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         Introduction 

 Along with the rapid economic growth, China’s consumption of energy is continuously 
increasing. Since 1998, the consumption of energy in China has been increasing at a 
rate of 5%, which is three times higher than the world average. China is now the second 
largest importer of oil in the world. In 2005, China imported 168 million tons of crude 
oil, which accounts for 42.9% of the total amount of domestic consumption. As pro-
jected, China will reach the peak of energy consumption, that is, 4.18 billion tons of 
standard coal equivalents, in 2020 (EPASEA-NIC  2008  ) . To meet its demand for 
energy, China highly depends on importing energy. According to the International 
Energy Agency, China’s import of petroleum will account for about 77% of its total 
demand by 2020, and 84% by 2030 (IEA  2005  ) . Thus, it is a hard task to meet the 
demand for diesel in China in the long term (Li  2001  ) . In the next two decades, China 
will face a severe energy supply challenge. 

 Given abundant coal reserves compared to the insuf fi cient supply of oil and gas, 
China has mainly relied on coal for its energy in the past decades. China’s energy 
structure is dominated by coal, which accounted for 68.8% of the total energy con-
sumption in 2006 (EPASEA-NIC  2008  ) . Along with the consumption of fossil 
energy, air pollution and the emission of  carbon dioxide  (CO 

2
 ) have also attracted 

the concerns of Chinese government and academia. As pollution from the burning 
of coal becomes more and more, it is an urgent task to search for environment-
friendly alternatives to fossil fuel. Moreover, along with the worldwide concerns on 
global warming, China is facing international pressures for the reduction of green-
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house gas (GHG) emission. The emission of CO 
2
  equivalent is projected to be 5.2 

billion tons and 5.6 tons in 2015 and 2020, respectively (EPASEA-NIC  2008  ) . 
 The increases in crude oil prices and the concern for environmental protection 

gave an impetus to the search of renewable alternative sources of oil (Shay  1993 ; 
   Runge and Senauer  2007 ; Hazell and Pachauri  2006  ) . Among the renewable 
energy to be developed, liquid biofuels, including bioethanol and biodiesel, is a 
priority for development because it can be used in existing engines. Moreover, the 
production and use of biofuel has the potential of reducing dependence on petro-
leum, improving environmental quality, lowering the emission of greenhouse gas 
(GHG), promoting rural development, and providing farmers job opportunities 
(Krawczyk  1996 ; FAO  2008 ; Wiesenthal et al.  2009  ) . As in many other countries, 
the production of biofuel in China is seen as an alternative to reduce the pressure 
induced by the increasing oil scarcity and to achieve sustainable development. 

 In 2005, China became the world’s third largest biofuel producer with an output of 
one million tons, behind Brazil and the US (USDA  2006  ) . In 2006, the National 
Development and Reform Commission (NDRC) of China set the threshold of 15% 
biofuel as the target to be meet by the fuel transportation system by 2020 (USDA  2006  ) . 
The State Forest Administration (SFA) of China set the target of 13 million hectares to 
be planted with oilseed species suitable for biodiesel production by 2010. The expecta-
tion of the Ministry of Science and Technology (MOST) is to reach the production of 
1.5-2 million tons of biodiesel by 2010 and 12 million tons by 2020 (GTZ 2006). 

 The production of  fi rst generation biofuels whose feedstock is agricultural crops 
will have a negative effect on food security if produced in large quantities (Runge 
and Senauer  2007 ; Huang et al.  2009  ) . In  2007 , food prices on the international 
market increased by 15.6% and those in China by 10.8% on a year to year basis 
(NBSC  2008  ) . Using woody plants produced from non-agricultural land as feed-
stock to produce second generation biofuel will not affect food security and can be 
more conducive to respect the environment than  fi rst generation biofuels. That is, 
sustainable biofuel production will be better achieved with a shift from the produc-
tion of  fi rst generation biofuel to that of second generation biofuel including ligno-
cellulosic ethanol from biomass crops and biodiesel from oilseed tree species (FAO 
 2008 ; Flavin  2008  ) . The rise in food prices has thus triggered the production priority 
from  fi rst generation to second generation biofuel. 

 While the second generation bioethanol is facing a technological challenge, sec-
ond generation biodiesel is attracting more and more attention throughout the 
world due to its technological easiness of production. Second generation biodiesel 
is a promising fuel, but its production is challenged by high cost and limited avail-
ability of oil resources. The availability and sustainability of suf fi cient supplies of 
less expensive feedstock will be a crucial determinant in delivering a competitive 
biodiesel to commercial fueling stations. One way of reducing biodiesel produc-
tion costs is to use less expensive fatty acid containing feedstocks, such as inedible 
oils, animal fats, waste food oil and byproducts of vegetable oil re fi ning (Veljkovic 
et al.  2006  ) . Fortunately, biodiesel can be produced from inedible vegetable oils, 
mostly from seed-bearing trees and shrubs. There are 151 families, 697 genera and 
1,554 species of oilseed plants of which 30 species have the potential of becoming 
feedstock for biodiesel production. However, only a few of these species can be 



976 Producing Jatropha Biodiesel in China: Policies, Performance and Challenges

cultivated as biodiesel feedstock plantations on waste land. So far, the Ministry of 
Science and Technology of China is targeting at producing biodiesel from  J. curcas  
(JCL),  Pistacia chinensis  Bunge , Xanthoceras sorbifolia  Bunge ,  and  Cornus 
wilsoniana  Wangerin .  

 JCL receives the largest attention because it does not compete with food uses, it has 
excellent oil characteristics and it is distributed all over tropical and subtropical cli-
mates across the developing world (Heller  1996 ; Openshaw  2000  ) . In China, the diesel 
oil consumption was 67.15 million tons in 2000, 85.3 million tons in 2005 and will be 
133 million tons in 2015 (Li  2001  ) . Thus, JCL biodiesel has a large market potential. 

 Since China has the largest population in the world and the lowest farmland  
per capita  (less than 0.1 hectare), it is thus impossible to use farmland to produce 
biofuel on a large scale (Wang et al.  2005  ) . However, China has a lot of mountains 
and marginal lands which are suitable for the plantation of arborous and shrub oil-
seed plants. The cultivation of these plants can not only provide raw material for the 
biofuel industry, but also promote the restructuring of rural industry and increase 
farmers’ income. Moreover, the cultivation of these plants on marginal or waste 
land in a sustainable way can also contribute to ecological rehabilitation. Being 
such an oilseed, JCL is considered as a priority feedstock species in China, as in 
many other countries.  

   Biofuel Policies in China 

 The development of renewable energy has become an important component of China’s 
energy development and sustainable development strategies. The Chinese govern-
ment has adopted many policies and measures to develop renewable energy and 
address the issue of climate change. The promotion of biofuel was listed in the 
“National plan for scienti fi c and technological industrialization programs” in May 
2003. Accordingly, the Ministry of Science and Technology launched the “10th 5-year 
plan for biofuel technology development” in 2004. The agricultural and forest bio-
mass program, supported by a national special fund, was started in 2005. According 
to its “Middle and Long Term Development Plan of Renewable Energy,” China set an 
ambitious target of an annual production of 10 million tons of biofuel by 2020 (NDRC 
 2008  ) . The “law for renewable energy” was also approved in 2005 and came into 
force starting from January 1, 2006. In 2007, the  fi rst national standard for biodiesel 
was designed and put into practice. In China’s “11th  fi ve-year plan framework for 
national economic and social development”, it was highlighted that more efforts 
should be invested in the development of renewable energy, especially by improving 
the production capacity of power stations running on biomass, bioethanol and biodie-
sel. These policies and measures laid a solid foundation for biodiesel as a substitute to 
fossil diesel to enter fuel market and provided a legal basis for providing subsidized 
loan and tax discount to companies involved in biodiesel production. 

