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Abstract
Maize is a major component of China’s cereal production. It is also one of the main feedstocks for China's bioethanol pro-
duction. To ensure food security, there is flexibility in China’s ethanol policy. In this paper, we build a multicountry and 
multisector partial equilibrium model to simulate the possible impacts of biofuel policy on maize markets and food security. 
Considering normal macroeconomic conditions, China’s bioethanol promotion policy would result in a net increase in maize 
imports to 26 mmt in 2030. Meanwhile, China’s maize self-sufficiency ratio would decrease to 92% in 2030 as a result of the 
country’s bioethanol promotion policy. In addition, simulation results indicate that China’s bioethanol promotion policy could 
increase the world maize price index by 5% and the world bioethanol price index by 4% in 2030. Based on this modeling 
study, the Chinese government may take measures in advance to prepare for large-scale maize imports, adjust its strategy 
in order to make better use of the international market, and strengthen international trade and stock cooperation with maize 
import regions and countries.
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1 Introduction

Having experienced an economic boom over the past decade, 
China has emerged as the second largest gasoline consumer 
in the world, after the United States. Gasoline consump-
tion in China in 2017 was 124 million metric tons (mmt), 
equal to 3.5 times its consumption in 2000 (National Bureau 
of Statistics of China (NBSC), 2019). A large increase in 
gasoline consumption results in weakened energy security, 
as China’s crude oil self-sufficiency dropped from 68.3% 
in 2000 to 31.3% in 2017 (NBSC, 2019). Furthermore, 
increased gasoline consumption contributes to greenhouse 
gas (GHG) emissions and air pollution, as China’s transport 
sector contributed 14% of the country’s total carbon emis-
sions in 2014 (Li & Yu, 2019).

Renewable energy, such as bioethanol, is an important 
option for enhancing energy security and environmental sus-
tainability (Koizumi, 2015; Qiu et al., 2012). The bioethanol 
industry may help to reduce poverty (Huang et al., 2012a, 
2012b) and alleviate food insecurity by providing work 
opportunities (Thornhill et al., 2016). However, by changing 
land use and increasing food prices, biofuel also contributes 
to food insecurity (Grote, 2014; Popp et al., 2014; Thornhill 
et al., 2016). Since 2001, China has been the third largest 
bioethanol producer in the world, after the United States and 
Brazil (OECD/FAO, 2021). The production of bioethanol 
in China has increased from 3137 million liters in 2001 to 
5000 million liters in 2005 and 10,000 million liters in 2018, 
with an annual growth rate of 7.1% (OECD/FAO, 2021). 
The rapid growth in the production of bioethanol in China 
is driven by policies to reduce stale maize/wheat stocks (Qiu 
et al., 2012; Zhang, 2015), as well as the prices of crude oil, 
maize, and bioethanol (Birur et al., 2008; To & Grafton, 
2015; Xu et al., 2018). * Yongfu Chen 
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In China, maize1 is one of the most important crops and 
the main material for bioethanol production, accounting for 
39.1% of grain2 production, 42.2% of cereal production, 
and 71.7% of bioethanol production in 2018 (NBSC, 2019; 
OECD/FAO, 2021). The maize used to produce bioethanol is 
domestic.3 However, maize is also an important feed source 
in China and rapid economic growth has led to an increase in 
meat and feed consumption. In 2019, the domestic produc-
tion of maize in China was 260.8 mmt and net imports were 
4.8 mmt, thus the self-sufficiency rate was 98.2% (Chinese 
Academy of Agricultural Sciences, 2021). Meanwhile, the 
shares of feed, processing, food, and other demands were 
56.4%, 32.1%, 7.0%, and 4.4%, respectively (Chinese Acad-
emy of Agricultural Sciences, 2021).

