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Policy Options for China’s Bio-ethanol
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Abstract

The present paper analyzes the potential impacts of bio-ethanol expansion on agricultural
production, food prices and farmers’ incomes in different regions of China. The results
show that increase in demand for feedstock to produce bio-ethanol will lead to large
increasein the prices of agricultural products. Theincreasein priceswill trigger a significant
risein the production of feedstock at the cost of lower rice and wheat production. The sudy
also reveals that the impacts of bio-ethanol on farmers’ incomes vary largely among
regions and farmer groups. Given the expected expansion of bio-ethanol production in the
future, and the limited land resources for feedstock production in China, the viability of
different crops as feedstock for bio-ethanol requires careful analysis before a large-scale
expansion of China’s bio-ethanol program. Bio-ethanol production in China should be
relying more on the second generation of bio-ethanol technologies (i.e. using cellulosesto
produce bio-ethanol), and China’s government should increase research investment in this
field.
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Policy Options for China’s Bio-ethanol Development

|I. Introduction

Therapid growth of China’s economy has led to increasing demand for energy and has
given rise to mounting concerns in China about national energy security. The nation’s
emissionsare a so becoming aconcern of the Chinese Government aswdl astherest of the
world. In 2006, Chinaimported 350 million tons of oil, accounting for approximately
48 percent of itstotal oil demand (NSBC, 2007). According to a study by the International
Energy Agency, by 2020, 77 percent of China’stotal oil will be supplied by the international
market, and thisfigurewill increase to 80 percent by 2030. Given China’s energy security
concerns, the search for alternative sources of energy has become a top policy priority of
the Chinese Government. Bio-ethanol, with itsreputation of being relatively carbon neutral,
has been the center of much government attention.

Chinais now the third largest bio-ethanol producer in the world after the USA and
Brazil, respectively. In 2007, China’s bio-ethanol production reached 1.33 million tons.
Maize isthe primary feedstock. Like many countries, China hasinitiated an ambitious
biofud deve opment strategy and has established high targets for itsdf. In China’s“Middle
and Long Term Devel opment Plan of Renewable Energy,” annual bio-ethanol productionis
targeted at 10 million tonsby 2020 (NDRC, 2007). Toencourage the expansi on of the biofud
industry in China, tax reductions, subsidies and other incentive policies have been
implemented.

Over the past 2 years there has been rapid development of the biofuel industry in
Chinaand other countries, especialy in the USA and Brazil. At the sametime, agricultural
prices haverisen rapidly on theinternational market and in China. In 2007, food prices on
theinternational market increased by 15.6 percent and thosein China by 10.8 percent (on a
year toyear base) (IMF, 2008; NBSC, 2008). Since mid-2007, the monthly growth rates of
China’s food CPI have exceeded 15 percent. Importantly, the rise in food prices have
accounted for more than 80 percent of China’s overall price increases over the past 12
months(NBSC, 2008).

Therisein food prices has triggered China’s concerns regarding its food security
(Huang et al., 2008). Ensuring national food security is a central goal incorporated in
China’s agricultural policies. China had aimed to achieve sdf-sufficiency in total grain
consumption before the 1990s. Then in thelate 1990s, atarget grain self-sufficiency rate of
higher than 95 percent was set (Huang and Rozelle, 2003). Although Chinais now a net
exporter of food and feed, it runs a large deficit in vegetable oil and soybean. 1n 2006,
China’s importation of vegetable oil reached 6.3 million tons, and the import of soybean
reached 27.8 million tons, accounting for 60 percent of itstotal soybean demand (NBSC,
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2007). With therising demand for livestock products, it is expected that Chinawill soon
switch from being amaize exporter to being anet importer* (Huang et al ., 2006).