 In 2007, concerns over food security led China’s central government to con-
trol the use of grain-based feedstock for biofuel production and to reorient the 
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country’s bioenergy plans toward perennial crops to be grown on marginal land. 
That is, neither biofuel should be derived from feedstock competing with crops 
from foodlands nor should they compete with human and livestock access to 
food. In addition, biofuels should not be harmful to the environment (MOA 
 2007  ) . China has the largest human population, accounting for 22% of the world 
population, but it has only 120 million hectares farmland, i.e., 7% of the total 
world area available for farming. Thus, the limited farmland will be used to grow 
food crops so as to feed the large population. The expansion of grain-derived 
biofuel is prohibited in order to alleviate the pressure on food security, while 
non-crop feedstock is encouraged, including sweet sorghum, cassava, sweet 
potato and other non-grain crops. As a non-grain crop, JCL has emerged as a 
high potential biodiesel feedstock because of its adaptability to diverse growing 
conditions. Provincial governments in Southwest China have drafted plans to 
increase the area of JCL planting by over one million hectares in the next decade 
(Weyerhaeuser et al.  2007  ) . 

 To promote the development of low-carbon economy is another justi fi cation 
for the production of biofuel. Chinese government has announced many related 
policies since 2006, including the “National Assessment Report on Climate 
Change”, “China’s National Climate Change Program”, “Decision on the strength-
ening of energy saving work”, and “The comprehensive work plan for energy 
saving and emission reduction”. All of these policies have laid out a development 
plan for the energy system, and will contribute a lot to the control and mitigation 
of GHG emissions in China. In particular, in November 2009, Chinese govern-
ment announced its target of reducing the emission of CO 

2
  by 40–45% per unit of 

GDP in 2020 over the level of 2005. To meet this target, biofuel, especially second 
generation biofuel, is considered as an important alternative for fossil fuel (Wang 
et al.  2010 ; Liu et al.  2010  ) . 

 To encourage the development of biofuels industry, a set of incentive policies 
was implemented in 2007; they include (i) mandatory mixing of 10% bioethanol 
in gasoline in nine provinces to secure the biofuel market; (ii) waiving the 5% 
consumption tax on bioethanol and refunding the 17% value added tax; and 
(iii) direct subsidies to biofuel plants of about $ 200 per ton (Qiu et al.  2008  ) . 
These policies resulted in a rapid increase in the output of biofuel in China. In 
2007, China is among the largest bioethanol producers in the world with an output 
of 1.3 million tons of bioethanol. 

 Subsidies to biofuel feedstock producers are indispensable to promote the inte-
gration of non-grain biofuel in the present Chinese energy market. In 2007, the 
Ministry of Finance of China released a policy to encourage the use of non-food 
feedstock to produce biofuels by providing subsidies and other forms of  fi nancial 
support to people involved in the production of biofuels (China Daily  2007  ) . 
Speci fi cally, farmers involved in feedstock production for biofuel manufacture 
started to receive a subsidy of 3,000 yuan (1 yuan = $ 0.16; April 2012) for each 
hectare of forest and 2,700 yuan for each hectare of non-grain agricultural crops. 
As far as JCL plantation is concerned, the producers are to be subsidized by a rate 
of 3,000 yuan for each hectare of JCL plantation.  
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   JCL and Its Development in China 

   JCL in China 

 JCL is a small tree or shrub belonging to the family of Euphorbiacae. JCL has great 
potential for the production of biodiesel due to its adaptability to the environment, 
especially to drought, but also to soil of poor quality. JCL was introduced into China 
300 years ago; its growth in the wild is found in the tropical or subtropical area, such 
as the dry and hot valleys of Guangdong, Guangxi, Hainan, Fujian and Taiwan, 
especially Yunnan, Guizhou and Sichuan (Wu and Zong  2007  ) . In Yunnan Province, 
JCL can typically grow at an altitudinal range of 600–1,400 m above sea level (Zeng 
 2006  ) . In Yunnan Province, JCL mainly grows between 600 and 1,400 m and can 
survive in plains, hills and valley slopes between 700 and 1,600 m (Yuan et al. 
 2007  ) . In Guizhou Province, JCL is mainly distributed in the southern and south-
west parts, mainly in dry and hot valleys in the basins of Nanpan River, Beipan 
River and Hongshui River at an altitude range of 275–800 m (Chen et al.  2006  ) . In 
Sichuan Province, JCL is mainly distributed in the dry-hot valleys below 1,600 m 
(Xu et al.  2008  ) . 

 According to preliminary statistics, the natural growth of JCL in Yunnan, 
Guizhou, and Sichuan provinces is about 33,000 hectares (Wu and Zong  2007  ) . 
Over the past several years, the area of JCL plantation has been gradually increased 
as more effort has been made in the development of biodiesel. It is reported that the 
area of JCL plantation was 680,000 hectares in Yunnan, more than 17,300 hectares 
in Sichuan in 2007, and 15,300 hectares in Guangxi by the end of July 2008. Despite 
its strong ecological adaptation, existing JCLs are mainly distributed on the sides of 
villages and homestead, banks of ditches and channels, alluvion of rivers, valleys 
and the lower end of slopes. For example, the distribution of existing JCL resources 
in Yunnan Province is shown in Table  6.1 .  

 Before cultivation for biodiesel production, JCL has been used (i) for fencing or 
hedging along rivers and road sides and its seed oil was mainly used to produce 
lubricant and lacquer (Zheng et al.  2008  ) ; (ii) as raw material for green manure in 
Nanpan River, Beipan River of Guizhou and Panzhihua of Sichuan; (iii) for soap 
fabrication in Qiaojia County of Yunnan Province; and (iv) recently to prevent soil 
erosion in Binchuan County of Yunnan Province and Panzhihua, in Liangshan pre-
fectures of Sichuan Province (Xiang et al.  2008  ) . 

   Table 6.1    The distribution of existing JCL resources in Yunnan Province   

 Area  Forests  Clusters on four sides a   Scattered trees  Total 
 Ha  7162.01  8066.76  2823.87  18052.65 
 %   39.67   44.69   15.64   100 

   a  Four sides  refer to sides of homesteads, villages, roads and ditches;  scattered plots  refer to unused 
small patches of lands which are sporadically distributed  
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 Yield of JCL seeds varies greatly with eco-climatic conditions. In their literature 
survey of JCL seed yields in India, Mali, Nicaragua, Paraguay, Thailand and Cape 
Verde, Achten et al.  (  2008  )  showed that the annual yield of JCL seeds was 0.3–5 
tons per hectare with a few reports of 6.7 tons per hectare in India and 8 tons per 
hectare in Mali. At a conference on the production of biodiesel from JCL held in 
Wageningen in the Netherlands in March 2007, participating experts agreed that a 
yield of 4–5 tons per hectare is feasible. However, the upper limit of seed yield (5 
tons per hectare) has never been con fi rmed by JCL growers. As soon as the  fi rst year 
of plantation, JCL can bear fruit in small quantities and the fruit yield can reach 
4–5 kg per tree 4 or 5 years later if the plantation is well-managed. However, if trees 
are planted on barren hills and fed by rain, the yield per tree is not expected to over-
come 1–1.25 kg (Kumar et al.  2003  ) . 

