to	thirteen	
foreign	owned	companies	in	2008;	65	900	ha	to	six	companies	in	2009;	and	38	900	ha	to	another	six	
companies	 in	2010	(CEPAGRI,	2011).	 In	Zambia,	Oval	Bio-fuels	company	established	some	jatropha	
plantations	about	300	km	north	of	Lusaka	and	in	the	southern	parts	of	the	country	(BAZ,	2008).	The	
company	also	established	a	1	000	 litres/week	biodiesel	processing	plant	 in	Lusaka	which	produced	
biodiesel	for	its	own	consumption.	Given	the	secrecy	that	surrounds	such	private	sector	investments	
very	 little	 information	 exists	 on	 the	 seed	 yield	 performance	 of	 the	 plantations.	 	 However,	 some	
reports	 indicate	 that	 they	are	not	performing	according	 to	expectations	and	 that	 some	have	even	
been	 abandoned	 due	 to	 declining	 interest	 by	 the	 European	 market	 in	 African	 bio-fuels	 due	 to	
sustainability	 controversies,	 e.g.	 the	 “food	 versus	 bio-fuel”	 debate;	 failing	 feedstock	 production;	
and/or	a	volatile	fuel	market.	It	is	also	worth	noting	that	some	private	investors	are	already	scaling	
down	 on	 their	 feedstock	 production	 operations	 before	 they	 have	 even	 put	 up	 their	 planned	
biodiesel	processing	plants.	In	2012,	Sun	Bio-fuels	declared	they	were	giving	up	their	jatropha	estate	
investment	 of	 8	 000	 ha	 in	 Tanzania.	 The	 reason	 being	 that	 drought	 had	 caused	 crop	 failure	 and	
hence	investors	were	pulling	out.	

Apart	from	embarking	on	large	scale	jatropha	plantations,	private	investors	also	engage	smallholder	
farmers	 in	 jatropha	 feedstock	 production	 as	 out-growers	 (e.g.	 Diligent,	 a	 company	 operating	 in	
Tanzania).	The	motivation	for	this	company	was	twofold:	First,	obtaining	land	as	a	foreign	company	
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was	difficult	as	 the	company	had	 to	wait	 for	up	 to	 three	years.	Consequently,	working	with	 locals	
gave	 it	an	early	head	start.	Second,	 initial	costs	of	working	with	out-growers	are	much	 lower	than	
those	for	 large	scale	 jatropha	plantations	 (Eijck,	2009).	The	Bio-fuel	Association	of	Zambia	 (BAZ),	a	
consortium	Zambian	business	people,	has	also	promoted	jatropha	feedstock	production	under	both	
large	 scale	 plantations	 and	 out-grower	 schemes.	 However,	 private	 sector	 interest	 for	 out-grower	
produced	jatropha	is	waning	for	similar	reasons	as	investments	in	large	jatropha	estates.		

As	 was	 the	 case	 under	 the	 government	 biodiesel	 investment	 initiatives,	 there	 has	 been	 no	
opportunity	 to	 assess	 the	 effectiveness	 of	 jatropha	 out-grower	 schemes	 under	 the	 private	 sector	
investment	system	as	the	schemes	are	still	in	their	infancy.	However,	such	schemes	have	been	quite	
successful	 under	 sugarcane	 based	 ethanol	 production	 in	 countries	 such	 as	 Zimbabwe	 (Shumba,	
2011).	Among	other	things,	the	economic	viability	of	the	sugarcane	based	out-grower	schemes	has	
been	 influenced	 by:	 security	 of	 land	 tenure;	 technical	 capacity	 of	 out-growers;	 and	 the	 status	 of	
farmer	organizations	as	elaborated	below:	

Security	of	 land	tenure:	Weak	 land	tenure	arrangements	whereby	farmers	 feel	 like	tenants	on	the	
schemes	do	not	provide	a	sense	of	security	as	plot	holders	live	in	constant	fear	of	eviction	if	they	do	
not	 “tow	 the	 line”.	 In	 addition,	 insecurity	 of	 tenure	 can	 be	 a	 disincentive	 to	 investment	 in	 sugar	
husbandry	operations.	

Technically	 capacitated	 out-growers:	 Sugarcane	 production	 is	 a	 highly	 technical	 undertaking	 and	
cane	production	is	very	sensitive	to	crop	management.	Consequently	on	the	job	training	and	regular	
follow	 up	 of	 out-growers	 is	 critical.	Mpapa	 out-growers	 (under	 Triangle	 Pvt.	 Limited)	were	 estate	
managers	before	being	allocated	plots	hence	they	had	relevant	professional	and	technical	expertise	
on	sugarcane	production.	

Strong	 farmer	associations:	 Strong	associations	are	a	must	 for	effective	coordination	of	 sugarcane	
production	and	marketing	and	for	negotiating	better	conditions	for	out-growers	with	the	miller/core	
estate.	 Investment	 in	 market	 intelligence	 enables	 associations	 to	 negotiate	 from	 positions	 of	
strength.	This	was	the	case	with	the	Zimbabwe	Cane	Farmers	Association	whose	members	enjoyed	
one	of	the	highest	raw	cane	and	molasses	price	ratios	in	Southern	Africa.	

5.2	Summary	and	recommendations	

The	use	of	biodiesel	blends	 in	Africa	 is	 still	 in	 its	 infancy	with	South	Africa	being	 the	only	 country	
using	them.	All	the	other	countries	are	in	the	trial	or	pilot	phase.	Furthermore,	most	of	the	globally	
and	commercially	sold	biodiesel	is	from	feedstocks	other	than	jatropha.	Research	and	development	
work	is	still	under	way	on	the	latter	feedstock	in	several	countries	such	as	India	and	Brazil.		

There	 has	 been	 interest	 in	 jatropha	 based	 biodiesel	 production	 in	 Southern	 Africa.	 This	 is	 largely	
driven	 by	 international	 demand	 and	 the	 pursuit	 of	 national	 energy	 security	 and	 socio-economic	
development.	 	Current	 initiatives	are	being	 led	by	both	governments	and	the	private	sector.	Some	
government	led	ventures	have	placed	more	emphasis	on	the	establishment	of	biodiesel	processing	
plants	than	on	feedstock	production.	The	reverse	has	been	true	for	private	sector	led	initiatives.	This	
demonstrates	 a	 disconnect	 in	 the	 bio-fuels	 value	 chain	 and	 highlights	 a	 need	 to	 synchronize	
investments	 in	 jatropha	 feedstock	 production	 with	 those	 in	 biodiesel	 processing,	 marketing	 and	
utilization	 based	 on	well	 planned	 projections	 and	 targets.	 It	 calls	 for	 a	 close	working	 relationship	
between	government	and	private	entities	across	the	biodiesel	value	chain.	However,	it	also	requires	
transparent	and	objective	analyses	regarding	such	investments	both	in	regards	to	the	business	case	
as	 well	 as	 overall	 society	 and	 environmental	 benefits,	 including	 knowledge	 gaps.	 Unfortunately,	
inadequate	 risk	 assessments	 may	 lead	 to	 failed	 investments	 which	 can	 undermine	 the	 further	
interest	in	jatropha	per	se.	
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Indications	are	that	private	sector	interest	in	jatropha	based	biodiesel	investments	is	waning	before	
any	substantial	progress	has	been	made	 in	 its	production	and	utilization.	This	can	be	attributed	to	
reduced	interest	in	Africa’s	bio-fuels	by	the	European	market	due	to	sustainability	controversies;	the	
global	 economic	 crisis;	 volatile	 fossil	 diesel	 prices;	 and	non-fulfilled	 yields	 and	 consequently	 failed	
economic	 return	 on	 investment.	 	 The	 latter	 can	 be	 partly	 attributed	 to	 high	 biodiesel	 production	
costs	and	highlights	the	need	for	government	to	think	long	term	and	create	incentives	to	stimulate	
production	 for	 the	domestic	market.	 If	 Southern	African	countries	 can	 learn	 from	 the	 failures	and	
successes	of	previous	bio-fuel	 investments	and	combine	these	lessons	with	long	term	incentives,	 it	
would	 foster	 more	 sustainable	 future	 bio-fuel	 investments.	 For	 example,	 the	 rapid	 expansion	 of	
Brazil’s	bio-ethanol	industry	in	the	first	ten	years	was	partly	due	to	generous	government	incentives	
in	 the	 form	of	 credits	provided	 for	distillery	 construction.		The	 credits	 amounted	 to	a	 government	
subsidy	of	as	much	as	75%	of	total	project	cost	in	most	cases	and	saw	the	number	of	distilleries	rise	
to	104	countrywide	by	1979.	Such	incentives	encouraged	the	automobile	industry	to	come	on	board.	
For	 example,	 Brazilian	 companies	 began	 to	manufacture	 vehicles	 that	 could	 run	on	 ethanol.	 Such	
cars	constituted	almost	73%	of	the	country’s	total	car	sales	by	the	end	of	1980	(Aflemming,	2010).	
Further	subsidies	were	put	in	place	to	ensure	continued	growth	of	the	ProAlcool	Programme	and	of	
the	 industry,	 providing	 tax	 incentives	 for	 the	 purchase	 of	 cars	 fueled	 by	 hydrous	 ethanol.		It	 also	
required	 that	 all	 vehicles	 in	 the	 official	 government	 fleet	 be	 ethanol-fueled.	Additionally,	 the	
government	subsidized	ethanol	prices,	ensuring	that	the	retail	price	of	hydrous	ethanol	was	at	most	
65%	of	the	retail	price	of	gasoline	(Winfield,	2008).		

5.3	References		

Aflemming,	2010.	Biofuels	in	Brazil:	A	Case	Study.	www.sassweb.ca	

BAZ,	2008.	Biofuels	Status	Report:	Ministry	of	Energy	&	Water	Development,	Zambia		

Biswas,	S.,	Kaushik,	N.	and	Srikanth,	G.	(2006).	Biodiesel:	Technology	and	Business	Opportunities	–An		
Insight.	 Papers	 presented	 at	 the	 Biodiesel	 Conference	 Towards	 Energy	 Independence	 –Focus	 on	
Jatropha,	Rashtrapati	Nilayam,	Bolaram,	Hyderabad,	India.	