To ease the increasing pressure on food prices, at the end of 2007, the Chinese
Government diminated rebates of val ue added tax (VAT) for exportsof all grainsand a set
of other processed products, with the intention of discouraging food exports. In January
2008, the Chinese Government took further action, impaosing export tariffs of 5-25 percent
on the same commodities. With theconcern that biofue expansion might add further pressure
on food security, in September 2007, the Chinese Government issued atemporary regul ation
on biofud feedstock use. The policy readsthat: “biofuel must not compete with grain over
land, must not compete with consumers for food, and not enter competition with livestock
over feeds, and must not inflict harm on theenvironment” (NDRC, 2007). In addition, China
has prohibited future increases in the use of grain for biofuel production. Instead, it is
encouraging the use of sugarcane, cassava, sweet potato, sweet sorghum, and other non-
grain crops asits major biofud feedstocks.

Although well intentioned, it is unclear how such policies can beimplemented and
whether these policies can really ease the pressure on food prices and food security. If
feedstock pricesincreasein the future with the expansion of the biofuel industry, farmers
will increasetheir production of feedstock at the cost of reducing the production of other
crops like rice and wheat, hence adding pressureto agricultural prices. As the Chinese
Government is faced with ensuring both food security and energy security, thereisa
drastic need for careful and rigorous assessment of the effects of promoting biofuelsin
China. The government must also determine how China should advance its bio-ethanol
industry in a sustainable way.

Theoverall goal of the present paper isto carry out a study of the potential impact of
increased bio-ethanol production on agricultural production, food prices, and farmers’
incomesin different regionsof China. The paper isorganized asfollows. The next section
discussesthe devel opment of bio-ethanol production in Chinaand the policies that promote
and regulate the development of the bio-ethanol industry. Section Ill presents the
methodology, as well as scenarios that are used to analyze the likely impacts of the use of
alternative feedstocks for bio-ethanol production in China. Section 1V presents the results
of our simulations of the impacts of China’s bio-ethanol program on agricultural prices,
production and farmers’ incomesin different regions of China. We conclude the assessment
with a discussion of policy implications.

1 Fisher et al., 2005, “Management a successful transition of China’s agricultural transition,” Report of
the Chinagro project to EU committee on the sustainable adaptation of China’s agriculture to globalization,
International Scientific Cooperation Project, | CA4-CT-2001-10085, I1ASA.
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Il. Development of China’s Bio-ethanol
Industry and Related Policies

In the mid-1980s, Chinalaunched its national biofue (including bio-ethanol) R& D program.
Investment in biofuel was mainly madethrough national R& D programs, such astheNational
High Technology Research and Development Program (also known as the 863 Plan). In
2001, three large bio-ethanol plants using maize as feedstock were established in
Heilongjiang, Jilin and Anhui. To reduce the reserve costs and to dispose of the rotting
wheat, Chinabuilt another ethanol plant using wheat as afeedstock in Henan Provincein
2004. With the prospect of limited supplies of maize and wheat grain available for bio-
ethanol production, China has begun experimenting with the use of other cropsto produce
ethanal. In 2006, China’sgovernment approved acassava-based bio-ethanol plant in Guangxi
Province: this plant commenced operatein early 2008.

Bio-ethanal production in Chinaincreased from 30 000 tonsin 2002 to approximately
1330000tonsin 2007 (CAAE, 2008). Table 1 showsthedigtribution of thefour existing bio-
ethanol plantsin China and their demands on feedstocks. Given that the rotting wheat in
thenational reserveshad run out, in 2007 all four plantswereusing maizeasmajor feedstock
for bio-ethanol production. The total maize demand for bio-ethanol production was
approximately 3.18 million tons. The cassava based bio-ethanol plant in Guanxi Province
only started to run in early 2008, so its output of bio-ethanol and feedstock demand isnot
yet clear, but based on its designed production capacity (200 000 tons per year) and current
production technology (7.5 tons of fresh cassava can produce 1 ton of bio-ethanal), we
edtimate that its annual fresh cassavademand will be 1.5 million tons.