 In China, He at al.  (  2007  )  found that the seed yield is between 300 and 600 fruits 
per tree with an average of 200 fruits per tree and a maximum of 1,500 fruits per tree 
according to a survey of 10 JCL plots in Honghe Prefecture of Yunnan whose trees 
were between 5 and 20 years old (Table  6.2 ). Because there are usually three seeds 
in each fruit and the weight of a single seed is 0.5–0.75 g (Zheng et al.  2008  ) , the 
seed yield is 0.54–1.08 kg per tree with an upper limit of 2.70 kg per tree. In Guizhou 
province, Chen et al.  (  2006  )  found that seed yield of JCL was between 2 and 4 kg 

   Table 6.2    Seed yields of JCL   grown at different sites   

 Code of 
samples 

 Coordinates of 
sample sites 

 Elevation 
(m)  Age (yr) 

 Height 
(m) 

 Crown 
width 

 Number 
of fruits 

  1  23°05 ¢ 37″N; 
103°10 ¢ 47.3″E 

 183  10  5.3  7.5  300 

  2  23°36 ¢ 55.5 ¢ N; 
102°27 ¢ 22. 2″E 

 1150  10  3.3  4.0  450 

  3  23°34 ¢ 21.9″N; 
103 ¢ 52 ¢ 2.22″E 

 1476  10  2.8  3.0  300 

  4  23°0 ¢ 6.72″N; 
103°40 ¢ 3. 84″E 

 1220  15  4.8  3.5  600 

  5  22°42 ¢ 7.3″N; 
102°57 ¢ 6.1″E 

 774  10  5.1  3.7  500 

  6  23°18 ¢ 34″N; 1
02°39 ¢ 6″E 

 258  5  4.4  4.8  600 

  7  23°21 ¢ 54.4″N; 
102°25 ¢ 60.8″E 

 858  8  4.5  3.5  300 

  8  23°17 ¢ 46. 5″N; 
102°36 ¢ 43.3″E 

 482  15  4.2  4.5  500 

  9  23°0 ¢ 47″N; 
102°13 ¢ 14.3″E 

 1116  7  5.1  4.4  600 

 10  23°47 ¢ 22.8″N; 
103°16 ¢ 33.1″E 

 1092  20  5.0  4.5  1,000 

  Source: He et al.  (  2007  )   
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per tree older than 5 years. After studying the population of JCL in Sichuan, Xu 
et al.  (  2008  )  found that the seed yield of JCL in the wild was 750–2,250 kg ha −1 . In 
summary, the seed yield of JCL is 0.6–4.5 tons per hectare at the present levels of 
technology and management in China.  

 In each fruit, there are usually three seeds and occasionally, only two seeds. 
The weight of the seeds is about 55–65% of that of the fruit (Table  6.2 ). The JCL seeds 
are black and toxic. The dry JCL fruit is mainly composed of water (4.4–4.7%), pro-
tein (17.8–28.9%), fat (52.9–57.4%), and cellulose (3.7–4.3%) (Chen et al.  2006  ) . 

 The characteristics of JCL seeds from different regions of Yunnan are shown in 
Table  6.3 . According to the nine samples taken from different parts of Yunnan, the 
weight per 100 seeds is about 48.2–72.3 g, of which the kernel accounts for more 
than 60%. The oil rate ranges from 32.2 to 40.2% of seeds and 50.0–61.3% of ker-
nels. These oil yields were obtained using the mechanical extraction method, which 
is widely used in Yunnan. However, larger oil rate can be obtained from seeds by 
chemical extraction.   

   Development of JCL Biodiesel in China 

 China started the research and development of JCL biodiesel two decades ago. During 
the period of 1986–1990, the project of “Demonstration project on the development 
and application of wild plant oil as alternative fuel” was initiated in Sichuan province. 
This research was conducted in locations where JCL is found in the wild and consid-
ered factors such as cultivation technique, extraction of JCL oil and biodiesel fabrica-
tion. Since then, further researches have been done on the distribution, growth, seed 
yield, oil characteristics, provenance test, and techniques for JCL plantation in the 
three southwest provinces. In particular, some elite JCL varieties screened according 
to their sites of origin, adaptability, seed quality and seed oil content were used to 
establish mother plantations. Among the most important projects that were imple-
mented later on, one can note “the study and applied techniques of oilseed plants” by 
the Chinese Academy of Science and “the joint project of poverty alleviation through 
the development of green energy in minority ethnic areas” by the Chinese government 
and the UNDP. These investigations boosted knowledge accumulation on production 
techniques, germplasm collection, physiological analysis, biochemical characteriza-
tions and genetic diversity in JCL. 

 The establishment of JCL plantation on a massive scale started mainly in 
southwest China, including Yunnan, Sichuan and Guizhou provinces. Mountains 
are the major terrain in these provinces, especially in Yunnan where 94% of the 
land area is upland or mountains. The government’s strategy for JCL plantation 
has focused on barren lands, which is a speci fi c term used in Chinese agriculture 
and forest management, referring to lands that are not being used for obvious 
productive purposes, including some lands that are in fact used for grazing livestock. 
The provinces just quoted have large portion of land that can be used for JCL 
plantation, since much of the upland or mountains are barren land. The barren 
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land is mainly owned by the government or village collectivities enjoying the 
right to use the land contracted to individual households. Therefore, a signi fi cant 
portion of the land area planned for JCL plantation is likely to be collectively 
owned, but under contract of individual households. 

 In 2006, the Ministry of Finance, the National Development and Reform 
Commission, the Ministry of Agriculture, the State Taxation Administration and the 
State Forestry Administration jointly enacted the “Statute on supporting  fi nancial as 
well as tax policies for the development of bioenergy and biochemical engineering”. 
Since then, the three provinces have made plans for the establishment of 1.667 mil-
lion hectares of JCL plantations on waste or marginal lands within 10–15 years, 
including 0.667 million hectares in Yunnan, 0.6 million hectares in Sichuan, and 0.4 
million hectares in Guizhou. According to the State Forestry Administration, the 
total areas of JCL plantation in the three provinces was 0.15 million hectares, which 
accounts for more than 95% of China’s total JCL plantations by the end of 2008. 
During the same year, the national development and reform committee of China 
approved the participation of some small and giant companies, such as Sino-Pec 
and Petro China to pilot projects for the production of JCL biodiesel.  

   The Production Process of JCL Biodiesel 

 The JCL biodiesel production chain can be divided into four stages: (i) produc-
tion of JCL seeds through cultivation; (ii) extraction and processing of JCL oil; 
(iii) distribution and retailing of  fi nal products; and (iv) consumption of JCL 
biodiesel. Here we de fi ne  JCL biodiesel  either as the re fi ned JCL oil or the JCL 
methyl esters (JME), both blended with fossil diesel. Of course, in the case of 
JCL oil considered as an end product, no conversion or transesteri fi cation reac-
tion is required. 

   The Production of JCL Seeds 

 Despite many literatures on the establishment and management of JCL plantations, 
the basic process of JCL seed production can be summarized as shown in Fig.  6.1 .  

 JCL trees can be propagated by seedling, cutting and micro-propagation. Since 
the survival rate of cutting plantation is low and the cost of micro-propagation is 
much higher than that of seedling or cutting, JCL plantation is mainly established 
with seedlings. 