British	Petroleum	(BP),	2008.	The	annual	Statistical	Review	of	World	Energy.		http://www.bp.com	

CEPAGRI,	2011.	Presentation	by	the	Ministry	of	Agriculture	at	a	Regional	Bio-fuels	meeting	held	 in	
Mocuba,	Mozambique.	WWF	Mozambique.	

Chundama,	M.	2008.	Developing	a	framework	for	small	scale	community	bio-energy	production	and	
utilization:	 Bio-fueling	 sustainable	 development	 in	 Sub-Saharan	 Africa.	 Consultancy	 Report.	 WWF	
SARPO.	

Dutt	 P,	 2007.	 How	 to	 make	 biofuels	 a	 development	 opportunity	 in	 Brazil:	 Case	 study	 2-	 Micro-
distillery	can	produce	ethanol	on	am	small	scale.	

Erixon,	F.	2011.	The	rising	trend	of	green	protectionism:	Bio-fuels	and	the	European	Union.	

Global	 Authority	 on	 Non-Food	 Biodiesel	 Crops,	 2011	 Building	 a	 Sustainable	 Bio-diesel	 Industry:	
Centre	for	Jatropha	Promotion	&	Biodiesel.	

IEA,	2012.	Monthly	Oil	Market	Reports		

Kosaka	 L,	 2009.	 Global	 Biofuels	 Policy	 Developed:	 Current	 status	 &	 future	 Trends	 of	 Biofuels	
Specifications,	Hart	Energy	Consultancy,	USA	

Kovarik,	W.,	2008.	"Ethanol's	first	century".	Radford	University,	Virginia,	USA.	



51	
	

Laughlin	D	M.,	2009.	Clean	Cities	Alternative	fuel	price	Report.	USA	Department	of	Energy:	Energy	
efficiency	&	Renewable	Energy,	USA	

Lerner.	A	 .,	Matupa. O., Mothlathledi, F., and Geoff.	S	and	  Brown, R., 2010.	SADC	Biofuels	State	of	
Play	Study:	SADC	Consultancy	Report,	Gaborone,	Botswana		

Ministerio	da	Energia,	2011.	Presentation	by	 the	Ministry	of	Energy	at	a	Regional	Bio-fuels	 Forum	
meeting	held	in	Mocuba,	Mozambique.	WWF-Mozambique.	

Mughogho,	 L.	 K.	 and	 P.	 M.	 Mafongoya.	 2009.	 Bio-fuel	 investments	 in	 Southern	 Africa:	 An	
opportunity	or	a	threat?	Consultancy	Report.	WWF	SARPO.	

MOEPD.,	 2007.	 Principles	 of	 Biofuels	 for	 Zimbabwe:	 	 Approved	 by	 Cabinet	 in	 2007,	 Harare,	
Zimbabwe	

MOEPD.,	2010.	Draft	Policy	Paper	on	Biofuels,	Zimbabwe	(Not	Approved)	

Nhantumbo,	 I.	 2008.	 Bio-energy	 in	Mozambique	 not	 yet	 a	 small	 business	 enterprise.	 Consultancy	
Report.	WWF	SARPO.	

Oliveira.	 L	 and	 Hira.	 A,	 2010.	 The	 Evolution	 and	 Replicability	 of	 Biofuels	 in	 Brazil:	 model	 or	
Exception?	

Shumba,	E.,	P.	Roberntz,	B.	Mawire,	N.	Moyo,	M.	Sibanda	and	M.	Masuka.,	2011.	Community	Level	
Production	 and	Utilization	 of	 Jatropha	 Feed	 stock	 in	Malawi,	 Zambia	&	 Zimbabwe.	WWF,	Harare,	
Zimbabwe.	

Shumba,	E.,	P.	Roberntz	and	M.	Kuona,	2011.	Assessment	of	sugarcane	out-grower	schemes	for	bio-
fuel	production	in	Zambia	and	Zimbabwe.	WWF,	Harare,	Zimbabwe.	

Shumba,	 E.,	 A.	 Carlson,	 H.	 Kojwang,	 M.	 Sibanda	 and	 M.	 Masuka,	 2009.	 Bio-fuel	 investments	 in	
Southern	 Africa:	 A	 situation	 analysis	 in	 Botswana,	 Malawi,	 Mozambique,	 Zambia	 and	 Zimbabwe.	
WWF,	Harare,	Zimbabwe.	

Sibanda,	 M.	 2008.	 Bio-energy	 in	 Malawi-prospects	 and	 challenges	 for	 community	 participation.	
Consultancy	Report.	SARPO	

Voegele,	 E.	 and	 R.	 Kotrba,	 2012.	 EIA	 2011	 Biodiesel	 production	 stats	 well	 short	 of	 EMTS	 figures.	
http://www.biodieselmagazine.com	

Winfield	 E.,	 2008.	 Ethanol	 in	 Brazil,	 University	 of	 Lowa,	 Centre	 for	 International	 Finance	 and	
Development,	Brazil	

	

	

	
	
	

	

	

	



52	
	

	

CHAPTER	6:	MARKET	STUDY	ON	JATROPHA	VALUE	ADDED	PRODUCTS	IN	ZAMBIA	AND	ZIMBABWE	

Enos	Shumba,	Barnabas	Mawire,	Peter	Roberntz	and	Laszlo	Mathe	

6.0	Introduction	

The	 bio-fuel	 debate	 has	 largely	 focused	 on	 large	 feedstock	 plantations	 targeted	 at	 the	 export	
market.	 It	 has	 not	 acknowledged	 and	 seriously	 considered	 the	 existence	 of	 small	 scale	 feedstock	
production	that	addresses	uses	other	than	large	scale	bio-fuels.	However,	such	initiatives	can	make	a	
difference	to	household	economies	and	the	natural	resource	base.	The	cultivation	of	 jatropha	as	a	
live	 fence/hedge	 is	 one	 such	 option.	 At	 household	 level	 jatropha	 can	 be	 a	 source	 of	 energy	 for	
cooking	 and	 lighting;	 can	 be	 used	 to	make	 soap,	 lotions	 and	 floor	 polish;	 and	 can	 be	 a	 source	 of	
organic	 fertilizer	 (from	 seed	 cake).	 The	 nature	 and	 magnitude	 of	 these	 local	 level	 livelihood	
initiatives	have,	however,	remained	relatively	un-investigated.	

Southern	 African	 countries	 are	 promoting	 smallholder	 jatropha	 production,	 processing	 and	
utilization	 (Shumba,	 et	 al,	 2011).	 In	 the	 case	 of	 Zambia,	 its	 participation	 in	 bio-fuel	 production	 is	
recent	 and	 was	 influenced	 by	 the	 international	 debate	 on	 the	 need	 for	 cleaner	 energy,	 energy	
security	 and	 livelihood	 security	 (Chundama,	 2008).	 The	 country’s	 bio-energy	 crusade	 was	
championed	 by	 the	 private	 sector	 through	 the	 Bio-fuels	 Association	 of	 Zambia.	 The	 Association’s	
emphasis	 was	 on	 promoting	 jatropha	 feedstock	 production	 under	 large	 scale	 plantations	 and	 on	
smallholder	 farmer	 out-grower	 schemes	 as	well	 as	 the	 establishment	 of	 oil	 processing	 plants.	 For	
example,	 Oval	 Bio	 Fuel	 company	 produced	 1	 000	 litres	 of	 diesel	 per	 week	 for	 sale	 to	 a	 mining	
company.	However,	private	sector	 interest	 in	bio-fuel	 investments	 is	waning	partly	because	of	 the	
world	 economic	 recession	 and	 declining	 fossil	 fuel	 prices.	 Notwithstanding,	 Non-governmental	
Organizations	 (NGOs)	 such	 as	 the	 Development	 Aid	 for	 People	 to	 People	 (DAPP)	 and	 the	
Organization	Development	and	Community	Management	Trust	(ODMCT)	have	promoted	community	
level	jatropha	feedstock	production	in	Zambia’s	Chibombo	district	with	a	focus	on	community	level	
value	addition	(ODCMT,	2010).		

Zimbabwe	 started	 producing	 and	 using	 a	 bio-ethanol-petrol	 blend	 in	 the	 1970’s.	 However,	 bio-
ethanol	is	now	exported	as	the	country	had	stopped	producing	petrol	blends.	A	Cabinet	decision	of	
2005	called	for	the	re-introduction	of	fuel	blending	to	address	chronic	fuel	shortages	experienced	at	
the	time	and	adopted	the	following	strategies:	

• The	resuscitation	of	bio-ethanol	production	for	blending	with	fossil	fuels	and	the	expansion	
of	sugarcane	feedstock	cultivation;	and,	

• Increasing	bio-diesel	production	by	encouraging	smallholder	farmers	to	cultivate	some	100	
000	ha	of	jatropha	feedstock	throughout	the	country.	In	this	regard,	government	established	
processing	plants	with	capacities	of	10	000	litres	per	day	in	Mutoko	and	60	000	litres	per	day	
at	 Mt	 Hampden.	 Farmers	 in	 various	 parts	 of	 the	 country	 were	 mobilized	 to	 provide	
feedstock	 to	 the	 processing	 plants	 through	 the	 National	 Oil	 Company	 of	 Zimbabwe	
(NOCZIM)	and	Finealt	Engineering-both	government	owned	companies.	Unfortunately,	 the	
“flexi”	bio-diesel	processing	plants	were	under-utilized	due	to	feedstock	shortages.	
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Although	 NOCZIM	 and	 Finealt	 encouraged	 Zimbabwe’s	 smallholder	 farmers	 to	 harvest	 and	 sell	
jatropha	 seed	 from	 their	 live	 hedges	 to	 them,	 economic	 returns	 from	 the	 transactions	 were	
negative.	In	an	attempt	to	boost	returns	from	jatropha	feedstock	production,	Environment	Africa	(an	
NGO)	started	promoting	community	level	processing	and	utilization	of	jatropha	seed	in	Zimbabwe’s	
Mudzi	district	in	2008	(Environment	Africa,	2010).	