Table 1. Distribution and Feedstock Use of
Bio-ethanol Plants in China in 2007

Location Yield Feedstock Feedstock demand
(thousand ton) (thousand ton)

Jilin 380 Maize 990

Hellongjiang 150 Maize 330

Henan 470 Maize/wheat 900

Anhui 330 Maize 960

Source: CAAE (2008).
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To facilitate bio-ethanol production and marketing, China has set up a series of
supporting policies (since the early 2000s). The first five-year plan for bio-ethanal, the
Special Development Plan for Denatured Fuel Ethanol and Bio-ethanol Gasoline for
Automobilesin the Tenth Five-Year (2001-2005), was announced in early 2001. Themain
goal of the Plan was to experiment with bio-ethanol production, marketing and support
measures. To achieve this goal, two policy documents werejointly issued by the National
Deve opment and Reform Commission (NDRC) and seven other rd evant ministriesin 2002
and 2004: the “Fil ot Testing Program of Bio-ethanol Gasoline for Automobiles” in 2002 and
the “Expanded Pilot Testing Program of Bio-ethanol Gasoline for Automobiles” in 2004
(NDRC, 2002 and 2004). With these policiesin place, four bio-ethanol plants were set up,
and nine provinceswere sd ected to use E10 ail (gasoline mixed with 10 percent bio-ethanal).
In 2005, Chinaissued the Renewable Energy Law, which hasbeen in effect snce 1 January,
2006. It isclear from thislaw that Chinawill forcefully push the devel opment of renewable
energy. In June 2007, under the guidelines stipulated by the Renewable Energy Law, the
NDRC formulated the Middle and Long Term Deve opment Plan of Renewable Energy. The
Plan aimsto lower China’s dependency on petrol oil imports (the share of imported oil in
total domestic consumption) to less than 50 percent by 2020. The annual bio-ethanol
production istargeted as 10 million tons by 2020.

To encouragethe expansion of the biofuel industry in China, a set of incentive policies
has been implemented since 2002. The policiesindude: mandatory mixing of 10 percent bio-
ethanol in gasolinein nineprovincesto securethebiofud market; the’5 percent consumption
tax on bio-ethanol being waved and the 17 percent VAT being refunded to the bio-ethanol
production plants; and direct subsidy to biofud plantsto ensurethey can makean appreciate
level of profit. However, in responseto therecent increasein food prices and the mounting
concernsrelating tofood (grain) security, in mid-2007, the Chinese Government announced
aregulatory policy on bio-ethanol expansion, and stated that it will prohibit grain-based
biofuel expansion in the future. Instead, it is encouraging the use of sugarcane, cassava,
Sweet potato, sweet sorghum and other non-grain crops asits major biofuel feedstocks.

I11. Methodology

A multiregional equilibrium modd, the Decision Support System for China’s Sustainable
Agricultura Development (CHIANGRO), can be used to explain the potential impacts of
biofud deve opment on China’s agricultural production, food prices and farmers’ incomes.
In this section, after a brief introduction of the model, scenarios and assumptions of the
simulation are discussed.
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1. CHINAGRO Model

CHINAGRO isa 17-commaodity, 8-region general equilibrium welfare model. The model
consists of Sx income groups per region, with production represented at the county level.
For each county, the model includes 28 outputs and arange of 14 farm typesinvolved in
cropping and livestock production. The 28 products include most of China’s agricultural
products, induding rice, maize, wheat, sugarcane, oil crops, pork and poultry. Consumption
isdepicted at theregional level, separately for urban and rural populations, and domestic
trade isinterregional. Agricultural supply of each county respondsto the market prices
faced by various farm typesin each county. Other farm resources, such as agricultural
labor, agricultural machinery, and land, areimposed as fixed constraintsin the modd. The
total areafor cultivation and the maximum yield potential on each farm type are based on
existing agro-ecological zone assessments. Parameters of 1abor, fertilizer and animal feed
requirements per unit of output are estimated econometrically using agronomic data.
Consumers of agricultural productsare represented for every incomegroup in each region,
and separatdy for rural and urban consumers, asexercising demand dependent on prevailing
consumer pricesand income avail ableto them. Additional details of the model specification
are described in Keyzer and van Veen (2005).