 Land preparation mainly comprises of terracing, digging holes (40 × 40 × 40 cm), 
applying green manures and soil erosion control. However, not all sites need every 
of the activities depending on their conditions. Irrigation is mainly applied in the 
 fi rst year after plantation is established. In the dry season, the plantation will be 
watered twice a week. Also, for some areas with a level of annual rainfall larger than 
2,500 mm, irrigation is not necessary. 
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 The physico-chemical conditions of the JCL plantation are commonly corrected 
with chemical fertilizers, green manures and JCL seed cakes. In the course of site 
preparation, green manure is put into the holes. Chemical fertilizers are applied 
after seedlings are transplanted for the  fi rst 3 years. Each 3 years, about 100 g of 
urea and 250 g of NPK are applied to each tree in the  fi rst part of the year, followed 
by top dressing with 100 g of urea for each tree. From the fourth year to the 30th 
year of plantation, JCL seed cake and green manure are used instead of chemical 
fertilizers. According to Openshaw  (  2000  ) , one kg of seed cake is equivalent to 
0.15 kg of NPK fertilizer (N:P:K = 4:2:1). 

 To control weeds and fungi, the application of herbicides and fungicides is necessary. 
The main herbicide used is glyphosate; it is applied using simple sprayer. In dry season, 
the control of weeds by manual cutting is also applied. JCL is a disease-tolerant plant 
and can be used to produce insecticides. The damage from pest attack is not signi fi cant 
in China. However, carbendazim should be applied to control diseases caused by fungi.  

   Extraction and Conversion of JCL Oil 

 Under this industrial activity, the JCL oil is extracted and converted into biodiesel. 
The JCL oil is mainly extracted using two methods: chemical method using solvent 
extraction with n-hexane and the mechanical method using an engine driven-expeller. 
Because of its simple technology, the latter is widely used (Fig.  6.2 ). The oil is then 
converted into biodiesel through transesteri fi cation by methyl esteri fi cation.  

  Fig. 6.1    The process of  JCL  seed production       

  Fig. 6.2    The process of oil extraction with mechanical expeller       

 

 



1056 Producing Jatropha Biodiesel in China: Policies, Performance and Challenges

 The ripe fruits are plucked from JCL trees, sun dried and then de-husked. To 
prepare seeds for mechanical extraction, they should be heated at sun for several 
hours or roasted for 10 min so as to reduce the oil viscosity. If chemical extraction 
is chosen, the shelling of seeds can increase the yield of oil. 

 The characteristics of JCL oil are shown in Table  6.4 . JCL oil is not suitable for 
direct use in engines because of its viscosity. The high viscosity of JCL oil may 
result in incomplete fuel combustion, formation of carbon deposits in engines and 
reduction of engine life span. Signi fi cant reduction in viscosity can be achieved by 
dilution of vegetable oil with diesel in varying proportions (Pramanik  2003  ) . Among 
blends, the blends containing up to 30% (v/v) JCL oil have viscosity values close to 
that of fossil diesel and up to 50% diesel can be substituted by JCL oil without any 
major operational dif fi culties of compression ignition (CI) engine. Forson et al. 
 (  2004  )  showed that the 97.4% diesel/2.6% JCL fuel blend produced the maximum 
values of brake power and brake-thermal ef fi ciency as well as the minimum values 
of speci fi c fuel consumption and, thus, JCL can be used as an ignition-accelerator 
additive for diesel fuel.  

 Many scholars have analyzed emissions by mixtures of JCL biodiesel and diesel. 
As compared with fossil diesel, the combustion of B10, a blend of 10% of JCL 
biodiesel and 90% of diesel, reduces the emissions of  nitrogen oxide  (NO 

x
 ),  hydro-

carbon  (HC),  carbon monoxide  (CO) and  particulate matter  (PM) by 5.3%, 9.1%, 
15.9%, and 8.9%, respectively, but the deposited carbon is slightly higher (Hu et al. 
 2010  ) . These results are consistent with those of Prasad et al.  (  2000  )  concerning the 
emission of NO 

x
 , but are in contradiction with those of Kumar et al.  (  2003  )  regard-

ing the emission of CO. The emission of  aldehydes ,  sulphur dioxide  (SO 
2
 ) and CO 

2
  

by fossil diesel has also been reported to decrease upon increasing contribution of 
JCL biodiesel to blends (Lou et al.  2010  ) . 

 Although signi fi cant reduction in viscosity can be achieved by dilution of JCL 
oil with diesel in varying proportions, the oil quality will be improved and there will 
be less long-term problems if JCL oil is converted into biodiesel. The process of oil 
conversion into biodiesel is as shown in Fig.  6.3 .  

 JCL biodiesel satis fi es the international standards of diesel fuel for CI engines 
(Table  6.5 ). Compared to diesel, JME have higher cetane number and  fl ash point, a 
similar calori fi c value and lower sulfur content. Therefore, JCL biodiesel has an 
overall performance close to that of diesel and thus can be used as a substitute for 
diesel (Chen et al.  2006  ) .     

   Environmental and Economic Performances of JCL Biodiesel 

 Only the mechanical method has been investigated here because it is far more widely 
used than the chemical method. Since JCL oil can be used in engines after it is 
blended with fossil diesel or converted into JME through transesteri fi cation reac-
tion, JCL biodiesel can be JME or a mixture of JCL oil and diesel. Here we analyze 
the environmental, economic and energy (3E) performance of JCL seed oil while 



106 Z. Wang

   Ta
bl

e 
6.

4  
  C

ha
ra

ct
er

is
tic

s 
of

 J
C

L
 o

il 
in

 C
hi

na
   

 C
al

or
i fi

 c 
va

lu
e 

(M
J/

kg
) 

 Fl
as

h 
po

in
t (

°C
) 

 C
et

an
e 

va
lu

e 
 C

lo
ud

 
po

in
t (

°C
) 

 Sp
ec

i fi
 c 

gr
av

ity
 

(g
/c

m
3)

 
 W

at
er

 
co

nt
en

t (
%

) 
 A

ci
d 

nu
m

be
r 

(m
g 

K
O

H
/g

) 
 Io

di
ne

 n
um

be
r 

(m
g 

io
di

ne
/g

) 
 Sa

po
ni

 fi c
at

io
n 

nu
m

be
r (

m
g/

g)
 

 39
.6

 ~
 4

1.
8 

 11
0 

~ 
24

0 
 51

.0
 

 2 
 0.

91
 ~

 0
.9

2 
 0.

24
 

 7.
62

–1
6.

82
 

 10
0.

85
 

 21
3.

14
 

  So
ur

ce
: C

he
n 

et
 a

l. 
 (  2

00
6  )

 , S
he

 e
t a

l. 
 (  2

00
5  )

 , L
iu

 e
t a

l. 
(2

00
7)

, Z
ha

ng
 e

t a
l. 

 (  2
00

1  )
   



1076 Producing Jatropha Biodiesel in China: Policies, Performance and Challenges

that of JME is available in Wang et al.  (  2011  ) . As mentioned earlier, the lifecycle of 
JCL biodiesel consists of four stages: JCL cultivation, oil extraction and re fi ning, 
biodiesel production, and use in engines. 

 The analysis includes the assessments of 3E performance associated with direct 
inputs and construction of facilities, such as manufacturing machines, housing, etc. as 
well as with manual labor, such as planting, pruning, fruit collection and drying, weed-
ing, etc. The calculations are based on one hectare of JCL plantation for 30 years. 