A	 jatropha	 feedstock	 production,	 processing	 and	 utilization	 study	 carried	 out	 by	 the	World	Wide	
Fund	 for	 Nature	 (WWF)	 in	 Chibombo	 district-Zambia	 and	 Mudzi	 district-Zimbabwe	 showed	 that	
(Shumba,	et	al,	2011:):	

• Smallholder	farmers	use	jatropha	oil	for	various	purposes	that	include	lighting;	cooking;	and	
making	 soap,	 floor	 polish,	 lotions	 and	 organic	 fertilizer	 (from	 seed	 cake).	 Most	 of	 the	
products	are	used	or	sold	within	the	community	and	are	generally	of	 low	and	 inconsistent	
quality;	and,	

• At	current	seed	yield	 levels,	 (less	than	1	tons/ha),	producing	jatropha	seed	for	sell	to	 large	
companies	for	commercial	bio-diesel	production	is	economically	unattractive	(Table	1).	

Table	1:	Gross	margins	from	jatropha	seed	and	oil	sales	in	Mudzi	district-Zimbabwe	

Item	 Seed	sales	 Oil	sales	
	
Seed	yield,	kg/ha	
Oil	yield,	l/ha	
Seed	production	cost,	$/ha	
Oil	processing	cost,	$/ha	
Total	variable	cost,	$/ha	
Income	from	seed/oil	sales,	$/ha	
Gross	margin,	$/ha	

	
						800.00	
						132.02	
								81.74	
																0	
								81.74	
								80.00	
								-1.74	

	
					800.00	
					132.02	
							81.74	
							27.88	
					109.62	
				165.03*	
							55.41	

*There	is	no	local	market	for	jatropha	oil.	Consequently,	an	average	price	for	diesel	was	used	

Source:	Sukume,	C.	2011;	and	Shumba,	et	al,	2011.	

Given	the	foregoing,	the	study	highlighted	the	need	to	focus	on	community	 level	value	addition	to	
jatropha	 feedstock	with	 emphasis	 on:	 broadening	 the	 jatropha	 product	 range,	 improving	 product	
quality,	 securing	 appropriate	 processing	 and	 utilization	 equipment,	 and	 actively	 seeking	 external	
markets	 for	 the	resultant	products.	The	objective	of	 this	study	was	 therefore	 to	conduct	a	market	
study	 on	 jatropha	 feedstock	 based	 products	 in	 Chibombo	 district-Zambia	 and	 Mudzi	 district-	
Zimbabwe.	The	specific	objectives	were	to:	

• Identify	current	and	potential	value	added	products	from	jatropha	feedstock;	
• Establish	current	and	potential	markets	for	the	products;	
• Conduct	economic	viability	assessments	of	the	value	added	products;	and,	
• Provide	 guidance	 for	 enhancing	 economic	 viability	 and	 socio-economic	 impact	 of	 jatropha	

feedstock	value	addition	initiatives	in	Southern	Africa.	

The	geographic	location	of	the	study	districts	is	given	in	Figure	1.	
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Figure	1	Geographical	location	of	study	districts	

6.1	Study	districts	and	the	jatropha	feedstock	value	chain	

Chibombo	district	is	located	in	the	Central	Province	of	Zambia.	It	receives	an	average	annual	rainfall	
of	600	mm.	 Its	 smallholder	 farmers	grow	maize,	cowpeas	and	cassava;	and	keep	cattle	and	goats.	
Some	 farmers	 started	 growing	 jatropha	 as	 a	 live	 fence/hedge	 and/or	 alley	 crop	 to	 broaden	 their	
income	 options.	Management	 practices	 carried	 out	 on	 the	 shrub	 are	mainly	weeding	 and	 annual	
pruning.	Harvesting	is	done	between	January	and	April.	The	fruit	is	picked	from	both	the	ground	and	
the	 plant	 for	 shelling	 and	 winnowing	 and	 average	 seed	 yields	 are	 0.7	 ton/ha.	 Farmers	 received	
technical	 advice	 on	 jatropha	 production	 from	DAPP	 and	 the	 Conservation	 Farming	Unit	 (an	NGO)	
through	farmer	cooperative	clubs.	DAPP	bought	the	harvested	seed	and	used	it	to	train	farmers	in	oil	
extraction	 and	 soap	making.	 A	 premium	 price	 was	 paid	 for	 the	 seed	 as	 an	 incentive	 to	 farmers.	
However,	the	project	has	since	been	wound	up.	

Mudzi	district	lies	in	the	northern	part	of	Zimbabwe.	It	receives	low	and	erratic	rainfall	(300-500	mm	
per	annum).	The	district’s	 inhabitants	are	predominantly	smallholder	 farmers	who	produce	a	wide	
range	of	 crops	 such	as	maize,	 sorghum,	millets	and	groundnuts	and	keep	 livestock.	They	however	
realize	 low	crop	yields,	suffer	from	food	insecurity	and	are	generally	poor	(live	on	less	than	$1	per	
day).	Most	farmers	grow	jatropha	as	a	live	fence	around	their	homesteads	and	gardens	to	primarily	
keep	out	livestock.	Environment	Africa,	a	regional	Non	Governmental	Organization	(NGO),	has	been	
encouraging	 jatropha	 growers	 to	 participate	 in	 jatropha	 related	 value	 addition	 activities	 through	
Environmental	Action	Groups	 (EAGs).	 The	 farmers	have	 a	 long	history	of	 jatropha	 cultivation.	 The	
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major	management	practice	carried	out	on	the	shrub	is	annual	pruning.	Farmers	pick	fruits	from	the	
ground	 and	 the	 plant	 during	April	 to	 July.	Once	 collected,	 the	 fruit	 is	 shelled	 and	winnowed.	 The	
resultant	 seed	 is	either	 sold	or	 locally	processed	 into	value	added	products.	Each	 farmer’s	hedges	
add	 up	 to	 a	 total	 land	 area	 of	 about	 0.25	 ha	 and	 realize	 an	 average	 seed	 yield	 of	 0.8	 t/ha.	
Environment	Africa	has	been	supporting	18	EAGs	consisting	of	2	070	smallholder	farmers	of	whom	1	
500	have	jatropha	trees	and	harvest	a	total	of	300	tons	of	seed	annually	(Environment	Africa,	2010).		

Figure	2	gives	potential	pathways	within	the	jatropha	feedstock	value	chain.	They	include	feedstock	
production;	 oil	 extraction;	 value	 addition;	 and	 marketing.	 This	 chapter	 focuses	 on	 the	 last	 three	
components.	Emphasis	is	placed	on	Mudzi	district	(Zimbabwe)	as	it	has	more	data	on	the	subject	and	
is	hosting	a	new	European	Commission	and	WWF	 funded	Bio-fuel	project	 that	will	 greatly	benefit	
from	the	analysis.	The	latter	builds	on	Environment	Africa’	work	in	Mudzi	district.	

	

	

Figure	2	Potential	pathways	in	the	jatropha	value	chain	

6.2	Jatropha	oil	extraction		

The	technology	used	to	extract	jatropha	oil	 influences	the	economic	viability	of	the	resultant	value	
added	products	as	it	affects	the	efficiency	of	oil	extraction,	oil	quality	and	oil	extraction	costs.	Mudzi	
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farmers	 use	manual	 ram	 presses	 to	 extract	 the	 oil.	 The	 presses	 were	 purchased	 by	 Environment	
Africa	and	collectively	belong	to	 jatropha	growers	through	their	18	EAGs.	Each	EAG	has	a	centrally	
located	manual	press	(usually	at	a	business	centre)	to	service	its	members.	One	press	can	process	98	
kg	 of	 seed	 per	 day	 and	 produce	 some	 16.3	 litres	 of	 oil	 (16.6%	 extraction	 rate).	 Eighteen	manual	
presses	can	therefore	process	the	300	tons	of	seed	currently	harvested	by	Mudzi	district	farmers	in	
about	170	days.	The	available	processing	capacity	can	therefore	accommodate	one	and	half	 times	
more	seed	in	a	250	day	processing	year.	However,	manual	presses	have	the	following	disadvantages:	

• They	 are	 too	 heavy	 to	 operate,	 especially	 by	 women	 who	 comprise	 the	 bulk	 of	 the	 EAG	
membership;	

• They	require	a	lot	of	labour	to	operate	smoothly;	and,	
• They	have	a	lower	oil	extraction	capacity	(16.6%	compared	to	19.8%	for	motorized	presses).	

Given	 the	 foregoing	 challenges,	 the	 need	 to	 introduce	 improved	 oil	 expressing	 technology	 (e.g.	
electricity	 or	 diesel	 powered	 presses)	 cannot	 be	 overemphasized.	 Electrical	 engines	 are	 often	
preferred	because	of	their	ease	of	installation,	coupling	and	operation;	and	lower	cost.	The	press	can	
be	directly	coupled	to	a	diesel	engine	for	 it	to	be	 independent	of	the	electricity	grid.	 In	such	cases	
the	engine	can	even	run	on	the	oil	that	it	 is	extracting	especially	 if	 it	 is	a	Lister	type.	However,	the	
major	disadvantage	of	motorized	presses	is	that	they	cost	more	and	require	larger	volumes	of	seed	
to	 become	 cost	 effective.	 For	 example,	 an	 electric	 press	 costs	 $5	 100	 and	 a	 diesel	 one	 $5	 700	
compared	to	$475	for	a	manual	press	(Sukume,	2011).	Table	2	compares	costs	of	extracting	jatropha	
oil	using	manual	and	motorized	presses.	The	latter	are	more	efficient	 in	oil	extraction;	require	 less	
labour;	 and	 have	 lower	 processing	 costs	 per	 unit	 of	 oil	 processed.	 Consequently,	 the	 use	 of	
motorized	presses	powered	by	diesel	engines	is	recommended.	In	view	of	their	large	oil	processing	
capacity,	only	two	presses	will	be	required	to	replace	the	18	manual	presses	currently	used	 in	the	
district.	 This	 requires	 that	 they	 be	 located	 at	 strategic	 points	 within	 the	 district	 for	 operational	
efficiency.	