Asistheusua practicein generd equilibrium analys's, supply and demand are balanced
for all commaodities simultaneously through intraregional, interregional and international
trade, jointly with price adjustment subject to various policy interventions, such astariffs
and quotas on international trade. The mode operates on an annual basis, evaluating
solutions under given scenario conditions for selected years. With respect to validation,
thewelfare modd fully replicatesfor every county and region of Chinafor the 2003 base-
year conditions.

2. Scenarios and Assumptions

Based on China’splan for bio-ethanol expansonintheMedium and Long Term Deve opment
Plan of Renewabl e Energy, we assumethat an annual production of 10 million tons of bio-
ethanol will be reached by 2020. Following previous practice, bio-ethanal firmswill be
located in the main production regions of the feedstock crops used for bio-ethanol, but
interregional trade in these crops and in bio-ethanol are permitted in the model to
accommodate changes in specialization patternsinduced by the scenarios. Also based on
current practices in bio-ethanal production in China, we examine bio-ethanol production
using thefollowing four alternative scenarios:

Scenario 1 (S1): all 10 million tons of bio-ethanol will be produced using maize as
feedstock;

Scenario 2 (S2): all 10 million tons of bio-ethanol will be produced using sugarcane as

©2008 The Authors
Journa compilation ©2008 Institute of World Economics and Politics, Chinese Academy of Socia Sciences

117



118

Huanguang Qiu et al. /112 — 124, \ol. 16, No. 6, 2008

feedstock;

Scenario 3 (S3): dl 10 million tonsof bio-ethanaol will be produced using tuber cropsas
feedstock, including cassava and sweet potato;

Scenario 4 ($4): amixed scenario; that is, we assume 5 million tonsof bio-ethanol will be
produced using maize as feedstock and that sugarcane and cassava will each produce
2.5 million tons of bio-ethanal .

We compare results from the above four alternative scenarios with the results from the
basdline scenario (S0), which serves as areference and involves no biofuel expansion. The
baseline scenario is characterized by: (i) continuation of the current growth ratesin non-
agricultural sectors, supported by large investmentsin the manufacturing and service sectors
and acondderable outflow of labor from therural aress; (i) increased pressure on agricultural
land and water availahility in densaly popul ated countiesasaresult of thisurban and industrial
expansion; (iii) shifts in consumption patterns towards more meat, dairy, and fruit and
vegetables resulting from higher incomes in non-agricultural sectors; (iv) continued
liberalization of agriculturd foreign trade, dimination of farmtaxes, technical progressthrough
sustained spending on R&D; and (V) gradual priceincreases of agricultural prices, particularly
for feed grainsand mest, relativeto non-agricultural price beginning in 2010.

To simplify the analysis and to derive policy implications, we have made several
assumptions regarding trade. After simulation of the baseline, we found that Chinawould
be anet importer of dl threecrops (maize, sugarcaneand tuber crop) in 2020. To explorethe
potential impactsin Chinaof ethanol production without additional demand being satisfied
through imports, we impose import quotasfor all of these three crops under all scenarios,
which means the import volumes of these three crops cannot be higher than the import
leves under the baseline scenario. We a so impose export quotas for the commodities for
which Chinawill beanet exporter in 2020. For example, theexport of ricewas set at 4 383 000
tones, and vegetables at 7807 000 tones. Such quotas admittedly do not conform toWTO
regul ations. However, the rational e underlying their useisthat it is useful to identify the
extent towhich Chinaisableto satisfy its own feedstock demand for itsbiofuel production.
Moreover, allowing for unrestricted importswould inevitably lead to significant increases
inworld prices. Hence, the present implementation can beinterpreted asan extreme casein
which theworld market would already be fully committed and have zero supply elasticity.