 Indices used to assess the 3E performance are  fi nancial net present value (NPV), 
CO 

2
  equivalent balance (CEB) and net energy ratio (NER). The NPV is the difference 

  Fig. 6.3    The process of JCL biodiesel production       

   Table 6.5    Physical and chemical properties of JCL biodiesel and diesel   

 Characteristics 
 JCL seed 
oil 

 JCL methyl 
ester 

 Standard 
method 

 German 
DIN51606 
standards  Diesel 

 Gravity, 20°C, 
g/cm 3  

 0.875  0.8784  SH/T0604  0.875 ~ 0.900 
(15°C) 

 0.84 ~ 0.85 

 Kinematic 
viscosity, 
mm 2 /S 

 33.49 
(40°C) 

 7.320 (20°C)  GB/T265  315 ~ 510 
(40°C) 

 112 ~ 315 
(40°C) 

 Calori fi c value, 
MJ/kg 

 37.55  40  GB/T384   ³ 32  42.6 ~ 45.0 

 Flash point, °C  124  >170  GB/T261   ³ 110  80 
 Cloud point, °C  −9  +1  GB/T3535  –  −14 
 Carbon residual 

(%) 
 –  <0.05  GB/T17 144   £ 0.05  – 

 H 
2
 SO 

4
  residual 

(%) 
 –  <0.005  GB/T2433  –  – 

 Sulfur content, 
(mg/l) 

 24.3  32 (0.0036%)  SH/T253 -92   £ 0.01  1.0 ~ 1.2 

 Cetane No.  51  56.1  –   ³ 49  47.8 

  Source: Chen et al.  (  2006  ) , Luo et al.  (  2011  )   
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between the present value of the  fl ow of revenues and the present value of the  fl ow 
of costs. The CEB is the difference between the total sequestrated CO 

2
 , reduced CO 

2
  

emissions and total emitted CO 
2
  equivalent. The NER is the ratio of total energy 

outputs to the total energy inputs. 
 The allocation of costs to co-products is based on their monetary values on the 

market. The credits for allocating environmental and energy burdens are based on 
displacement effects. Although parts of the JCL tree can be exploited for a number 
of uses, such as medicines, insecticides, fuel, fertilizer, etc., this study considered 
seed cake as a fertilizer and the parts involved in fuel stock as substitutes to coal. 

   Carbon Balance at Production Level 

 When JCL oil is directly blended with fossil diesel, its lifecycle carbon balance is 
shown in Table  6.6 . It shows that the production and use of JCL oil has a positive 
carbon balance (Wang and Lu 2011). The effect of carbon emission reduction by the 
diesel substitution with JCL oil tends to become more consistent when seed yield is 
increased. The major contributors to carbon balance are JCL biomass stock and JCL 
oil. The combustion of fruit husks can also reduce carbon emission when they are 
used to replace coal as a fuel.  

 The major GHG emissions come from the application of fertilizers together with the 
transportation of seeds and fertilizers. The JCL plantation will be fertilized with chemi-
cal fertilizers, green manure and JCL seed cakes. In the course of site preparation, 
green manure is put into the holes. Chemical fertilizers are applied after seedlings are 
transplanted throughout the  fi rst three years. In each of the three years, about 100 g of 
urea and 250 g of NPK will be applied to each tree in the  fi rst part of the year, followed 
by top dressing with 100 g of urea for each tree. From the fourth year to thirtieth year 
of plantation, JCL seed cake and green manure will be used instead of chemical fertil-
izers. According to Openshaw  (  2000  ) , one kg of seed cake is equivalent to 0.15 kg of 
NPK fertilizer (N:P:K = 4:2:1). Although much direct energy is used in the oil extrac-
tion stage, the GHG emission associated to this processing step is relatively small.  

   Economic Performance of JLC Oil Production 

   The Cost of Seed Production 

 The production of JCL seeds starts from seedling cultivation to seeds delivered to 
oil extraction plants, involving activities including transplanting, site preparation, 
tending, seed collection, etc. To estimate the revenue of seeds, we used the present 
price of JCL seed that is 2 yuan/kg. 

 Taking a seed yield of 1,485 kg/ha (around 500 pieces of fruits per tree) as an exam-
ple, the total cost at the seed production stage is 73,609 yuan/ha and its components are 
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as shown in Table  6.7 . Obviously, the main costs are associated with fruit drying and 
husk removal, fruit collection, fertilization, fungicide treatments and weeding.  

 The seed yield of JCL varies with the local conditions. The FNPV of seed production 
(FNPV 

s
 ) and the breakeven price of seeds would be different as seed yield changes. 

Assuming that the JCL tree has an annual yield of 100, 300, 500, 700, 900, 1,100, 1,300 
or 1,500 fruits per tree, which are corresponding to an annual seed yield of 297, 891, 
1485, 2,079, 2,673, 3,267, 3,861 or 4,455 kg/ha, respectively, the relationship between 
the FNPV 

s
  and yield is as shown in Fig.  6.4 . It reveals that the FNPV 

s
  tends to increase 

as the seed yield is increased. When the price of seeds is 2 yuan/kg, the FNPV 
s
  will be 

positive only if the seed yield is higher than 3 tons/ha. Obviously, the yield of seeds is 
one of the important determinants of the  fi nancial feasibility of biodiesel production.   

   Table 6.6    The life cycle CO 
2
  equivalent of JCL oil for a period of 30 years   

 Annual seed 
yields, (kg/ha)  297  891  1485  2079  2673  3267  3861 

 Emission from 
applied 
fertilizers (kg/
ha) 

 –  –  –  6719.65  –  –  – 

 Emission from 
the transporta-
tion of seeds 
and fertilizers 
(kg/ha) 

 235.76  604.01  972.25  1340.49  1708.73  2076.98  2445.22 

 Sequestration by 
JCL plantation 
(ton/ha) 

 12.39   37.16   61.93   86.70   111.48   136.25   161.02 

 Reduction by coal 
substitution 
with JCL fruit 
husks (kg/ha) 

 64.39  193.18  321.97   450.75   579.54   708.33   837.11 

 Emission from oil 
extraction and 
re fi ning (kg/ha) 

 34.45  103.36  172.27   241.18   310.09   379.00   447.91 

 Reduction by 
substituting 
fertilizers with 
seed cake 
(ton/ha) 

 1.23   3.69   6.16    8.62   11.08   13.55   16.01 

 Emission from 
 distribution  
kg/ha 

 2.86   8.58   14.3   20.02   25.73   31.45   37.17 

 Reduction by 
substituting 
diesel with JCL 
oil (ton/ha) 

 7.42   22.26   37.11   51.95   66.79   81.64   96.48 

 Life cycle CO 
2
  eq. 

balance (ton/ha) 
  14.11   55.88   97.64   139.41   181.17   222.94   264.70 

  Source: Wang and Lu (2011)  
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   Cost of Mechanical Extraction of JCL Oil 

 When a mechanical extraction method is used, the stage of oil extraction starts from 
the heating of seeds to the re fi ned JCL oil. When the yield of seeds is 1,485 kg/ha, 
the total cost of the processing of JCL seeds is 2,321.91 yuan/ton and its compo-
nents are shown in Table  6.8 . It shows that the major cost is from seed purchase 
(seed price is 2 yuan/kg), which accounts for 86.13% of the total cost while the sum 
of all other costs accounts for about 14.87% only.  

