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1. Introduction


Like many other countries, China is currently contemplating stringent policy instruments to boost its production and use of fuel ethanol to detriment of imported fossil fuel. Since the government recognized that the use of grains for fuel ethanol production was putting a strain on food supplies and causing worrisome increases in food prices, the National Development and Reform Commission (NDRC) and the Ministry of Finance jointly issued the Notice Concerning Strengthening the Management of Bio-fuel Ethanol Projects and Promoting the Healthy Development of the Industry to guide further development of fuel ethanol. Non-grain fuel ethanol has become the future development direction. Three principles for expanding fuel ethanol, which are ‘not competing for food with humans, not competing for land with food, and not damaging environment’, proposed by the Chinese government. Currently, there are five fuel ethanol plants licensed for production in China, four of which are making grain-based fuel ethanol and the other is producing cassava-based fuel ethanol. In 2008, cassava-based fuel ethanol production reached 120,000 tons. However, for the Guangxi Beihai project started operations in the first quarter of 2008, the price of cassava already has increased to 600-700 RMB per Metric Ton (MT) compared to 400 RMB per MT in previous years. Though the government thought that cassava-based fuel ethanol would not bring food crisis and price rise as grain-based fuel ethanol, we have not proved this notion.

Since China has 116.08 million hectares marginal land for planting sweet potato, cassava and sweet sorghum, under the guideline of non-grain development, a number of fuel ethanol projects, which use cassava, sweet potato and sweet sorghum as material, are under construction now. Considering land availability, sweet potato projects in Hebei, Hubei, Chongqing and Sichuan, cassava projects in Guangdong, Jiangxi, Hainan and Yunnan, and sweet sorghum projects in Neimenggu and Shandong are preliminarily licensed by the Chinese government. However, storage problem is hindering the development of sweet sorghum fuel ethanol. Though fuel ethanol produced from pueraria, heliathus tuberosus, canna edulis ker and cellulose are technically feasible, there are some issues to be resolved nevertheless. For example, enzyme price is a major factor in high-cost of cellulose-based fuel ethanol production.


However, rising fuel ethanol production also has raised several issues to be considered. Whether using non-grain materials for fuel ethanol production can bring positive impacts on regional equality? How fuel ethanol expansion will affect household income and regional equality? Answers to these questions are critical important for China’s fuel ethanol development. Therefore, it is necessary to study the above issues to provide optimal policy to guide fuel ethanol development in China. 
2. Methodology

A CGE model can simulate real economy involving producers, consumers and markets, among other things, and basically having prices and quantities associated with income flows as endogenous variables. It can grasp most of these relevant aspects and, therefore, have been widely used to analyze energy policies (Bhattacharyya, 1996). Therefore, a CGE model is the best and suitable method, accounting for all the feedback mechanisms between fuel ethanol and agricultural markets, to assess the impacts of fuel ethanol on the overall economy including the effects on farmers, agricultural product markets, household welfare, and balance of trade (Sadoulet and de Janvry, 1995), which cannot be achieved by other macroeconomic models.

There are some basic assumptions in this model: first, the production technology is assumed to exhibit constant returns to scale, and the consumption preferences are assumed to be homothetic; second, households and firms are assumed to realize utility maximization and profit maximization, respectively, and excess demand functions are homogenous of degree zero in prices and satisfy Walras’ law; third, commodity and factor markets are assumed to be competitive and cleared by relative prices change; fourth, households are assumed to decide ethanol-to-gasoline proportion freely for automotive fuel use in designed or modified engines.

3. The Model


The SAM (Social Accounting Matrix) related to grain-based fuel ethanol was created based on the 2007 input-output table of China for the CGE model. Our model includes 6 blocks: production, trade, households, government, savings and investment, and market equilibrium.

The technology of production is represented by a nested constant elasticity of substitution (CES) and Leontief function. At the top level a choice is made between two composite goods: a value-added factor and an intermediate input composite. The value-added factor composite is obtained by capital-land composite and labor composite using a CES production function. The intermediate input composite is produced using the Armington assumption with a CES technology to decide the domestic input and foreign input. At the third level, a CES function describes the substitution possibilities for capital and land composite in capital-land composite input, and agricultural labor composite and non-agricultural labor in labor composite input. For land, different regional land types and agricultural labor types can be chosen at the fourth-level nest with Cobb-Douglas production function. Each nesting level is characterized by a specific substitution elasticity, which shows to what extent the factors can be substituted for each other.