IV. Impacts of China’s Future Biofuel Expansion

1. Impacts on China’s Agricultural Prices
Table 2 presentstheresultsfor price changes under different scenarios compared with the
basdineresults. Under S1, themaizepricein 2020 isprojected to be 74.3 percent higher than
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in the same year under the baseline scenario. The extent to which other crop prices change
depends on the nature of substitution between those commodities and maize. For example,
under S1, wheat pricesin Chinaincrease by approximately 9.2 percent, whereas sugar
prices only increase by approximately 4.4 percent. The priceincrease of maize and other
cropswill alsoincrease the cost of livestock production. Under S1, the pork pricein China
will increase by 9.7 percent.

Theresults of the sugarcane scenario, (S2), suggest that a bio-ethanol program based
on sugarcane as a feedstock is not agood choicein China. Compared with the results of
the basdine scenarioin 2020, the sugarcanepriceisprojected to increase nearly four times
(394 percent) in the same year (Table 2). Therefore, the use of sugarcane as a primary
feedstock isnat likely to occur. Thelevd of price projected impliesan extremdy high level
of government subsidies required to maintain its bio-ethanol program. This high price
would lead to an obvious violation of WTO rules. If China does not impose a high import
tariff on sugar, most of the extra sugarcane demand would have to be satisfied through
imports from theinternational market, something that might not be feasible as sugarcane
(as opposed to sugar) is not a highly traded commodity. Using tuber crop asthe primary
feedstock source (S3) of China’s bio-ethanol production could also lead to higher prices
for all agricultural commodities. Compared with theresults of thebaselinein 2020, the tuber
crop pricewould be 98.8 percent higher under this scenario.

Asexpected, theimpacts of the mixed scenario ($4) on each of the feedstock pricesare
much weaker than in the previous three scenarios (Table 2). Under $4, three crops (maize,
sugarcaneand tuber crop) aresimultaneoudly used as feedstock for bio-ethanol production,
and the demand pressure on any single crop is consequently eased. The smulation results
show that, compared with the results of the baseline scenario in 2020, the prices of maize,
sugarcaneand tuber cropin Chinawill be approximately 42.2, 78.6 and 23.3 percent higher,
respectively. Therefore, even under the mixed scenario of multiple feedstock sources, a
bio-ethanol program with a target of 10 million tons of production will create significant
incentivesfor farmersto produce these feedstocks for bio-ethanol production, if pricesare
allowed through market forcesto rise as demand rises.

Whether or not China’s domestic prices of maize, sugarcane and tuber crop could
increase significantly without large imports of these productsis an issue for which further
investigation is needed. Answersto these questions require a better understanding of the
future devel opment and scope of bio-ethanol programsin therest of world, particular those
intheUSA, Brazil, the EU, India, and other mgjor countries, and their impactson international
agricultural prices. If priceincreasesin maize, sugarcane and tuber ininternational markets
duetoworldwide bio-ethanol development arelessthan priceincreases of these commodities
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Table 2. Impacts of China’s Bio-ethanol Development on the
Prices of Its Agricultural Commodities in 2020,
Compared with Baseline Results (%)

S1 S2 S3 sS4
Rice 4.2 11.8 4.7 8.0
Whesat 9.2 9.0 75 8.6
Maize 74.3 9.2 10.1 422
Tuber crop 4.6 116 98.8 233
Vegetable ail 54 9.2 2.8 5.1
Sugar 4.4 394.1 51 78.6
Fruit 6.6 5.9 46 6.2
Vegetable 131 111 7.1 12.1
Beef and mutton 33 31 3.2 3.2
Pork 9.7 49 5.3 8.0
Poultry 9.8 48 6.0 8.0
Dairy 5.8 31 35 47
Eggs 105 42 42 81

Sources: Model simulation by authors’ compilation.

in China, the above analysis shows that China will have little choice but to increase its
imports of feedstock for ethanol production or directly import some amount of bio-ethanol
to successfully implement its E10 plan in the future.

2. Impacts on China’s Agricultural Production

The projected increase in the prices of the three major feedstocks examined will trigger
significant increasesin the production of these commodities. Table 3 showsthe percentage
changesin production of different scenarios compared with the basdine resultsin 2020.