   Table 6.7    The cost components of JCL seed production   

 Cost component  Description  Percentage 

  1. Seedling cultivation  Given land renting, seed production, seed 
treatment, nursery treatment, fertilization and 
tending, the cost of each seedling is 0.11 
Yuan. At an assumed survival rate of 85%, 
1950 seedlings are needed for each hectare of 
land 

  0.59 

  2. Land renting  750 Yuan/ha for a period of 30 years   2.06 
  3. Site preparation & 

transplanting 
 Contracted to reforestation company at the cost 

of 1,800 Yuan/ha 
  4.95 

  4. Fertilization  Including fertilizer and associated labor cost for 
a period of the  fi rst 3 years. Fermented seed 
cake is used as fertilizer instead of chemical 
fertilizers in the fourth year and forwards 

  18.74 

  5. Weeding  Including: a manual weeding and one herbicide 
treatment each year during the  fi rst 5 years 

  6.87 

  6. Spraying fungicide  Including: annual application, labor and 
fungicide/pesticide costs 

  11.05 

  7. Pruning  Twice a year. Costs of labor and instruments   1.84 
  8. Fruit collection  By hand: labor cost only   20.48 
  9. Drying and husk removal  By hand: labor cost only   30.72 
 10. Transportation Cost  Including seeds and fertilizer transportation 

costs: C = 200 Yuan + 1.5 Yuan/km*mileage 
for a 5 tonnage truck 

  2.69 

 Total  Including costs incurred from seedling cultiva-
tion to seed transportation until the oil plant 

 100 

  Fig. 6.4    The relationship between seeds yield and the FNPV 
s
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 As shown in Table  6.3 , the crude oil content ranges from 32.2% to 40.2% in 
seeds when oil is extracted using an engine driven-expeller. According to 
researchers’ recent survey at an oil extraction plant of Er-Kang Science and 
Technology Co. Ltd. in Yunnan province, the yield of re fi ned oil is a little lower 
at ~30.4%. Based on the speci fi c gravity of JCL oil and total costs (Table  6.8 ), 
the cost of producing 1 liter JCL oil is calculated to be 6.99 yuan/liter when the 
seed price is 2 yuan/kg.  

   Financial Analysis of JCL Oil Final Product 

 When both the stages of seed production and oil extraction are considered together or 
produced by a single producer and JCL oil is used as an end-product, the  fi nancial 
feasibility associated with different seed yields is shown in Table  6.9 . Since most oil 
plants are not far away from refueling station and the shared transportation cost for 
each unit of JCL oil is negligible, the cost associated with oil distribution is neglected.  

 Table  6.9  shows that the major cost is incurred at the seed production stage and the 
 fi nancial net present value tends to decrease as the seed yield increases. The reason is 
that the cost increases with the JCL oil production when the cost is higher than the 
revenue of producing an extra unit of oil. In short, the more JCL oil is produced, the 
more the producer will lose. As expected, both the total cost and revenue increase with 
seed yield. However, the breakeven price of JCL oil decreases as the seed yield of JCL 
plantation increases. Moreover, when seed yield increases, the percentage of the costs 
associated with seed production tends to decrease even if the total cost increases.  

   Table 6.8    Components of the mechanical extraction and re fi ning costs per ton of JCL seeds   

 Cost components  Description  Percentage (%) 
 1. Cost of machinery for 

each ton of JCL seeds 
 Calculated with the straight-line average 

service life method with a salvage value 
of 5% (Jin et al.  2009  ) . The machinery 
includes mechanical expeller and the 
equipment for oil re fi ning 

  2.06 

 2. Coal  0.1 ton × 450 Yuan/ton   1.94 
 3. Electricity  17.5 kilowatt × 1 Yuan/kilowatt   0.70 
 4. Labor  3 workers, 50 Yuan/(worker × day)   6.01 
 5. Workshop renting  20,000 Yuan/Year, 240 working days/year   2.43 
 6. Seed cost  Seed price is 2 Yuan/kg   86.13 
 7. NaOH for deacidi fi cation  The present local price of NaOH is 3,700 

Yuan per ton. The acidic value of crude 
oil is about 12.35 mg KOH/g 

  0.47 

 8. Transportation of oil  The distance between the plant and oil 
distribution is assumed to be 10 km, on 
average. The cost is 100 Yuan for a 
distance of 10 ~ 30 km 

  0.26 

 Total  100 
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   Subsidies Required for JCL Oil Production 

 Subsidies are required for both JCL seed producer and oil processors if a given level 
of biodiesel production is targeted. At the stage of seed production, subsidies can be 
provided on the basis of seed weight or the area of JCL plantation. Assuming that 
both the seed producers and processors will receive a margin of 10%, the two kinds 
of subsidy rates are shown in Table  6.10 . It shows that subsidies are required if the 
seed yield is lower than 3 tons/ha and the amount to be paid tends to decrease as the 
seed yield increases. Obviously, the current rate of subsidy, 3,000 yuan/ha of biofuel 
feedstock is suf fi cient to stimulate the production of JCL seeds by companies at a 
wide range of geo-climatic conditions.  

 At the stage of oil extraction, subsidies can be provided based on the volume of 
JCL oil. As previously calculated, the break-even prices of oil extracted with mechan-
ical methods is 6.99 yuan/l, respectively. Based on the present local price of diesel, 
5.89 yuan/l, the subsidy is found to be 1.88 yuan/l, when a margin of 10% is assumed. 
Obviously, the increase of diesel price might provide incentive for investors to pro-
duce JCL oil. For better environment and energy security, it is desirable for govern-
ment to provide producers subsidy as long as there is an economic justi fi cation. 

 When the whole production chain is considered, subsidy is required even if the 
seed yield is as high as 3.86 tons per ha. A single producer who produces both JCL 
seeds and oil will lose even if it receives subsidy for seed production. That is, sub-
sidy is also required for oil extraction and re fi ning. However, there is no speci fi c 
incentive policy for oil extraction and re fi ning in China yet, which is probably the 
reason why the JCL biodiesel industry grows only very slowly and few JCL oil 
processing plants are established.   

   Energy Ef fi ciency of Production and Use of JCL Oil 

 According to the average calori fi c values and speci fi c gravities of diesel and JCL 
oil, it was calculated that 1 liter of diesel has a calori fi c value equivalent to 0.994 
liters of JCL oil. Thus, we consider in the following that, in terms of energy content, 

   Table 6.9    Financial analysis of JCL oil  fi nal product   

 Annual seed yield, kg/ha  297  891  1485  2079  2673  3267  3861 
 Total cost, 10 4  Yuan/ha   2.16   3.14   4.11   5.08   6.06   7.03   8.01 
 Cost of seed production (%)  95.58  90.87  88.38  86.85  85.82  85.06  84.50 
 Cost of oil extraction (%)   4.42   9.13  11.62  13.15  14.18  14.94  15.50 
 Total revenue, 10 4 Yuan/ha   0.55   1.64   2.73   3.82   4.92   6.01   7.10 
 FNPV, 10 4 Yuan/ha  −1.62  −1.50  −1.38  −1.26  −1.14  −1.03  −0.91 
 Output of JCL oil, 10 4  l/ha   0.28   0.80   1.33   1.86   2.40   2.93   3.46 
 Breakeven price of JCL 

oil, Yuan/l 
 23.32  11.28   8.87   7.83   7.26   6.90   6.64 
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1 liter of JCL oil is equivalent to 1 liter of diesel. The energy ef fi ciency is an impor-
tant indicator to evaluate the eco-performance of a renewable energy resource. 
It was assessed with the following indicators:

     

biodiesel
1

energy-input

HV
EE

HV
=

   (1)

 

biodiesel co-products

2
energy-input

HV HV
EE

HV
=

+

 (2)

 

biodiesel
3

direct energy-input

HV
EE

HV
=

 (3)

where EE 
1
  is the ratio of the  heat value  (HV) of biodiesel per unit to the energy used 

to produce that unit of biodiesel; HV 
biodiesel  

is the heat value of biodiesel; HV 
energy-input

  
is the heat value of the energy necessary to produce one unit of biodiesel; EE 

2
  is the 

ratio of the heat value of biodiesel and co-products and that of the input energy; EE 
3  
  

is the ratio of the heat value of biodiesel and that of direct energy inputs. 
 The major energy use for the production of JCL biodiesel is from the application 

of herbicides, insecticides, chemical fertilizers as well as the extraction and re fi ning 
of oil, which are common for the end products of Jatropha oil and JME. 

