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Background 

• Increase of energy consumption together 

with the shortage of fossil fuel reserves 
 

• Pollution from carbon dioxide 
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So…  
 
   Researches on using biomass as a 

source of energy, such as bioethanol 

production, becomes imperative for 

sustainable development  and environ- 

mental conservation 
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Background 

Cultivation of dedicated energy crops dose 

 meet with some criticisms:  
 

•  Conflict with food security  
 

•  Environmental degradation 
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Sugarcane and cassava are regarded as the potential energy crops for 

bioethanol production: high energy efficiency and low production cost. 

Sugarcane Cassava 
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Objective 
 
  To present production structures of 

sugarcane and cassava in Yunnan and 

compares the sustainable production 

between the usages of these two crops 

as bioethanol feedstock.   
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Outline 

Ⅰ. Methodology and data collection  

 

Ⅱ. Estimation of results 

 

Ⅲ. Conclusion and discussion 
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Part Ⅰ 

 METHODOLOGY AND DATA 

COLLECTION 
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Data Collection 

 Longchuan County, southwest  

of yunnan, 779 kilometers to Kunming, 

the capital city of Yunnan Province. 

Honghe County, south of yunnan, 329 

kilometers to Kunming 

 

 South sub-tropical monsoon  climate 

 

 Survey was conducted in June and 

September, 2008. Selected three 

villages in total 61 sugarcane farmers in 

Longchuan and  one village in total 50 

cassava farmers in Honghe for farm 

level survey. Tow sugar mills to 

interview. 

 

Longchuan 
Honghe 
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Methodology 

Evaluation of  sustainability 

Regression analysis 

Descriptive analysis 

Average production function 

 

Frontier production function 

Sugarcane/ Cassava 

production 

   Sugarcane/ Cassava  production  
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Regression Model 

• Production function 

 

      Y = f(L, K, C, A)                    (1) 

 

      Y/A = f(L/A, K/A, C/A)        (1-1) 

 

  Where Y/A=output per area and X/A’s=various  
inputs per area 
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Regression Model 

• Stochastic frontier production function 

   (SFPF) (Battese and Coelli (1977)) 

 

 

 

 

 
 

 

•  Technical efficiency level of the i-th farm : 
 

       TEi = exp(-Ui)                                         (4)                                                                           
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 Evaluation of Sustainability 
 

1 Conversion rate to ethanol

2 Water requirement

3 Fertilizer pollution

Socio-economical

4 Employment

5 Competition with food production

Table 1 The sustainability criteria included in this study

Ecological 

Energy crop production requires use fertilizer as few as possible as for

as reasonable yield is achievable.

Energy crop production contributes to direct employment as much as

possible.

The production of energy crop is not allowed to endanger food supply.

Area(s) of concern Criterion

More bioethanol production from few energy crop input.

Depletion of fresh water resources is not allowed. 
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Part ϳ  

 ESTIMATION RESULTS 
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 Descriptive Analysis of Sample 

 Households  

Table 2 Summary statistics of the variables for crop production and farmer's characteristics
a)

variables mean St.Dev Min Max mean St.Dev Min Max

Land area (ha) 1.04 1.91 0.10 14.67 0.29 0.16 0.13 0.80

Inputs per hectare

Yield (ton/ha) 95.8 18.2 63.2 138.0 29.3 5.2 12 45

Capital (000 yuan/ha) 0.7 0.6 0.0 1.8 N/a N/a N/a N/a

Fertilizer (kg/ha) 867 176 525 1368 199 79 0 405

Labor (personday/ha) 258 47 174 342 356 69 144 525

Land tenancy: Owner (%) 78.6 30.6 0 100 62.7 36.7 0 100

      : Fixed rent   (%) 21.4 30.6 0 100 37.3 36.7 0 100

Other characteristics

Age (yrs) 39 10 22 61 40 9 25 61

Education (yrs) 6 4 0 15 5 3 0 9

Farming exper. (yrs) 23 11 7 53 2 0 2 2

Traning program: Attend (%) 14.8 35.8 0 1 100 0 1 1

Sample size

Sugarcaen Cassava

61 50
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Estimation Results of Production 

Function (CONT…) 

Coef. p-value Coef. p-value

Inputs (log)

Fertilizer ̜ 0.24 0.00  0.21  0.00 

Capital 
 b) ̝ 0.00 0.12 N/a N/a

Labor ̞ 0.75 0.00  0.56  0.00 

Dummies

Village  
c) 0.01 0.72 N/a N/a

Village  
c) -0.05 0.06 N/a N/a

Tenant -0.02 0.38  0.00  0.98 

Constant -1.22 0.00 - 1.07  0.02 

Model fitting

R-squared

Mean VIF

Cassava

0.93  0.81 

Sample size 50  45 

Table 3.  Estimation  results of average production functions
a)

2.02  1.64 

Sugarcane 

Variables

http://www.51ppt.com.cn/
http://www.51ppt.com.cn/
http://www.51ppt.com.cn/


Estimation Results of Production 

Function 

Coef. p-value Coef. p-value

Inputs (log)