Under S1, maize production in Chinawill increase by 20.8 percent over the baseline,
with contributions towards the increase in production from both yield increasesin maize
and crop substitutions into maize from other crops. Under S2, sugarcane production is
projected to increase by 154.3 percent, with all increased production taking placein south
China due to the unsuitability of agro-climatic conditions for sugarcane production in
other areas. Under S3, tuber crop production will be43.9 percent higher compared with the
basdlineresults. Under the mixed scenario ($4), production of maize, sugarcane and tuber
cropswill increaseby 9.7, 26.6 and 6.5 percent, respectively. Livestock production will also
decline compared with the baselineresults, because of the increase in input costs and the
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Table 3. Impacts of China’s Bio-ethanol Development on the
Production of Its Agricultural Commodities in 2020,
Compared with Baseline Results (%)

S1 S2 S3 sS4
Rice -04 -1.8 -0.7 -0.9
Whesat -13 -1.0 -11 -11
Maize 20.8 -14 -12 9.7
Tuber crop -34 -0.6 439 6.5
Vegetable ail -30 -08 22 21
Sugar -1.8 154.3 -1.9 26.6
Fruit -14 -14 -1.0 -13
Vegetable -2.0 -20 -14 -2.0
Beef and mutton -0.5 -0.8 -0.7 -0.6
Pork -2.6 -1.0 -0.8 -1.8
Poulty -2.3 -0.9 -0.7 -15
Dairy 26 -1.0 07 -17
Eggs -30 -0.9 -0.8 -1.9

Sources: Model simulation by authors’ compilation.

scarcity of agricultural production resources.

3. Impacts on Farm Value Added in Different Regions
Because there are significant substitution effects among commodities and among regions,
we al 0 estimate an aggregate measure, the changein net output value or farm val ue added
resulting from the impacts of aternative bio-ethanol programson agricultural sector. Table4
shows that different bio-ethanol programs have significant equity implicationsfor farmers
in different regionsof China.

Comparing theresults from all four scenarios, farmersin Chinawould benefit from the
devel opment of bio-ethanol, with an increase of farm value added of 3.2—8.1 percent under
different scenarios (last row of Table 4). However, the impacts vary significantly among
regions and farmer groups. Under all four scenarios, farmersin the crop sector will gain
whilethose specializing in livestock will lose. From aregional perspective, Tibet will be
affected negatively under all scenarios, because Tibet is not suitable for feedstock
production, and its livestock sector will suffer from the increase in feed prices. However,
the effectswill be minor. Farm value added in most of the other regionswill increase dueto
bio-ethandl expansion, except in South Chinaunder S1.
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Table 4. Impacts of China’s Bio-ethanol Development on Farm
Value Added of Different Regions of China in 2020,
Compared with Baseline Results (%)
S1 S2 S3 S4

Crop | Livestock Total Crop |Livestock| Total Crop | Liwestock Total Crop |Livestock Total

sector sector sector sector sector sector sector | sector
North 15.8 9.3 55 22 -03 | 12 | 125 2.3 97 | 119 | 52 49
Northeast | 34.2 79 | 136| 15 -08 | 55 | 132 -1.8 87 | 218 | -44 9
East 38 -1.3 24 24 -01 | 15| 74 -0.8 8 41 -03 26
Centrd 28 -1.8 13 6.7 -03 | 37| 66 -1 65 4 -05 21
South 17 3.7 | 05| 316 -18 | 183 | 65 1.3 66 | 82 22 41
Southwest| 8.2 -14.3 0 123 -07 | 76 | 105 2.1 94 | 88 79 27
Tibe 27 -6 33| 13 -08 | -02| 17 2.1 0.5 | 34 -3 11
Northwest| 15.9 4.1 77 | 152 -15 | 83 | 99 2.1 82 13 25 6.6
National | 93 6.1 32 | 117 -07 | 67| 96 -1.6 81 | 102 | -34 41

Sources: Model simulation by authors’ compilation.