Table	 2:	 Comparison	 of	 costs	 of	 operating	manual	 and	motorized	 oil	 presses	 in	Mudzi	 district,	
excluding	costs	for	loans	to	purchase	the	pressing	equipment	

Production/cost	item	 Manual	 hand	
press	

Motorized	
electric	press	

Motorized	 diesel	
press	

Jatropha	seed	yield	(kg/ha)	 			800.00	 				800.00	 						800.00	
Oil	extraction	rate	(%)	 					16.60	 						19.80	 								19.80	
Oil	yield	(litres/ha)	 			132.02	 				158.39	 						158.39	
Oil	processing	labour	 					16.34	 								1.14	 									1.14	
Cost	of	hand	press	 							6.25	 -	 -	
Cost	of	electric	press	 -	 										2.40	 -	
Electricity	cost	 -	 										5.91	 -	
Cost	of	jatro-power	press	 -	 -	 										2.56	
Jatropha	oil	fuel	 -	 -	 								11.85	
Transport	cost	(farm	to	processing	centre	 								5.61	 									11.21	 								11.21	
Total	cost	 						28.20	 									20.59	 								26.76	
Total	cost	per	litre	of	oil	 								0.21	 											0.13	 											0.17	
Source:	Sukume	(2011)	
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Manual	press	in	Mudzi	district,	Zimbabwe	

6.3	Direct	use	of	jatropha	oil	

Southern	 Africa	 is	 a	 net	 importer	 of	 energy	 in	 the	 form	 of	 fossil	 fuels.	 	 	 Zambia	 consumes	 547.5	
million	 litres	 of	 diesel	 and	 18.25	 million	 litres	 of	 kerosene	 per	 year	 for	 household	 cooking	 and	
illuminating	 energy.	 	 Corresponding	 figures	 for	 Zimbabwe	 are	 900	million	 litres	 of	 diesel	 and	 226	
million	 litres	 of	 kerosene	 (Sukume,	 2011).	 The	 introduction	 of	 bio-fuels	 could	 therefore	 reduce	
dependence	on	imported	petroleum	products;	stabilize	fuel	prices;	ensure	energy	security;	promote	
rural	 development	 and	 investment;	 reduce	 poverty	 and	 create	 employment	 (Chundama;	 2008;	
Nhatumbo,	 2008;	 and	 Sibanda,	 2008).	 In	 an	 attempt	 to	progressively	 reduce	 fossil	 fuel	 imports,	 a	
number	of	bio-diesel	processing	plants	were	set	up	in	Zambia.	They	include	the	Amanita	plant	which	
would	 produce	 5.5	million	 litres/	 year	 and	 the	Oval	 Bio-fuel	 plant	 that	would	 produce	 1.1	million	
litres	per	year	(Chisambo,	et	al,	2007).	On	the	other	hand,	Zimbabwe	plans	to	meet	10%	of	its	diesel	
needs	 from	 bio-diesel	 (Garwe,	 et	 al,	 2008)).	 In	 this	 regard,	 the	 country	 established	 and	
commissioned	 two	bio-diesel	processing	plants.	However,	Mudzi	 farmers	have	not	benefited	 from	
such	 initiatives	because	selling	 jatropha	seed	to	NOCZIM	for	commercial	bio-diesel	production	has	
been	uneconomic.	In	fact,	a	senior	NOCZIM	official	was	quoted	as	saying:	“We	buy	jatropha	seed	at	
$150/ton,	so	it	is	about	$0.15/kg.	Most	communal	farmers	do	not	want	to	sell	seeds	to	us	because	
they	say	the	money	is	too	little”	(Source:	Biriwasha,	2010).	Such	realities	have	motivated	a	focus	on	
other	 local	applications	of	 jatropha	oil	 in	Southern	Africa.	They	 include	 its	use	 for	powering	diesel	
engines/generators	and	for	domestic	applications	such	as	cooking	and	lighting	as	elaborated	in	this	
section.	

Powering	diesel	engines		

As	 is	 the	 case	 in	 other	 parts	 of	 Southern	 Africa,	 maize	 and	 small	 grain	 cereal	 flour	 is	 a	 major	
component	of	the	diet	of	Chibombo	and	Mudzi	district	communities.	The	majority	of	grinding	meals	
in	 the	 districts	 are	 powered	 by	 diesel	 engines	 (Sukume,	 2011).	 Unfortunately,	 the	 soaring	 diesel	
price	coupled	with	the	relative	scarcity	of	the	product	over	the	past	few	years	have	limited	the	rural	
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poor’s	access	to	affordable	off-grid	electricity/power	services.	This	also	reduces	the	opportunity	to	
charge	 cell	 phones.	 Cell	 phone	 use	 is	 increasing	 in	 Southern	 Africa.	 For	 example	 about	 31.5%	 of	
people	above	16	years	use	cell	phones	in	Zambia’s	rural	areas	(Zambia	Country	Profile,	n.d.).	In	the	
case	 of	 Zimbabwe,	mobile	 phone	penetration	 rate	 (number	 of	 people	with	 cell	 phones)	 has	 risen	
from	 12%	 to	 56%	 since	 2008	 (News	 Day,	 2011).	 This	 creates	 demand	 for	 innovative	 and	 reliable	
phone	charging	services	in	remote	areas.	Jatropha	oil	generated	electricity	could	be	part	in	satisfying	
this	demand.		

Jatropha	oil	can	power	generators	and	replace	diesel	in	Lister	type	engines	using	a	dual	fuel	system	
in	which	 the	 engine	 is	 started	 on	 diesel	 and	 switched	 to	 jatropha	 oil	when	 it	 has	warmed	up.	 To	
effectively	utilize	 such	 investments,	 the	engine	can	be	 shared	among	multiple	uses	mounted	on	a	
multifunction	 platform.	 For	 example,	 a	 diesel	 engine	 for	 oil	 extraction	 can	 be	 partnered	 with	 a	
hammer	mill	 for	maize	milling.	 Furthermore,	 the	 integration	 of	 jatropha	 powered	 generators	 and	
other	renewable	energy	sources	like	solar	power	(hybrid	energy	systems)	can	improve	the	efficiency	
of	power	provision	in	rural	areas.	The	two	power	sources	can	complement	each	other	in	the	sense	
that	 solar	 power	 is	 cost	 effective	 in	 powering	 low	 energy	 demand	 uses	 such	 as	 lighting	 and	
refrigeration	 while	 jatropha	 oil	 powered	 generators	 can	 take	 care	 of	 high	 energy	 demand	 uses,	
especially	 for	 shorter	 periods.	 The	Government	 of	 Zimbabwe,	 through	 its	 Rural	 Energy	 Agency,	 is	
installing	heavily	subsidized	solar	systems	at	rural	institutions	(schools,	clinics,	administrative	offices	
and	businesses)	 located	 in	areas	where	the	erection	of	grid	electricity	 is	not	economically	feasible.	
Partnering	such	a	system	with	a	backup	jatropha	oil	powered	generator	can	improve	its	reliability	as	
well	as	enable	it	to	power	some	short	duration	high	energy	demand	tasks	such	as	water	pumping.	In	
addition	 the	 diesel	 engine	 (during	 its	 operation)	 can	 help	 charge	 the	 battery	 system	 thereby	
extending	the	hours	of	operation	of	the	Photo	Voltaic	(PV)	system	(Sukume,	2011).	

Domestic	cooking	and	lighting	

Environment	 Africa	 has	 assessed	 the	 use	 of	 jatropha	 oil	 as	 a	 cooking	 and	 lighting	 fuel	 in	 Mudzi	
district	 (Environment	 Africa,	 2010).	 The	 use	 of	 jatropha	 oil	 for	 cooking	 has	 a	 number	 of	
environmental	advantages	compared	to	wood	fuel	as	it	produces	less	smoke	and	can	reduce	wood-
fuel	use.	However,	replacing	wood	fuel	in	rural	areas	is	difficult	because	of	its	lower	opportunity	cost	
and	the	considerable	 investment	required	to	purchase	cooking	stoves	and	to	produce	jatropha	oil.	
For	 example,	 the	 higher	 viscosity	 of	 jatropha	 oil	 compared	 to	 paraffin/kerosene	 requires	 that	
specially	 designed	 stoves	 be	 used.	 Two	 designs	 of	 such	 stoves	 are	 at	 different	 stages	 of	
development.	One	uses	pressure	to	atomize	the	oil	while	the	other	uses	a	wick.	A	pressure	stove	is	
however	 difficult	 to	 use	 and	 could	 be	 expensive	 to	manufacture	 commercially	 as	 it	 requires	 pre-
heating	with	 alcohol	 or	 kerosene	and	 frequent	 cleaning	 to	 remove	 carbon	deposits.	On	 the	other	
hand,	wick	stoves	require	further	improvement	since	jatropha	oil	does	not	rise	up	the	wick	as	easily	
as	kerosene	and	does	not	vaporize.	In	addition,	it	leaves	carbon	deposits	as	it	burns.		

Jatropha	oil	lamps	produce	less	smoke	than	kerosene	ones.	A	lamp	with	a	floating	wick	is	a	possible	
solution	to	the	oil’s	poor	capillary	action.	The	design	allows	the	wick	to	be	kept	as	short	as	possible	
with	the	flame	just	above	the	oil	but	requires	that	the	wick	be	periodically	cleaned	to	remove	carbon	
deposits.	Ordinary	kerosene	lamps	can	also	be	modified	to	lower	their	wick	but	the	oil	 level	has	to	
be	maintained	at	a	constant	level	and	the	wick	needs	frequent	cleaning.	It	 is	also	feasible	to	blend	
kerosene	 with	 15-20%	 jatropha	 oil	 in	 unmodified	 lamps	 (Bose	 et	 al,	 nd).	 There	 is	 therefore	
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considerable	 potential	 to	 partially	 replace	 wood	 and	 kerosene	 with	 jatropha	 oil	 in	 jatropha	 oil	
producing	areas.	However,	the	success	of	such	a	shift	depends	on	the	development	of	more	efficient	
and	effective	stove	and	lamp	technologies.	