To feed 1.4 billion people, food security is a priority 
goal of the Chinese government. The core of China’s food 
security strategy is to ensure basic self-sufficiency of cere-
als and absolute security of food grains (Han, 2020). While 
the government did not provide a specific number, 90% 
self-sufficiency for cereals and 95% for food grains can be 
considered the minimum self-sufficiency levels (Yan et al., 
2019). Biofuel from maize could lead to shortages of feed, 
growth in imports, and price increases. In addition, the price 
effects on maize will also be reflected in food grain prices 
through substitution effects and in livestock prices. There-
fore, it is important to empirically identify the impacts of 
bioethanol production on food security (Araujo Enciso et al., 
2016; Bosch & Zeller, 2019; Grote, 2014; Koizumi, 2015; 
To & Grafton, 2015; Tomei & Helliwell, 2016; Zilberman 
et al., 2013).

Cereal-to-ethanol programs and policies in China are 
closely monitored due to concerns from the government 
agency on food security and maintain flexibility. Since 2004, 
China has been developing maize-to-ethanol pilot programs. 
To further encourage the development of liquid biofuels, 
the Renewable Energy Law was adopted in 2015. However, 
with concerns for food security, the National Development 
and Reform Commission (NDRC) issued a policy to control 
the development of cereal-based bioethanol production in 

2007. To reduce the amount of stored maize resulting from 
the temporary storage program (TSP) implemented in 2008 
(Huang et al., 2017), the Chinese government has gradually 
increased its support for maize-to-ethanol programs since 
2016. Recently, the Chinese government strictly limited the 
development of cereal-based bioethanol production again 
in 2020 under the background of increases in food prices 
relative to the COVID-19 pandemic (Devereux et al., 2020; 
Zimmerer & de Haan, 2020).

The methods commonly used for policy evaluation at the 
micro level include propensity score matching (Han et al., 
2019; Paudel et al., 2020), difference-in-difference (Chen 
et al., 2020; Petrick & Zier, 2011), and regression disconti-
nuity (Bhalla et al., 2018; Bosch & Schady, 2019). However, 
from a macro perspective, previous studies have assessed the 
impacts of agricultural policy on cereal markets using com-
putable general equilibrium (CGE) and partial equilibrium 
(PE) models (Francois & Reinert, 1998; Karp & Perloff, 
2002; Kozicka et al., 2017; Sheng & Song, 2019; Valin et al., 
2014; Von Lampe et al., 2014). Compared with CGE mod-
els, PE models do not consider spillover effects on nonagri-
cultural markets but can represent different agricultural poli-
cies at a deeper level (Hoang & Meyers, 2015). Therefore, 
many international organizations have built multiregion and 
multisector PE models, i.e., the AGLINK-COSIMO model 
of the Organization for Economic Cooperation and Develop-
ment (OECD) and the Food and Agriculture Organization 
(FAO) (OECD, 2007); the long-term projection model of 
the U.S. Department of Agriculture (USDA); the IMPACT 
model of the International Food Policy Research Institute 
(IFPRI) (Robinson et al., 2015); and the WFSD model of the 
Policy Research Institute, Ministry of Agriculture, Forestry, 
and Fisheries (PRIMAFF), Japan (Furuhashi, 2015).

Maize projections in China have also been widely sim-
ulated. Most results show that China will remain a net 
importer of maize in the coming decades, but the range of 
projections is wide. China’s net import of maize in 2020—as 
simulated by Xu et al. (2015) is 3 mmt, while Lu et al. (2017) 
projected that the volume would be 11.5 mmt in 2025. The 
results of the WFSD model indicate that China’s import of 
maize is expected to reach 9.8 mmt by 2030 (PRIMAFF, 
2021), while OECD/FAO (2021) projected that China will 
import 7.2 mmt of maize by 2030. The USDA (2021a) pro-
jects that China is expected to continue to import 7.2 mmt of 
maize per year from 2021 to 2030. In a long-term projection, 
Sheng and Song (2019) indicate that China’s maize imports 
are projected to increase to 57 mmt by 2050. Additionally, 
various Chinese studies have made maize projections, which 
can be found in the review by (Lv, 2013). However, these 
projections cannot be compared directly due to their differ-
ent assumptions, parameters, and model structures (Fan & 

3 According to the General Administration of Customs of the Peo-
ple’s Republic of China, the share of imported maize consumed in 
the maize-based bioethanol production provinces (Heilongjiang, Jilin, 
Liaoning, and Henan) was 4.19% in 2019.