 The energy attributed to chemicals is mainly an indirect energy input, i.e., the 
energy inputs for the production of these chemicals. For example, the energy used 
for the production of glyphosate and carbendazim are 454 MJ/kg and 397 MJ/kg 
(Tzilivakis et al.  2005  ) , respectively. Because of a low level of mechanization, the 
energy inputs in JCL management is 2.28 MJ/h (Kallivroussis 2002); it is mainly 
due to fruit collection and drying, husk removal, planting and tending. The direct 
energy input is mainly used in the extraction and re fi ning of JCL oil, as well as for 
the transportation of seeds, fertilizers and end products. When JME is the end prod-
uct, additional energy inputs are required for the oil transesteri fi cation. 

 The energy consumption for buildings (of fi ce and workshops) as well as the machin-
eries for oil extraction and further processing was estimated according to the energy 
coef fi cients in Yáñez Angarita et al.  (  2009  ) . The energy content of the produced biod-
iesel was estimated according to the thermal performance and emission of JCL oil 

   Table 6.10    Subsidies required for the production of JCL oil   

 Annual seed yield, (kg/ha)  297  891  1485  2079  2673  3267  3861 
 Required 
subsidy 

 For seeds production 
(yuan/kg) 

  5.4  1.4  0.6  0.3  0.1  0  0 

 For oil extraction and 
re fi ning (yuan l −1 ) 

  1.88  1.88  1.88  1.88  1.88  1.88  1.88 

 For the whole produc-
tion chain (yuan l −1 ) 

 19.76  6.52  3.87  2.72  2.10  1.70  1.41 
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given in Agarwal and Agarwal  (  2007  ) . Limited by data, the energy consumption of 
machinery is only composed of the portions in the production of cast steel, structural 
steel and stainless steel used in the machinery sets while those in the processes of fab-
rication were not included. 

 When re fi ned JCL oil was the end product, its energy inputs were counted starting 
from its processing site to its distribution site. For example, when the seed yield is 
1,485 kg/hm 2  and oil is extracted with a mechanical method, the composition of energy 
input is shown in Fig.  6.5 . The major energy input is for oil extraction and re fi ning, 
fungicide or pesticide application and fertilization. The energy output includes the 
chemical energy in the JCL oil, which is 37.83 ~ 39.20 MJ/l (Augustus 2002; Sahoo 
2009; Baitiang et al .   2008  )  and the biomass energy in twigs, woods and leaves.  

 The energy ef fi ciencies for different levels of seed yield are shown in Table  6.11 . 
The results show that both E 

2
  and E 

3
  are greater than one, which means that JCL is 

energy-ef fi cient for these parameters, but E 
1
  depends on seed yield and the method 

used for oil extraction. When mechanical extraction method is applied, E 
1
  will only be 

greater than one when the seed yield is greater than 1,200 kg/ha. Because of higher 
energy consumption for chemical extraction, the energy ef fi ciency will not be greater 
than one even if the level of seed yield is as high as 3,861 kg/ha (data not shown).  

 Therefore, since E 
2
  is greater than one for all levels of seed yields, it is concluded 

that the production and use of JCL oil will be energy-ef fi cient if all energy outputs 
including twigs, woods and leaves are fully used. If only the direct energy input is 
considered the energy ef fi ciency is higher, as shown by EE 

3
 . 

  Fig. 6.5    The composition of the lifecycle energy input of JCL oil       

   Table 6.11    The energy ef fi ciency of production of JCL oil   

 Annual seed 
yield (kg/ha)  297  891  1485  2079  2673  3267  3861 

 EE 
1
   0.44  1.09  1.57  1.92  2.20  2.42  2.60 

 EE 
2
   1.86  4.66  6.68  8.19  9.37  10.32  11.09 

 EE 
3
   10.65  11.12  11.22  11.26  11.29  11.30  11.31 
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 The production of either JCL oil or JME is not  fi nancially sustainable as it can be 
concluded from the comparison of JME lifecycle and 3E performances (Wang et al. 
 2011  ) . Transesteri fi cation reaction incurs additional costs. However, as a co-product 
of JME, glycerin shares 8.1% of the total costs. As a result, the FNPV of JME is only 
slightly higher than that of JCL oil. Similarly to the case where JCL oil is used as an 
end product, the lifecycle carbon balance of JME is also positive. Intuitively, more 
GHG will be emitted for the production of JME because more inputs are needed. 
However, as a coproduct of JME, glycerol adds a credit to the lifecycle carbon balance 
of JME, and consequently the lifecycle carbon balance of JME is higher than that of 
JCL oil. For both Jatropha oil and JME, the E1, E2 and E3 are greater than one. 
However, because an additional process of transesteri fi caiton reaction is required, the 
energy ef fi ciency of JME is slightly lower than that of JCL oil.   

   Challenges and Suggestions 

 The promotion of JCL biodiesel is directly driven by the scarcity of oil and by the 
social pressure for the reduction of GHG emission. The development of rural areas 
and the rehabilitation of degraded ecological system are other indirect drivers. The 
Chinese policy framework has provided a good opportunity for the production of 
JCL biodiesel. However, despite this opportunity, the production of JCL biodiesel 
is still facing many challenges, which are to be dealt with before JCL biodiesel is 
produced on a massive scale. 

   Challenges 

 Biodiesel is theoretically an environment-friendly alternative to fossil fuel and has 
huge potential to mitigate the future energy needs of the country and to impart eco-
nomic prosperity in the poor and backward areas of the country. However, the pro-
duction of biodiesel is still an emerging industry. The commercialization of JCL 
biodiesel in China is fairly recent since commercial seedling production began in 
2005. Although China has set an ambitious target at establishing biodiesel bases and 
achieving energy independence, there is still lack of suf fi cient scienti fi c and techno-
logical information for the production of JCL biodiesel. For example, what is the 
optimal combination of inputs so as to minimize the production cost and how can 
the JCL seed yield be improved? Although the research on JCL cultivation in China 
can date back to 1970s with much effort carried out with germplasm development 
and tissue culture, little attention has been given to the technology for the industrial 
production of its biodiesel, especially concerning the valorization of its by-products. 
Before rapidly scaling up JCL plantation acreage, more scienti fi c and technological 
studies are required so as to avoid unnecessary costs and to lay a foundation for the 
growth of biodiesel industry responding to society needs. 
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 The ecological impacts of the production system of JCL biodiesel also deserve 
concern. Being an exotic species in most growing areas, the impact on biodiversity 
due to a change of land use towards JCL large scale cultivation is expected to be 
negative. Impact on biodiversity will be especially negative if natural systems, such 
as forests, are to be cleared. Heavy machinery and high fertilizer application are also 
the drivers towards a negative impact. However, JCL can generate environmental 
bene fi ts too. Besides its potential contribution to the reduction of GHG emission, 
JCL plantations may generate economic value by facilitating the ecological restora-
tion of barren lands. Although no literature on the impacts of a change in land use 
due to JCL plantation is available so far, JCL is strongly believed to be able to control 
and prevent soil erosion and it has ever been practically used for erosion control in 
southwest China. Because the production of JCL biodiesel is at present not  fi nancially 
sustainable, the study of ecological impacts as an economic input associated with 
biodiesel production can also provide more information on the economic justi fi cation 
of JCL. To design polices effective for the promotion of JCL biodiesel requires infor-
mation from both systematic and site-speci fi c studies. 