	

Jatopha	oil	lamps	tested	by	Environment	Africa	in	Mudzi	district	

6.3.	Jatropha	value	added	products		

	Mudzi	 farmers	produce	 the	 following	value	added	products	 from	 jatropha	oil:	 laundry	 soap,	 floor	
polish	and	bio-jelly.	The	products	are	 sold	on	 the	 local	market	and	are	of	poorer	and	 inconsistent	
quality	 than	 their	 commercial	 substitutes.	 Consequently,	 they	 fetch	 much	 lower	 prices.	 A	 gross	
margin	analysis	was	carried	out	on	the	products	(Table	3).	Although	not	currently	produced	in	Mudzi	
district,	 bath	 soap	was	 the	most	 profitable	 product	 followed	by	bio	 jelly,	 floor	 polish	 and	 laundry	
soap	in	that	order.	Bath	soap	is	produced	by	communities	in	Binga	district,	one	of	Zimbabwe’s	rural	
districts,	for	sale	to	the	hospitality	industry.	Environment	Africa	has	supported	this	initiative.		

Table	3:	Gross	margins	for	value	added	products	(per	ha):	Mudzi	district,	Zimbabwe	

Item	 Laundry	soap	 Floor	polish	 Bio-jelly	 Bath	soap*	
Seed	yield,	kg/ha	 				800.00	 				800.00	 			800.00	 					800.00	
Oil	yield,	kg/ha	 					132.02	 				132.02	 			132.02	 					132.02	
Units	of	product	produced	per	ha	 					320.00	 				450.00	 1	375.00	 		1	632.00	
Income	from	product	sales,	$/ha	 					320.00	 	1	350.00	 			687.31	 		2	040.00	
	 	 	 	 	
Production	costs	($/ha)	 	 	 	 	
Seed	production	 							81.74	 					81.74	 				81.74	 						81.74	
Oil	processing	 							27.88	 					27.88	 				27.88	 						27.88	
Caustic	soda	 							72.00	 	-	 -	 						72.00	
Wax	 -	 				576.82		 				88.42	 -	
Red	oxide	 -	 				225.63	 -	 -	
Fragrance	 -	 -	 				81.42	 -	
Soap	plant	cost	 -	 -	 -	 								4.08	
Packaging	 -	 				244.26	 		166.72	 				244.80	
Labour	 								10.00	 							19.54	 				65.14		 						16.78	
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Total	production	costs	 						191.62	 		1	175.87	 		511.32	 				447.28	
	 	 	 	 	
Gross	margin	 						128.38	 					174.13	 			175.99	 		1	592.72	
*Not	produced	in	Mudzi	district	but	Binga	district	for	hospitality	industry	
Source:	Sukume,	2011			
	
The	demand	situation	for	the	four	value	added	products	is	elaborated	below:		

Laundry	soap:	An	average	rural	household	uses	four	bars	of	 laundry	soap	(750	g	each)	per	month.	
Given	that	 there	are	54	520	and	32	247	households	 in	Chibombo	and	Mudzi	districts	 respectively,	
local	 demand	 for	 laundry	 soap	 is	 considerable.	Despite	 its	 poor	 and	 inconsistent	 quality,	 jatropha	
based	 laundry	 soap	 has	 a	 market	 niche	 in	 poorer	 communities	 due	 to	 its	 relatively	 lower	 price	
compared	to	conventional	 laundry	soaps.	A	bar	of	 jatropha	soap	costs	$1	compared	to	$1.80	for	a	
conventional	bar.	Its	market	can	be	increased	considerably	through	product	quality	improvements	in	
areas	 such	as	 soap	 shape,	 strength,	 consistency,	 smell	 and	 colour.	Consequently,	 its	 promotion	 in	
Mudzi	 district	 should	 continue	 with	 emphasis	 on	 quality	 improvement	 and	 aggressive	 product	
marketing.	Areas	for	product	quality	improvement	include	soap	shape,	strength,	consistency,	smell	
and	colour.	

Bio	jelly:	An	average	household	in	Mudzi	district	requires	100	ml	units	of	petroleum	jelly	per	month.	
Although	petroleum	jelly	costs	20%	more	than	bio	jelly,	it	is	preferred	due	to	its	superior	quality	and	
power	of	brand	loyalty.	However,	bio	jelly	improves	the	cash	flow	situation	of	communities	involved	
in	 jatropha	 feedstock	 production,	 processing	 and	 marketing.	 Its	 promotion	 should	 therefore	 be	
continued	with	emphasis	on	product	quality	improvement	and	marketing	for	the	local	market.	

Floor	polish:	The	market	for	floor	polish	 in	Mudzi	district	 is	 limited	to	people	or	 institutions	whose	
homes	and/or	buildings	have	cement	floors	(e.g.	grocery	stores,	bars,	government	offices,	clinics	and	
schools).	 Poorer	 households,	who	 constitute	 the	 bulk	 of	 the	 districts	 population,	 have	 no	 cement	
floors.	 Furthermore,	 despite	 its	 inferior	 quality,	 jatropha	 based	 floor	 polish	 had	 the	 highest	
production	cost	when	compared	to	the	other	value	added	products	in	the	district.	Consequently,	its	
promotion	should	be	discontinued.		

Bath	 soap:	 Bath	 soap	 has	 the	 potential	 to	 become	 the	 “cash	 cow”	 for	 jatropha	 value	 added	
initiatives	in	Mudzi	district	as	it	gave	the	best	economic	return.	It	is	therefore	recommended	that	its	
production	be	promoted	based	on	the	Binga	district	experience.	This	should	be	done	in	parallel	with	
an	 assessment	 of	 the	 soap’s	 market	 share	 within	 the	 hospitality	 industry.	 Once	 this	 has	 been	
established,	 there	will	 be	 need	 to	 gradually	 invest	 in	 improved	 bath	 soap	 production	 technology.	
This	could	be	in	the	form	of	a	small	scale	complete	saponification	and	soap	stamping	and	packaging	
plant	 line	 whose	 specifications	 will	 depend	 on	 the	 actual	 equipment	 cost	 and	 maintenance	
requirements.	The	investment	would	be	accompanied	by	effective	product	branding	and	marketing	
with	 emphasis	 on	 the	 soap’s	medicinal	 properties	 (viz.	 anti-bacterial	 properties	 and	 treatment	 of	
skin	diseases)	and	links	to	the	international	market.		
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Jatopha	based	value	added	products	made	by	Environmental	Action	Group	members	

6.4	Capacity	building	and	empowerment	

The	 introduction	 of	 new	 and	 sophisticated	 equipment,	 technologies,	 value	 added	 products	 and	
operating	 modalities	 (e.g.	 centralization	 of	 oil	 extraction	 and	 bath	 soap	 making	 equipment	 and	
entrepreneurship	 development);	 and	 a	 focus	 on	 high	 quality	 products	 and	 their	 marketing	 pose	
challenges	 for	 jatropha	 growing	 districts.	 Consequently,	 the	 following	 capacity	 building	 and	
empowerment	initiatives	are	recommended	at	different	stakeholder	levels:	

a.	 The	 introduction	 of	 motorized	 presses	 powered	 by	 diesel	 or	 electrical	 engines;	 multi-purpose	
platforms	and	hybrid	energy	solutions	will	require	concerted	entrepreneurship	development	within	
and	outside	jatropoha	producing	districts.	In	this	regard,	entrepreneurs	will	be	identified	and	trained	
in	the	management	and	maintenance	of	equipment	and	associated	business	ventures.	In	addition,	a	
mutually	 beneficial	 partnership	 model	 between	 local	 entrepreneurs	 and	 jatropha	 growing	
communities	will	be	developed,	tested	and	made	operational	through	relevant	farmer	organizations	
such	 as	 the	 EAGs.	 A	 Trust/Revolving	 Fund	 could	 be	 set	 up	 to	 facilitate	 investment	 in	 selected	
activities.	

b.	 The	 establishment	 of	 more	 sophisticated	 and	 centralized	 business	 ventures	 will	 require	 the	
development	of	 large	and	diverse	community	 level	 structures	and	nurturing	of	a	business	 culture.	
Consequently,	 there	 is	 need	 for	 appropriate	 technical,	 entrepreneurship	 and	 business	 training	 for	
the	jatropha	producers	individually	and	collectively.	

c.	 Product	 quality	 improvement	 and	 marketing	 will	 require	 close	 collaboration	 among	 key	
stakeholders	 in	the	jatropha	value	chain.	They	include	universities	(e.g.	to	improve	stove	and	lamp	
technologies);	 private	 companies	 and	 consumers	 (for	 quality	 control);	 and	 communities	 and	 local	
entrepreneurs	 (for	 the	 production	 and	 marketing	 of	 quality	 products).	 Local	 communities	 and	
entrepreneurs	will	require	considerable	capacity	building	in	these	areas.		
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d.	 Provision	 of	 investment	 capital	 such	 as	 micro	 loans	 to	 develop	 individual	 and/or	 community	
entrepreneurship	in	the	jatropha	products	business.	