For the household block, third-stage nested CES functions are used to characterize households’ behaviors for maximizing total household utility subject to budget constraints. On the first level, disposable income is allocated to consumption and savings. On the second level, total consumption is distributed to composite commodities, automobiles, and fuels. On the third level, total fuel consumption is assigned to fossil fuel and fuel ethanol.


In the model, government saving is given at a fixed rate; investment is endogenous and equal to total savings; thus, the model has neoclassical closure. The numeraire of the model is given to fix the Consumer Price Index (CPI).
4. Model Results

4.1 Description of Scenarios
The scenarios of fuel ethanol expansion are based on China’s renewable energy policy. According to the China’s Medium to Long-term Renewable Energy Development Plan (2020), we establish two simulation scenarios: one reference scenario (S0) and one alternative scenario (S1). 

The reference scenario is constructed to reflect a counter fact situation for later comparison. This scenario has the following three major assumptions: (1) there would be no new marginal land be used for feedstock production; (2) the current production pattern would be maintain, that is, fuel ethanol would be produced mainly from corn and partly from cassava, sugarcane, sweet sorghum and sweet potato; (3) there would be no improvement in the production technologies of feedstock crops.

The alternative scenario (S1) is established to assess the impact of expanding fuel ethanol produced by cassava, sweet potato and sweet sorghum. From Table 1, we can find that the production limits of cassava and sweet potato in 2020 are 1.08 million tons and 2.43 million tons. The remaining increment would be all produced from sweet sorghum. The assumptions in this scenario are described as follows: (1) the current fuel ethanol production using corn and sugarcane would stop to increase; (2) the cassava-based fuel ethanol would increase by 0.98 million tons; (3) the sweet potato-based fuel ethanol would increase by 2.42 million tons; (4) the sweet sorghum-based fuel ethanol would increase by 5.1 million tons; (5) there would be no improvement in the production technologies of feedstock crops. 
Table 1 Fuel Ethanol Potential Production
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Energy Crop

Ethanol Production per unit

area (t/ha)

Potential Ethanol

Production (thousand tons)

Northeast China 214.00 Sweet Sorghum 3.92 838.88

North China 252.00 Sweet Sorghum 3.92 987.84

(Sweet Potato) 3.03 (763.56)

Loess Plateau 402.00 Sweet Sorghum 3.92 1575.84

(Sweet Potato) 3.03 (1218.06)

Inner-Mongolian and Xinjiang 1832.00 Sweet Sorghum 3.92 7181.44

Middle and Lower Yangtze

River

316.00 Cassava 2.87 906.92

(Sweet Sorghum) 3.92 (1238.72)

South China 60.00 Cassava 2.87 172.20

Southwest China 148.00 Sweet Potato 3.03 448.44

Qingzang Plateau 0.00 None 0.00 0.00

Total 3220.00


Source: Tian and Zhao (2007)
4.2 Results of the Simulation Analysis
Table 2 presents the percentage deviations of household consumption expenditure, disposable income, saving distribution and equivalent variation compared with the baseline. As can be seen, rural household income rises in the two scenarios, with 1.938% in S0 and 1.813% in S1. However, rural household consumption increases only by 0.367% in S0 and 0.01% in S1. The two main explanations are price rise and saving growth. In S0, though rural household income increases by 1.938%, which is the highest level between the two scenarios, saving and equivalent variation decrease by 0.424% and CNY 2324.61 millions. This may be caused by commodity price rise that will be discussed later. In S1, corresponding to income growth, saving and equivalent variation also increase sharply. Since saving growth rate surpasses income growth rate and commodity price increase, rural household cut down their consumption expenditure. Compared to rural household, the variations on urban household are wondrously obvious. The negative impact on saving of urban household has become more serious. Moreover, the positive impacts on consumption, income and equivalent variations have changed to negative effects.
Additionally, more detailed effects on rural household by regions are shown in Table 3. For disposable income, the results show that, the farmers in the producing areas of ethanol feedstock have higher income than whom in the other regions. In S0, the largest increase occurs in the region of Yunnan in percentage terms as a result of the expansion of fuel ethanol mainly produced from corn. It rises by 2.726% relative to that of the baseline. Although land for corn accounts for 73% in Jilin, 56% in Heilongjiang and 48% in Inner-Mongolia, the growth rates of rural household income in these regions are lower compared with that in Yunnan. The main explanation is that rural household revenue is affected not only by the direct and indirect impacts caused by fuel ethanol production increase, but also by the transfer payments from the government, enterprise and foreign sectors and the income tax expenditure. Similarly, in S1, the farmers’ income increases largely in the major producing areas of cassava, potato and sorghum. The most positive impacts would occur in Hubei area which is one of the key producing regions of potato in China. The rural household income in Hubei would increase by 2.079%. As would be expected, cassava-based fuel ethanol expansion will lead to a considerable increase in disposable income for the farmers in the major cassava producing areas including Jiangxi, Hainan, Guangxi, Hebei and Sichuan, which rise by 1.966%, 1.985%, 1.982%, 1.888% and 1.870%, respectively.  