V. Conclusions and Policy Implications

China considers the development of bio-ethanal to be an important tool to improveits
national energy security, to reduce negative environmental impacts, and to stimulate
agricultural development. The rapid growth of the Chinese economy has led to arising
demand for energy from international marketsand increasing concernsfor itsenergy security.
Although China’s current bio-ethanol production based on grain isonly approximately 1.
3 million tons, it has begun to implement an ambitious plan to expand its bio-ethanol
production to 10 million tons by 2020.

To gain some insight into the impact of China’s bio-ethanol development on its
agricultural economy, a quantitative analysisis conducted using the CHINAGRO modd to
test the feasibility of producing 10 million tons of ethanol under four scenarios. a maize
scenario, a sugarcane scenario, a tuber crop scenario, and a scenario using a mix of the
three crops. The potential impacts of these alternative bio-ethanol deve opment programs
on agricultural production, food prices and farmers’ incomes are assessed.

Theresultsshow that theincrease in demand for feedstock to produce bio-ethanol will
lead to large increases in the prices of these feedstock crops. Theincreasein pricetriggers
asignificant risein production of these crops and a shift in the crop production structure
in China. Thegain in the production of the commodity targeted in agiven scenario ispartly
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obtained via higher yields but more significantly by subgtitution away from cropsthat are
not directly associated with the bio-ethanal program (e.g. wheat and rice). The study aso
reveals that bio-ethanol competes with animal feed and that the price increases for animal
feed dgnificantly lower farmers’ incomesfrom livestock production. Moreimportantly, the
impacts of alternative bio-ethanol programs on farmers’ incomesin different regions vary
substantially across regions.

Theresultsfrom this study have potentially important implications for China’sfuture
bio-ethanol devel opment, food security, and income distribution among regionsand farmer
groups. First, the viability of different crops as feedstock for bio-ethanol requires careful
analysisprior to alarge-scale expansion of China’s bio-ethanol program. A mix of several
alternative feedstock sources for bio-ethanol should be explored. An exclusive, or near
exclusive focus, on sugarcane or cassavais not possible without substantial imports of
thesecommodities.

Second, therewill be substantial financial implications of promoting alarge scaebio-
ethanol program in the future. Based on our persona interviews, currently, approximatey
40 percent of total crop-based biofue production costsare covered by government subsidies.
Although some bio-ethanol production costs could be reduced with improvementsin
technology and production efficiency, the costs of feedstock will alsoincrease significantly
as the prices of feedstocks rise with the expanded use of these crops for bio-ethanol
production. Thelevel of subsidieswill of course aso depend on thetrend of ail pricesin
theinternational markets.

Third, with respect to national food security, if feedstock is sourced from maize or
tuber crops, such as cassava and sweet potato, the greatest impacts are on livestock
production. National food security might al so be affected through the large price increases
in maizeand sugar, athough thesepriceincreaseswould certai nly bedampened by loosening
the constraintsimposed on import quantities. To aleviate the possible negative impacts of
biofuel on food security, government supports should focus more on productivity enhanced
investments; for example, on increasing investment in energy crop R&D and increasing
investment in biofud processing technology research.

Fourth, the bio-ethanol program has some potential as a mechanism through which
rural households can increase their farming incomes. Chinaisan interesting case because
all rural households have access to land and nearly all rural households sell a portion of
their agricultural productsin the market. Thenational averagefarm sizeis8.8 mu, or 0.59 ha,
ranging from less than 0.3 hain south Chinato approximately 0.8 hain the central region
and morethan 1 hain northeast China(MOA, 2007). Farmersin maize production regions,
particularly in northeast and north China, can increase their farming incomes as the bio-
ethanol program is expanded.
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Last, but not least, given the trade-offs between grain security and energy security,
use of other feedstocks, particularly those utilizing second generation technologies, should
continue to be researched. However, the use of feedstock such as crop residues should be
considered carefully because of its potential use as livestock feed and in sustainable crop
production management practices.
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