	

		 										
Environment	Africa	conducts	a	community	capacity	building	session	in	Mudzi	district	
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CHAPTER	7:	JATROPHA	INVESTMENTS-LIVELIHOOD-ENVIRONMENT	NEXUS	

Enos	Shumba,	Peter	Roberntz,	Milward	Kuona	and	Laszlo	Mathe	

7.0	Introduction	

Biomass	energy	constitutes	80%	of	sub	Saharan	Africa’s	total	energy	consumption	(Denruyter,	et	al,	
2010).	Africans	 relying	on	 traditional	biomass	energy	 (viz.	 firewood,	 charcoal,	 agricultural	 residues	
and	animal	waste)	for	heating	and	cooking	in	Africa	are	expected	to	increase	from	646	million	to	996	
million	in	2030	(EU,	nd).	Unfortunately,	this	energy	source	is	a	significant	driver	of	land	use	change	
and	Green	House	Gas	(GHG)	emissions	through	deforestation.	For	example,	although	the	continent’s	
carbon	dioxide	emissions	from	fossil	fuels	account	for	only	2.5%	of	global	GHG	emissions,	its	share	of	
global	 carbon	 dioxide	 emissions	 from	 deforestation	 is	 about	 17%	 (Canadell,	 2009).	 Apart	 from	
traditional	biomass,	Africa	heavily	relies	on	fossil	fuels	(viz.	oil	and	coal)	for	its	primary	energy	needs.	
Fossil	fuel	fired	electricity	generation	supplied	90%	of	the	continent’s	electricity	in	2007.	Reliance	on	
this	 energy	 source	 is	 expected	 to	 continue	 until	 2030	 (IEA,	 2009).	 However,	 sub	 Saharan	 African	
countries,	with	 the	exception	of	a	 few	major	oil	exporters	 such	as	Nigeria	and	Angola,	depend	on	
imported	 oil	 and	 suffer	 from	 oil	 price	 fluctuations.	 Consequently,	 renewable	 energy	 will	 play	 an	
important	 role	 in	 Africa’s	 future	 energy	 mix.	 Unfortunately,	 non	 traditional	 bio-energy	 sources	
constitute	only	2%	of	the	global	energy	mix	although	countries	like	Brazil	have	established	large	bio-
energy	 industries	 (Denruyter,	 et	 al,	 2010).	 It	 is	 projected	 that	 bio-fuels	 will	 provide	 25%	 of	 the	
world’s	energy	requirements	in	the	next	15-20	years	(UN-Energy,	2007).		

Some	 developed	 countries	 have	 committed	 themselves	 to	 measurable	 levels	 of	 bio-fuel	 use	 in	
response	 to	 the	 adverse	 impacts	 of	 Green	 House	 Gas	 (GHG)	 emissions	 on	 ecosystem	 health	 and	
human	wellbeing.	This	has	opened	avenues	for	bio-fuel	investments	in	Africa,	a	continent	perceived	
to	 have	 suitable	 land	 and	 water	 resources.	 Such	 investments	 offer	 opportunities	 to	 reduce	 GHG	
emissions	and	allow	developing	countries	to	benefit	from	the	resultant	financial	and	related	inflows.	
However,	 it	 is	becoming	increasingly	apparent	that	such	investments	can	trigger	habitat	alteration,	
biodiversity	loss,	human	displacement	and	food	insecurity	if	not	properly	guided	and	implemented.	
This	 has	 led	 to	 the	 development	 of	 stringent	 internationally	 recognized	 product	 quality	 and	
environmental	standards	(sustainability	criteria)	that	should	be	observed	by	exporting	and	importing	
countries.	Unfortunately,	 the	 standards	have	been	viewed	as	barriers	 to	 trade	by	 some	 feedstock	
producing	countries.	 In	2008,	Malawi	with	seven	other	developing	countries	warned	the	European	
Union	 (EU)	 that	 they	would	 complain	 to	 the	World	 Trade	 Organization	 if	 it	 passed	 the	 proposed	
legislation	designed	to	improve	the	environmental	sustainability	of	bio-fuels	by	restricting	the	types	
of	fuels	that	would	not	fulfil	these	requirements	(The	Nation,	2008).	However,	since	then	the	EU	has	
passed	 sustainability	 requirements	 on	 bio-fuels	which	 need	 to	 be	 fulfilled	 and	 used	 in	 accounting	
towards	EU’s	renewable	energy	targets	and	receiving	tax	incentives.	

Africa	is	considered	as	a	future	supplier	of	bio-energy	by	industrialized	countries	because	of	its	large	
tracts	 of	 land	 and	 cheap	 labour.	 It	 is	 therefore	 not	 surprising	 that	 countries	 such	 as	 Tanzania,	
Mozambique,	Malawi,	Zambia	and	Zimbabwe	have	committed	sizeable	amounts	of	land	to	bio-fuel	
feedstock	 production.	 This	 has	 been	 driven	 by	 a	 desire	 to	 reduce	 dependence	 on	 imported	 fossil	
fuels	(energy	self	sufficiency);	improve	rural	economies;	reduce	GHG	emissions;	and	attract	foreign	
investment	(Chundama,	2008;	Nhantumbo,	2008;	Sibanda,	2008).		
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	Traditional	biomas	energy-a	major	cause	of	deforestation	

Despite	 their	 increasing	 importance,	 bio-fuel	 investments	 pose	 several	 challenges	 that	 include	
distortions	in	local	food	markets	prices;	displacement	of	local	communities;	and	irreversible	damage	
to	ecosystems.	The	United	Nations	(UN)-Energy	noted	that	the	rapid	growth	in	liquid	fuel	production	
could	 raise	 agricultural	 commodity	 prices	 with	 negative	 economic	 and	 social	 consequences	
especially	 on	 the	 poor	 who	 spend	 a	 large	 part	 of	 their	 income	 on	 food.	 Fears	 of	 food	 insecurity	
gathered	momentum	 during	 the	 2008	 global	 food	 riots	 that	 were	 triggered	 by	 skyrocketing	 food	
prices.	It	 is	against	such	a	background	that	South	Africa’s	draft	bio-fuels	industrial	strategy	of	2007	
excludes	maize,	the	country’s	staple	food	crop	from	the	list	of	potential	bio-fuel	feedstocks.	This	is	
despite	 strong	 objections	 from	 South	Africa’s	 commercial	maize	 farmers	 and	 private	 sector	 lobby	
groups	who	wanted	the	crop	to	be	included	(RSA,	2007;	Niewoudt,	2009).	The	opening	up	of	land	for	
bio-fuel	feedstock	production	can	cause	environmental	degradation,	including	biodiversity	loss.	For	
example,	the	clearing	of	81	000	ha	of	land	allocated	to	SEKAB,	a	bio-energy	company,	in	the	Rufuji	
area	 of	 southern	 Tanzania	 could	 lead	 to	 the	 loss	 of	 this	 area’s	 “outstanding	 natural	 biodiversity”	
(Mutch,	 2010).	 Rufuji	 is	 home	 to	 rare	 hardwood	 timber	 species	 such	 as	 African	 blackwood	 and	
mpingo.	Bio-fuel	feedstock	investments	can	also	result	in	land	grabbing,	bad	labour	practices	or	even	
slavery	given	that	part	of	the	targeted	land	includes	smallholder	livestock	production	and	pastoralist	
systems	that	have	no	 land	titles.	This	 is	because	 investors	can	get	 land	concessions	or	 leases	from	
governments;	can	buy	land;	and/or	engage	smallholder	farmers	as	contract	growers.	It	is	also	worth	
noting	 that	 companies	 investing	 in	 bio-energy	 production	 in	 Africa	 are	 usually	 small	 players	
compared	 to	 those	 operating	 in	 Brazil,	 Germany	 and	 the	 USA.	 Consequently,	 their	 management	
capacity	and	 level	of	 accountability	 to	ensure	adherence	 to	 “best	practice”	 commitments	 remains	
largely	unverified	(Denruyter,	2010).		

The	 foregoing	 analysis	 shows	 that	 bio-fuel	 investments	 can	 result	 in	 land	 use	 changes	 with	
significant	 economic,	 social	 and	 environmental	 impacts	 in	 Southern	Africa.	 This	 chapter	 therefore	
highlights	 land	use	 changes	associated	with	 such	 investments;	 and	proposes	a	national	policy	and	
strategy	framework	that	can	facilitate	responsible	bio-fuel	investments	in	the	sub-region.		
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7.1	Jatropha	feedstock	and	land	use	change	

In	2008	jatropha	is	estimated	to	have	been	planted	on	900	000	ha	of	land	worldwide.	About	80%	of	
the	 area	 was	 in	 Asia	 followed	 by	 Africa	 with	 15%	 and	 Latin	 America	 with	 2%	 (IRIN,	 2011).	 It	 is	
projected	that	land	under	the	feedstock	will	increase	to	12.8	million	ha	by	2015	(www.sdoills.com).	
Table	1	gives	estimates	of	land	planted	to	the	feedstock	in	2008	and	projections	for	2015	in	selected	
Southern	African	countries.	Although	the	land	area	information	various	with	source,	land	devoted	to	
the	 feedstock	 is	expected	 to	 increase	as	more	 investments	 come	 in	 (African	Biodiversity	Network,	
2007;	GRAIN,	2007;	Smolker,	et	al,	2007).	

	Table	1:	Estimates	of	land	under	jatropha	in	2008	and	projections	for	2015	

Country	 2008	(ha)	 2015	(ha)	 Identified	
projects	

Malawi	
Mozambique	
Tanzania	
Zambia	
	

				4	500	
				7	900	
		17	600	
		35	200	

		226	000	
		170	000	
		165	000	
		134	000	

		12	
		12	
				9	
				6	
	

Source:	www.sdoil.com	

Table	 2	 shows	 the	 amount	 of	 land	 required	 to	 grow	 jatropha,	 sugarcane	 and	 sweet	 sorghum	
feedstock	 to	 run	 a	 12	 million	 litre	 per	 year	 capacity	 bio-fuel	 processing	 plant.	 The	 following	
inferences	can	be	made	from	the	table:	

• The	 amount	 of	 land	 required	 varies	 with	 type	 of	 feedstock	 and	 is	 largely	 a	 reflection	 of	
feedstock	 productivity;	 type	 of	 bio-fuel	 produced	 (viz.	 bio-ethanol	 or	 bio-diesel);	 and	 oil	
conversion	efficiency;	

• Land	 required	 for	 sweet	 sorghum	 feedstock	 is	 less	 than	 that	 for	 sugarcane.	 This	 is	 partly	
because	bio-ethanol	produced	from	the	former	feedstock	is	by	direct	conversion	while	that	
from	the	latter	is	by	indirect	conversion	through	molasses	(Annex	1).	

• The	amount	of	land	required	is	smaller	when	feedstock	productivity	is	high.	For	example,	the	
land	area	required	to	produce	12	million	litres	of	jatropha	bio-diesel	per	year	declines	from	
40	000	ha	to	13	400	ha	when	feedstock	seed	yield	increases	from	1	ton/ha	to	3	tons/ha.	The	
requirement	 is	 even	 higher	 if	 the	 average	 jatropha	 seed	 yield	 of	 0.8	 tons/ha	 achieved	 by	
smallholder	farmers	in	Malawi,	Zambia	and	Zimbabwe	is	used.	