Moreover, Table 3 also shows the percentage deviations of both consumption and saving as a result of the expansion of fuel ethanol compared with the baseline. For saving change, as can be seen, household saving decreased in most regions in S0 while increased in all regions in S1. This may be due to growth rate of capital interest is lower in S0 (0.252%) than that in S1 (7.020%). This implies that rural household would improve their consumption expenditure on the basis of income rise in S0 and cut down their consumption spending in S1, accordingly. However, high commodity price would cut the contribution of income increase to or even impose a negative impact on consumption improvement. For instance, though rural household income increased by 1.344%, 1.675% and 1.484% in Guangdong, Jiangxi and Hainan, the consumption and saving both would decrease. In S1, in spite of lower commodity price, household consumption is reduced in some regions due to saving rise. Finally, the more rapid income growth and commodity price reduction relative to the baseline would lead to higher equivalent variation. Clearly, the equivalent variation in S0 is negative in most regions while in S1 is positive in all regions.
Table 2 Effects on Urban and Rural Households
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S0 Rural Household  0.367 1.938 -0.424 -2324.61

Urban Household 0.591 1.601 -0.507 9553.35

S21 Rural Household  0.01 1.813 2.76 58635.17

Urban Household -3.838 -1.771 -1.343 -334651.81


Table 3 Effects on Rural Households by Regions
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S0 Guangdong -0.322 1.344 -1.247 -1616.060

Jiangxi -0.330 1.675 -0.931 -876.530

Hainan -0.319 1.484 -1.259 -229.320

Yunnan 1.080 2.726 0.167 965.990

Guangxi 0.199 2.009 -0.698 -494.350

Henan 0.684 1.954 -0.261 322.830

Jilin 0.959 2.562 0.030 439.640

Anhui 0.325 1.910 -0.575 -458.380

Heilongjiang 0.772 2.396 -0.136 167.470

Hebei 0.780 2.116 -0.164 579.170

Hubei 0.233 1.822 -0.651 -203.810

Chongqing 0.396 2.165 -0.474 -200.090

Sichuan 0.253 1.981 -0.640 -967.980

Inner-Mongolia 1.040 2.519 0.097 536.360

Shandong 0.643 2.007 -0.287 525.430

Others 0.286 1.723 -0.624 -1192.650

S1  Guangdong 0.015 1.740 2.696 2058.030

Jiangxi 0.348 1.966 3.054 2779.020

Hainan 0.533 1.985 3.248 503.410

Yunnan 0.015 1.573 2.715 2368.850

Guangxi 0.480 1.982 3.192 3145.730

Henan 0.154 2.026 2.825 4835.390

Jilin 0.417 1.900 3.120 2945.210

Anhui 0.096 1.781 2.796 3668.850

Heilongjiang 0.146 1.541 2.833 5246.000

Hebei -0.027 1.888 2.643 2573.770

Hubei 0.214 2.079 2.915 1885.270

Chongqing 0.045 1.423 2.750 2008.520

Sichuan 0.400 1.870 3.109 6611.560

Inner-Mongolia 0.121 1.585 2.809 3802.270

Shandong -0.154 1.767 2.520 4228.060

Others -0.177 1.823 2.503 10456.140


5. Conclusion

In this study, we assessed the impacts of non-grain fuel ethanol expansion on household income and regional equality with a computable general equilibrium model. 

Model results show that non-grain based fuel ethanol development would bring positive impacts on rural household income and equivalent variation. At the same time, regional equality would be improved. 
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