 In China, the development of biodiesel industry is still in its infancy. While much 
effort has been taken towards the establishment of JCL plantations, the mechanism 
for its industrialization only received very few concerns. There is a lack of institu-
tional management to coordinate seed producers, oil processors, oil distributors, and 
supporting agencies. For example, farmers are only involved in providing labors and 
renting land to companies involved in seed production and are not voluntary for JCL 
planting and exploration because the production of JCL seeds is not cost effective. 
Companies are motivated to establish JCL plantation because of government’s sub-
sidies. While subsidies are provided in terms of area of JCL plantation rather than 
seed yield, the incentive function of subsidy cannot be guaranteed and the distribu-
tion of subsidy among producers should be clari fi ed according to the differences of 
production stages. Moreover, there is also a lack of national recommendations for 
standards of biodiesel quality. 

 The basic structure of many current institutions re fl ects views of land, natural 
resources and people, which are fundamentally different from those proposed 
under ecosystem management with its themes of holism, dynamism, complexity 
and uncertainty (Kessler  1994  ) . The difference is partly a result of the complex-
ity of the subject. It is also because we have failed to recognize the linkages 
between the ways people relate to nature and the character of our institutions. 
The biodiesel production system is a social ecological system with human pro-
duction activities interacting with the ecosystem, but the exact requirements for 
institutional change are unclear. In order to manage the social-ecological system 
of JCL biodiesel in a sustainable way, a better understanding of the relationships 
between institutions and the production system is required. 

 The biggest challenge for the industrialization of JCL biodiesel is the lack of 
suf fi cient land for JCL plantation so as to meet the policy target for biodiesel pro-
duction. For example, the consumption of diesel in Yunnan province was 5.56 
million tons in 2010. Assuming the constant diesel consumption in future, about 
0.83 million tons of biodiesel is required in order to meet the B15 target. However, 
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the land areas suitable for JCL plantation is estimated to be 0.675 million hectares 
(Liu et al.  2010  ) . According to the current yield of JCL seeds, the maximum annual 
output of biodiesel would be 0.62 million tons if all suitable lands are used. 
Obviously, the potential biodiesel production will not allow the meeting of the 
policy target. Moreover, as compared to other provinces in China, Yunnan has the 
largest land areas suitable for JCL plantation and its consumption of diesel is rela-
tively small. That is, the potential of B15 in other provinces is lower than that in 
Yunnan province. Therefore, the promotion of biodiesel alone cannot achieve the 
policy target and other alternatives should also be developed. 

 Governments across the world have approved legislative instruments to foster 
the biofuel industry according to one or several different targets, such as oil 
dependency reduction (e.g., EU, USA, China), setting up domestic market (e.g., 
Brazil), reducing carbon emission (e.g., EU, USA) or/and contributing to rural 
development (e.g., China, India). External incentives are applied to achieve the 
biofuel targets set by national administrations. Biofuels are being developed in a 
very complex, dynamic and diverse context. In assessing performance of biofuel 
policies, there is a need for sustainable development framework using criteria 
based on the potential social, economic and environmental impacts (Amiguna 
et al.  2011  ) . However, many policies are being recommended and developed by 
focusing on a single or a few speci fi ed targets while the sustainability of the pro-
duction system is not well addressed. For example, there is no incentive policy for 
oil extraction and re fi ning yet. Moreover, biofuel policies have distributional 
implications for consumers and producers, farm and nonfarm sectors, global trade 
in food and biofuels, and the price of land and other scarce resources (Khanna 
et al.  2010  ) . As a type of biofuel, JCL biodiesel is facing the same policy prob-
lems in its development course.  

   Suggestion 

 To invest in JCL biodiesel requires an economic justi fi cation in a framework of social 
bene fi t cost analysis. As the biodiesel production is not  fi nancially sustainable yet, 
synergic services other than biodiesel production should be investigated for JLC with 
the purpose to increase its attractiveness. Such synergic services are related to the 
concept of  natural capital , which consists of both non-renewable resources (e.g., min-
erals and soil reserves) and renewable resources (e.g., plants, animals and water). The 
natural capital supports the production of goods and services on which society depends 
(Chapin et al.  2009  ) . Natural capital and its derived goods and services are the precon-
ditions or the basis for the economic development. Actually, it is impossible for 
humans to create human-made capital without the support from natural capital (Daly 
 1990  ) . The sustainable production of biodiesel can thus be considered as an invest-
ment in natural capital. Gains in natural capital can be made when biofuel develop-
ment is integrated with ecological restoration because the costs for ecological 
restoration can be reduced and the ecological service increased. Ecological restoration 
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using JCL can lead to an increase in natural capital in terms of soil improvements and 
water conservation; biodiesel-driven restoration of degraded ecosystems can also 
increase terrestrial carbon sequestration (Zhuang et al.  2010  ) . 

 The environmental and energy lifecycle performance of JCL biodiesel can be 
improved by (i) increasing the oil extraction ef fi ciency; (ii) selective breeding for 
high yielding varieties concerning seed quantity and weight as well as oil quality 
and quantity; (iii) creating speci fi c machinery for de-husking and fruit collection in 
order to reduce the cost of seed production; (iv) value addition from co-products of 
biodiesel production. For example, the leaves can be used to feed silkworm, the 
pruned twigs can be used as a source of medicinal compounds and the raw material 
for pesticide production; (v) optimization of ecosystem management and green 
manure that would reduce the energy consumption associated to pesticides, herbi-
cides, fertilizers, oil extraction and re fi ning; (vi) by applying low energy input her-
bicides, such as atrazine and cyanazine or by manual weeding and by using fruit 
husks as an alternative to coal (Wang et al.  2011  ) . 

 Social parameters of JCL biodiesel development including the psychological fac-
tors (cognitive and cultural) that shape farmer’s values and beliefs must be integrated 
to policy strategy (English  2008  ) , since the understanding of biodiesel economics is 
important, but not suf fi cient. Integrated package of policy measures also needs to 
enforce and implement the concepts of sustainable development and natural capital. 
According to such recommendations, a set of sustainability index and indicators 
should be designed to guide policy makers and production managers. From the mix 
of policy tools available to support the promotion of the JCL biodiesel industry, it is 
necessary to identify the most effective and sustainable ones. Alternatively, new tools 
should be created if those currently available are insuf fi cient. 

 Before agreements on institutional arrangement for JCL biodiesel production 
can be set, additional institutional analyses of JCL production system are needed 
concerning (i) the extent to which existing laws, policies, and regulations may con-
strain or promote the development and implementation of JCL production policies, 
programs, and practices; (ii) the design of institutional mechanisms for a national 
approach of the economical-ecological management of biodiesel production; (iii) 
the adoption of an economical-ecological management approach as a management 
philosophy eventually requiring internal organizational changes and new arrange-
ments among resource management agencies; and (iv) the development of method-
ological approaches for the investigation of institutional questions concerning the 
objective related to the sustainable management of JCL biodiesel production. The 
answer to these institutional questions will play an important role in achieving the 
sustainable production of JCL biodiesel. For example, an institutional decision sup-
porting the integration of JCL biodiesel production with the domestic and/or inter-
national carbon market may provide producers with extra revenue from selling 
carbon credits.       
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