It	 is	 clear	 from	 the	 foregoing	 that	 bio-fuel	 investments	 require	 substantial	 amounts	 of	 land	 for	
feedstock	production.	Such	land	could	come	from	three	scenarios:	Scenario	1	involves	the	opening	
up	of	virgin	 land.	This	 is	 taking	place	 in	countries	 such	as	Malawi,	Mozambique,	Tanzania,	Zambia	
and	Zimbabwe.	Its	possible	impacts	include	altering	landscapes;	loss	of	biodiversity;	displacement	of	
local	 communities	 to	make	way	 for	bio-fuel	 plantations;	 and	 tying	up	 land	 that	 could	be	used	 for	
food	 production.	 Scenario	 II	 consists	 of	 switching	 from	 cultivating	 an	 existing	 crop	 to	 a	 bio-fuel	
feedstock.		For	example,	a	switch	from	growing	tobacco	to	jatropha	is	planned	in	Manica	province	of	
Mozambique	while	Malawi’s	smallholder	farmers	are	encouraged	to	switch	from	tobacco	cultivation	
to	 jatropha	 in	 some	districts	 (Mughogho,	pers	 com).	 	 This	 scenario	 could	have	minimal	 impact	on	
landscape	 alteration,	 bio-diversity	 loss	 and	 human	 displacement	 as	 it	 mainly	 utilizes	 currently	
cropped	 land.	However,	 it	 could	affect	 food	security	 should	 farmers	abandon	staple	 food	crops	 in	
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favour	 of	 bio-fuel	 feedstocks.	 Scenario	 III	 involves	 the	 production	 of	 jatropha	 feedstock	 as	 a	 live	
fence/hedge	 around	 homesteads	 and	 on	 field	 boundaries	 (idle	 land).	 This	 is	 being	 practiced	 by	
smallholder	farmers	in	Malawi,	Zambia	and	Zimbabwe	and	has	limited	impact	on	landscape	integrity,	
food	production	and	community	welfare.	Scenarios	 I	and	 II	 raise	questions	on	the	sustainability	of	
bio-fuel	production	in	Southern	Africa	and	elsewhere	and	highlight	a	need	for	appropriate	national	
policies	and	strategies	that	guide	bio-fuel	investments.	At	the	international	level,	emphasis	has	been	
on	developing	 sustainability	 criteria	 for	bio-energy	production	and	use	 such	as	 the	Roundtable	on	
Sustainable	Bio-fuels	(RSB).	Unfortunately,	such	standards	and	certification	schemes	cannot	control	
what	happens	outside	the	“farm	gate”	especially	in	environments	with	weak	governance.		

	

A	jatropha	plantation	

Table	2:	Land	required	to	produce	bio-fuel	feedstock	for	a	12	million	litre	per	year	capacity	plant		

Feedstock	 													Low	potential	 																	High	potential	
	 Yield,	t/ha	 Land	required,	ha	 Yield,	t/ha	 Land	required,	ha	
Sugarcane	 -	 -	 115	 	10	400	
Sweet	sorghum	 35	 		6	234	 		50	 				4	400	
Jatropha	 		1	 40	000	 				3	 		13	400	
Source:	Shumba,	et	al,	2009;	Annex	1	

7.2	National	bio-fuel	policies,	strategies	and	frameworks	

As	 is	 the	 case	 with	 any	 development	 initiative,	 bio-fuel	 investments	 might	 not	 yield	 the	 desired	
results	 if	not	properly	guided	and	 implemented.	Of	greater	concern	 is	 the	 fact	 that	bio-fuel	policy	
and	legislative	frameworks	in	some	Southern	Africa	countries	are	still	evolving	and	their	provisions	
are	general	statements	on	biomass	energy,	renewable	energy	and	or	bio-fuels	(Shumba,	et	al,	2009).	
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Notwithstanding,	 countries	 such	 as	 Mozambique	 have	 made	 considerable	 progress	 in	 putting	 in	
place	 appropriate	 policy	 and	 legislative	 frameworks	 (Table	 3).	 The	 role	 played	 by	 enabling	
government	policies,	legislation,	and	regulations	in	developing	a	viable	bio-fuels	industry	cannot	be	
over-emphasized.	This	is	vindicated	by	FAO	who	stated	that	“there	is	as	yet	no	country	in	the	world	
where	 a	 bio-fuels	 industry	 has	 grown	 to	 commercial	 scale	without	 a	 clear	 policy	 or	 legislation	 in	
place	 to	 support	 the	 business”	 (FAO,	 2008).	 An	 enabling	 national	 bio-fuel	 policy	 and	 strategy	
framework	 should	 embrace	 the	 following	 four	 pillars:	 economic,	 social,	 environmental	 and	
institutional	as	elaborated	in	this	section	(Shumba,	et	al,	2011).	

Table	3:	Status	of	bio-fuel	policies	and	strategies	in	some	Southern	African	countries	

Country	 Status	
Malawi	 Malawi’s	national	 energy	policy	of	2003	made	blending	of	petrol	with	bio-ethanol	

mandatory.	However,	the	country’s	growth	and	development	strategy	of	2006-2011	
and	 the	 agriculture	 development	 programme	 of	 2007-2011	 have	 no	 provisions	 or	
strategies	 for	 the	bio-fuel	 sector.	 	Plans	are	now	under	way	 to	develop	a	national	
bio-fuel	policy	and/or	strategy.	

Mozambique	 The	Mozambique	 government	 adopted	 a	 bio-fuels	 national	 policy	 and	 strategy	 in	
March	 2009	 (ictsd.net).	 The	 intention	 of	 the	 policy	 is	 to	 stimulate	 investments	 in	
bio-fuel	production,	especially	by	the	private	sector.	In	this	regard,	the	country	has	
promulgated	legislation	on	the	blending	of	bio-fuels	with	fossil	fuels.	

Zambia	 The	Government	of	Zambia	produced	a	draft	Bio-fuels	development	framework	that	
informed	the	revised	national	energy	policy.	The	latter	recognizes	the	potential	role	
of	renewable	energy	in	the	country’s	energy	balance	and	identifies	sugarcane,	sweet	
sorghum	and	 jatropha	as	priority	 feedstocks	 for	bio-fuel	production.	However,	 the	
country	has	no	explicit	national	bio-fuel	policy	and	strategy.	

Zimbabwe	 A	 2007	 Cabinet	 white	 paper	 on	 the	 principles	 for	 bio-fuels	 development	 and	 use	
states	the	country’s	intention	to	pursue	bio-fuels	development	by	growing	Jatropha	
curcas	and	processing	its	seed	into	bio-diesel	for	blending	with	diesel;	and	to	expand	
the	 area	planted	 to	 sugarcane	 to	produce	bio-ethanol	 for	blending	with	petrol.	 In	
addition,	the	draft	national	energy	policy	of	2007	highlights	the	need	to	support	and	
encourage	 research	 and	development	 in	 renewable	 energy	 sources,	 including	bio-
fuels.	A	process	to	develop	an	explicit	national	bio-fuel	policy	and	strategy	has	been	
initiated.		

Source:	Mughogho,	et	al,	2009;	Chundama,	2008;	Nhantumbo,	2008;	Sibanda,	2008;	ictsd.net)	

7.2.1	The	economic	pillar	

Among	 other	 things,	 the	 economic	 pillar	 embraces	 the	 following	 elements:	 blending	 ratios	 and	
modalities;	pricing	formula	for	the	blend;	and	investor	incentives.	

Blending	ratios	and	modalities:	Brazil	and	the	United	States	of	America	contributed	over	89%	of	the	
79	billion	litres	of	bio-ethanol	produced	for	road	transportation	worldwide	in	2009.	Both	countries	
had	 mandatory	 blending	 targets	 for	 ethanol	 and	 petrol.	 In	 the	 case	 of	 Malawi	 and	 Zimbabwe,	
mandatory	 blending	 ratios	 of	 up	 to	 18%	 have	 been	 used	 without	 modifying	 vehicle	 engines.	
However,	bio-fuel	and	fossil	fuel	blending	should	be	done	cost	effectively	and	product	quality	should	
meet	consumer	needs	and	international	standards.	This	requires	that	an	effective	monitoring	system	
is	put	in	place.	Possible	blending	logistical	options	include:		
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• Centralizing	 blending	 at	 few	 strategically	 located	 depots	 in	 situations	 with	 few	 oil	
companies.	 Such	 a	 scenario	 obtained	 in	Malawi	 and	 Zimbabwe	 in	 the	 1960’s	 and	 1970’s;	
and,	

• Setting	up	semi-centralized	blending	units	(e.g.	in	major	cities)	or	engaging	an	independent	
national	blender.	This	 could	be	applicable	 in	 situations	with	many	oil	operators	but	would	
require	effective	monitoring.	

Pricing	 formula	 for	 fuel	 grade	 bio-ethanol:	 The	 bio-fuel	 industry	 should	 bring	 sufficient	 economic	
returns	 to	 the	 investor	 to	 attract	 and	 retain	 investment	 across	 the	 value	 chain	 (viz.	 feedstock	
production,	 bio-fuel	 production,	 blending	 and	 marketing).	 However,	 the	 economic	 viability	 of	
producing	bio-fuel	blends	depends	on	prevailing	fossil	fuel	prices.	

Investor	incentives:	Brazil	has	the	largest	and	most	successful	bio-fuel	programme	in	the	world.	The	
programme	was	 launched	 in	 1975	 and	 focused	 on	 national	 energy	 independence	 by	 phasing	 out	
fossil	 fuels	 in	 favour	 of	 sugarcane	 based	 ethanol.	 This	 was	 in	 response	 to	 a	 global	 oil	 crisis	 that	
resulted	 in	 fossil	 fuel	 shortages.	 However,	 the	 country’s	 bio-fuel	 industry	 was	 nurtured	 by	
government	through	subsidies	during	its	formative	years.	Incentive	that	can	make	a	bio-fuel	business	
economically	 viable	 include	 duty	 free	 importations	 of	machinery;	 tax	 rebates	 for	 environmentally	
friendly	operations	and	for	demonstrating	responsible	corporate	social	responsibility;	and	clear	and	
user	friendly	regulatory	guidelines	that	include	licensing	and	registration.	Southern	African	countries	
have	viewed	the	provision	of	land	as	a	major	incentive	for	bio-fuel	investments.	