Fertilizer  0.26  0.00  0.15  0.00 

Capital b)  0.00  0.26 N/a N/a

Labor  0.73  0.00  0.71  0.00 

Dummies

Village c)  0.02  0.41 N/a N/a

Village c) - 0.05  0.03 N/a N/a

Tenant - 0.01  0.51 - 0.01  0.00 

Constant - 1.20  0.00 - 1.50  0.00 

ln(̮
2

v) - 6.99  0.00 - 38.82  0.92 

ln(̮
2

u) - 5.38  0.00 - 4.45  0.00 

̞(=̮
2

u/(̮
2

v+̮
2

u))  0.83  0.00  0.90  0.00 

Pseudo LL

AIC

Mean TE

Sample size

- 140.26 - 122.82 

 0.95  0.93 

 50  45 

Table 4.  Estimation results of stochastic frontier production functions

Sugarcane Cassava

Variables

 79.13  67.41 
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Conclusion of production efficiency 

• Both sugarcane and cassava production 
performance are determined by factors of labor and 
fertilizer inputs. 

 

• For sugarcane production, explanation power of the 
average production regression is high and the 
frontier production function is not statistically different 
from the average one. 

 

• For cassava production, the average production 
function was located 7% below the frontier 
production function. 
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 Evaluation of Sustainability (CONT…) 

 Conversion rate to ethanol: More bioethanol 

 production from few energy crop inputs. 

 

Crops Yield Bioethonal yield

ton/ha ton/ha

95.8 0.05 4.8

100.8 0.05 5.0

29.3 0.17 5.0

31.7 0.17 5.4

Average production

Frontier production

Table 5 Comparison of bioethanol production from suagrcane and cassava

Converstion rate

to ethonal

Sugarcane

Average production

Frontier production

Cassava
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Evaluation of Sustainability (CONT…) 

Water requirement: Depletion of fresh water 

 resources is not allowed. 

 
Table 6 Yearly average of evapotranspiration (ET) of sugarcane and cassava and the

total rainfall of Yunnan Province

Evapotranspiration cassava

Evapotranspiration sugarcane

Total rainfall in Yunnan 
a)

mm y
-1

985.5

1119

1165

There was a risk of 

groundwater depletion 

from sugarcane 

production.  

Source: Yunnan Agricultural Information Center  
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Evaluation of Sustainability (CONT…) 

 Pollution from fertilizer: Energy crop production 
requires use fertilizer as few as possible as for 
as reasonable yield is achievable. 

 

Item Fertilizer

kg/ton

181

40Cassava farming

Table 7 Comsumption per ton ethanol, average direct fertilizer

inputs in sugarcane and cassava ethanol system

Sugarcane farming
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Evaluation of Sustainability (CONT…) 

 Competition with food production: The production of 
energy crop is not allowed to endanger food supply. 

 

-0.70 **

Rice planted area -0.40

** 
 Significant at the 1% level (2-tailed)

Rice planted area

Sugarcane planted area

Cassava planted area

Correlations

Source: Yunnan Agricultural Information Center 
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Evaluation of Sustainability 

 Employment: Energy crop production contributes 
to direct employment as much as possible 

 

 

Item Lourbour used for farming

Persondays/ton

54

72Cassava farming

Table 7 Comsumption per ton ethanol, average direct labor

inputs in sugarcane and cassava ethanol system

Sugarcane farming
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Conclusion of production sustainability 

• Competition with food production and water 

requirement are potential bottlenecks for a 

sustainable sugarcane-based ethanol production. 

 

•  The yield of bioethanol was found to be higher 

from cassava than sugarcane. 

 

• Cassava-based ethanol production requires less 

fertilizer and provides more employment 

opportunities than sugarcane. 
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Part ϴ 

DISCUSSION AND 

CONCLUSION 
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Sugarcane production 

Labor & Fertilizer 

ME=0.95 

Increase fertilizer use or 

Expand  planted area 

Pay more attention on the 

environment  problems! 

Cassava    production 

Labor & Fertilizer 

ME=0.93 

Tenancy as a source to 

explain inefficiency 

Pay more attention on improving farming 

techniques and ensuring safeguards on land 

rights! 

Conclusion and Discussion 
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 Sugarcane production: 
 

 Yi = 0.24Fi + 0.75Li - 0.05Di                                                     

 

 Yi* = 0.26Fi* + 0.73Li* - 0.05Di* + Vi - Ui 

   

 

Protect groundwater resource 

 

Insure food security 
 

F  ↑ 2% 

L  ↓ 2% 

 

 Cassava production: 
 

 Yi = 0.21Fi + 0.56Li                                            

 

 Yi* = 0.15Fi* + 0.71Li* - 0.01Ti* + Vi - Ui 

  

F ↓ 6 % 

L ↑ 15% 

Cassava, which requires low agro-fertilizer, should be recommended as a prior 

energy crop in Yunnan with higher rates in ethanol conversion and dry matter. 
 

Conclusion and Discussion 
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Thank you for your attention! 
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