(Photo	of	service	station	that	sells	blended	fuel)	

7.2.2	The	Social	pillar	

The	pillar	should	provide	for:	

• Ensuring	 that	 local	 communities	 substantially	 benefit	 from	 bio-fuel	 investments	 (e.g.	
through	involvement	in	economically	viable	smallholder	out-grower	scheme	arrangements);	

• Recognition	of	and	respect	for	community	land	rights	in	situations	where	their	land	is	taken	
over	 and	 opened	 up	 for	 feedstock	 plantation	 development	 through	 clauses	 that	minimise	
community	 displacements	 in	 land	 lease	 agreements.	 In	 cases	 of	 any	 compensation,	
acquisition,	 or	 voluntary	 relinquishment	 of	 rights	 by	 land	 users	 or	 owners	 for	 bio-fuel	
operations,	 there	 should	 be	 negotiated	 agreements	 that	 include	 free	 and	 prior	 informed	
consent	by	affected	communities;	

• Diversification	of	bio-fuel	feedstock	products,	including	community	level	value	addition	and	
utilization.	 Bio-fuel	 investments	 are	 currently	 targeting	 national	 and	 international	markets	
that	are	vulnerable	to	fossil	price	fluctuations.	Investments	that	develop	and	expand	bio-fuel	
product	markets	beyond	the	fossil	fuel	extender	domain	can	therefore	stabilize	demand	and	
product	 price.	 In	 addition,	 the	 promotion	 of	 bio-fuels	 (e.g.	 jatropha	 based	 bio-diesel)	 for	
cooking	and	lighting	can	improve	livelihoods	of	the	poor	in	rural	and	urban	areas	and	reduce	
deforestation;	and,	

• The	balancing	of	bio-fuel	feedstock	production	and	food	security	at	national	and	community	
levels	within	the	context	of	the	bio-fuels	versus	food	security	debate.		
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7.2.3	The	environmental	pillar	

The	pillar	addresses	environmental	sustainability	issues	and	should	provide	for:	

• The	conduct	of	national	 land	assessment	and	zoning	exercises	which	 identify	and	map	out	
potential	areas	 for	bio-fuel	 investments	and	potential	 “no	go	areas”	 for	 incorporation	 into	
national	and	local	land	use	plans.	This	guards	against	pushing	bio-fuel	feedstock	production	
into	biodiversity	sensitive	areas	and	protects	ecosystem	services;		

• Addressing	 sustainability	 issues	 around	 feedstocks	 such	 as	 sugarcane	 that	 require	 high	
fertilization	 and	 watering	 regimes	 for	 satisfactory	 yields;	 and	 jatropha	 that	 is	 said	 to	 be	
invasive	under	certain	conditions;	and,	

• International	 considerations	 around	 environmental	 sustainability	 and	 product	 standards.	
Potential	buyers	of	a	country’s	bio-fuels	(e.g.	the	European	Union)	have	set	environmental	
sustainability	criteria.	These	should	not	be	viewed	as	barriers	to	trade	but	should	rather	be	
seen	as	a	guide	for	the	development	of	a	responsible	and	recognised	bio-fuel	industry	that	
can	also	reach	 international	markets	 for	responsibly	produced	bio-fuels.	Consequently,	 the	
adaptation	 and	 adoption	 of	 internationally	 recognized	 environmental	 standards	 in	
consultation	 with	 relevant	 stakeholders	 such	 as	 the	 Roundtable	 on	 Sustainable	 Bio-fuels	
(RSB)	 should	 be	 encouraged.	 The	 RSB	 is	 a	 global	 multi-stakeholder	 bio-fuels	 certification	
scheme	 that	provides	 a	 set	of	 principles	 and	 criteria	 for	more	 responsible	production	and	
use	of	bio-fuels.	

7.2.4	The	institutional	pillar	

Bio-fuel	 production	 involves	 many	 actors	 that	 include	 policy	 makers,	 buyers	 and	 sellers.	 A	
mechanism	that	brings	together	these	players	for	synergy,	coordination	and	balancing	of	roles	and	
responsibilities	 (e.g.	 responsibility	 for	 monitoring	 the	 implementation	 of	 sustainability	 criteria	
among	government,	the	investor	and	civil	society)	is	therefore	necessary.	The	pillar	should	therefore	
address	 institutional	 capacity	building	 and	 coordination	 issues	 across	 the	bio-fuel	 value	 chain	 (viz.	
feedstock	 production	 selection,	 production,	 processing,	 packaging,	marketing	 and	 investment)	 for	
public,	private,	civil	society,	business	and	community	level	players.	It	should	provide	for:	

• The	articulation	of	specific	strategies	that	support	and	synchronise	various	parts	of	the	bio-
fuels	value	chain;	

• Targeted	capacity	building	of	institutions	and	individuals	across	the	value	chain;	and,	
• Ensuring	that	related	sectoral	policies	are	complementary	to	and	supportive	of	sustainable	

bio-fuel	investments	across	the	value	chain.	

(Photo	of	bio-fuel	feedstock	processing	plant)	

7.3	Conclusions	and	recommendations.		

At	current	low	seed	yields,	the	profitability	of	jatropha	feedstock	cultivation	under	both	community	
and	 large	 scale	 conditions	 is	 greatly	 compromised	 if	 the	 intended	 product	 is	 bio-diesel	 alone	
(Shumba,	et	al,	2011).	More	importantly,	the	amount	of	land	required	to	produce	a	given	quantity	of	
bio-fuel	under	plantation	 conditions	 largely	depends	on	 jatropha	 seed	productivity.	Consequently,	
substantial	amounts	of	land	will	be	required	to	support	jatropha	based	bio-diesel	production	if	seed	
yields	 remain	 low.	 The	 conversion	of	 large	 tracts	of	 land	associated	with	 this	 can	adversely	 affect	
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biodiversity,	 habitat	 and	 ecosystem	 integrity,	 climate	 change	mitigation	 capacity,	 household	 food	
security	 and	 community	 land	 rights.	 There	 is	 therefore	 need	 to	minimize	 such	 impacts	 by	 raising	
jatropha	seed	yields	through	research	and	development.	In	this	regard,	WWF	is	supporting	jatropha	
germplasm	evaluation	and	agronomic	work	 in	 Zimbabwe	 through	a	 European	Commission	 funded	
four	 and	 half	 year	 project.	 The	 work	 in	 being	 carried	 out	 in	 partnership	 with	 the	 University	 of	
Zimbabwe	and	the	Department	of	Research	and	Specialist	Services	of	the	Ministry	of	Agriculture.		

Bio-fuel	 investments	 will	 result	 in	 the	 opening	 up	 of	 considerable	 amounts	 of	 land	 for	 bio-fuel	
feedstock	cultivation	in	Southern	Africa.	Such	developments	can	lead	to	community	displacements;	
environmental	 degradation;	 and	 food	 insecurity	 if	 not	 properly	 guided	 and	 implemented	 through	
appropriately	 targeted	policy	and	strategy	 frameworks.	Such	 frameworks	are	not	 in	place	 in	 some	
countries.	Consequently,	the	following	is	recommended:	

• The	 development	 and	 adoption	 of	 a	 common	 Southern	 African	 position	 on	 bio-fuel	
investments	to	prevent	investors	hoping	from	country	to	country	in	search	of	lax	investment	
conditions.	 In	this	regard,	the	Southern	Africa	Community	(SADC),	through	its	regional	Bio-
fuels	 Task	 Force,	 in	 partnership	 with	 various	 stakeholders,	 has	 developed	 sustainability	
guidelines	 for	 bio-fuel	 investments.	 The	 guidelines	 could	 be	 an	 important	 reference	 for	
national	 bio-fuel	 policy	 development	 that	 takes	 into	 account	national	 priorities,	 legislative	
constraints,	national	development	priorities,	land	tenure	issues	and	specific	local	conditions	
that	affect	bio-fuel	feedstock	selection	(ProBEC,	2009;	Mtisi,	et	al,	2010);	and,	

• The	development	of	specific	national	policies	and	strategies	that	guide	bio-fuel	investments	
along	the	framework	proposed	in	this	chapter.	It	is	however	critical	that	once	in	place,	such	
national	policies	and	strategies	are	implemented	and	monitored	to	ensure	compliance.			
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ANNEX	1:	BIO-FUEL	CONVERSIONS	FOR	JATROPHA,	SUGARCANE	AND	SWEET	SORGHUM	
FEEDSTOCKS	

Jatropha	 Sugarcane	 Sweet	sorghum	
	
Jatropha	 seed	 oil	 content	 is	
30-35%.	 The	 conversion	 rate	
from	oil	to	bio-diesel	is	1:1.	
1	 ton	 of	 seed	 therefore	
produces	 300	 litres	 of	 oil	
which	 is	 equivalent	 to	 300	
litres	of	bio-diesel.	
	

	
1	 ton	 of	 molasses	 produces	
250	 litres	 of	 ethanol	 (indirect	
conversion).	 4%	 of	 sugarcane	
yield	 is	 molasses.	 1	 ton	 of	
cane	 therefore	 produces	 40	
litres	 of	 molasses	 which	 is	
equivalent	 to	 10	 litres	 of	
ethanol.	
	
1	 ton	 of	 sugarcane	 produces	
80	 litres	 of	 ethanol	 by	 direct	
conversion.	

	
1	 ton	 of	 sweet	 sorghum	
produces	 55	 litres	 of	 ethanol	
by	 direct	 conversion	 (Woods,	
2001).	

Source:	Woods,	2001;	E.	Mutasa,	pers	com.	
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CHAPTER	8:	JATROPHA,	BIODIESEL	AND	THE	FUTURE!	A	PROGNOSTIC	SYNTHESIS	
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