1 In this paper, "maize" refers to both yellow and white maize. The 
majority of maize in China is yellow maize, but the share of each type 
of maize, however, is not officially known.
2 As defined by the NBSC, "grain covers cereals, tubers and beans 
by type of crops" (NBSC, 2019). Cereals, beans, and potatoes 
accounted for 92.7%, 2.9%, and 4.4% of China's grain production in 
2018, respectively (NBSC, 2019). China used cereal and food grain 
(rice and wheat) rather than grain in general for the first time in 2014. 
For consistency with official files and previous studies, we use grain, 
cereal, and food grain in this study.
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Agcaoili-Sombilla, 1997), nor do they simulate the impacts 
of the recent bioethanol promotion policy on the maize sup-
ply and demand of China.

This paper aims to evaluate the impacts of China’s 
bioethanol policy on maize markets and China’s food secu-
rity strategy (basic self-sufficiency of cereals) to 2030 by 
addressing the following questions. How will the interna-
tional maize market respond under different options for 
China’s bioethanol policies? Will China import more maize 
and fail to achieve the goal of basic self-sufficiency of cere-
als due to the acceleration of bioethanol production? Where 
might increased maize imports originate? We make two 
main contributions. First, we build a multicountry and mul-
tisector partial equilibrium framework to simulate the world 
market for maize and bioethanol. Second, we evaluate the 
impact of China’s bioethanol policies on maize and food 
security strategies (basic self-sufficiency of cereals) within 
China, which is of great significance for energy and food 
security policy making.

The remainder of this paper is organized as follows. The 
next section reviews the background of China’s bioetha-
nol policy. Section 3 introduces the framework, data, and 
parameters of the world maize supply–demand model. Sec-
tion 4 describes the policy scenarios, and Sect. 5 analyzes 
the simulation results. We discuss the findings and highlight 
the limitations in Sect. 6. Finally, conclusions and policy 
implications are provided in Sect. 7.

2  Evolution of bioethanol policy in China

2.1  Stage I: 2001–2007

China initiated its bioethanol program in 2001 when the 
country had an excess of stale cereals in its national reserve 
(Zhang, 2015). In “the 10th Five-Year Plan” (2001–2005) 
made in 2001, the Chinese government began to develop 
bioethanol gasoline for automobiles. Then, a “Special Plan 
for the Development of Fuel Ethanol and Ethanol Gasoline 
for Vehicles during the 10th Five-Year Plan Period” was 
issued in 2002. Five cities in Henan and Heilongjiang prov-
inces were selected to use a mixture of gasoline (90%) and 
ethanol (10%), i.e., E10. Since 2004, China has been devel-
oping maize-to-ethanol pilot programs, covering 18 cities 
and 5 counties within 11 provinces (Shan et al., 2016). To 
further encourage the development of liquid biofuels, the 
Renewable Energy Law was adopted in 2005. During 2006 
and 2007, a series of financially supporting policies were 
enacted to encourage the development of the biofuel indus-
try. Under policy support, four cereal-based plants and one 

cassava-based bioethanol plants were built, and the annual 
growth rate of China’s bioethanol production from 2001 to 
2007 reached 14.5% (OECD/FAO, 2021).

2.2  Stage II: 2007–2016

With the global food crisis starting in 2007, the Chinese 
government began to limit the development of cereal-based 
bioethanol production. The National Development and 
Reform Commission (NDRC) issued the “Guidance on 
Promoting the Healthy Development of the Maize Deep-
Processing Industry” (the “Limitation Policy”) to limit the 
proportion of processing to domestic demand (PPDD) to 
26% in 2007. Then, in 2008, the “National Framework for 
Medium-to-Long-Term Grain Security (2008–2020)” was 
enacted to strictly control the development of cereal-based 
bioethanol industries. Since then, none of the cereal-based 
bioethanol plants could be built without the permission of 
the State Council. As a result, the annual growth rate of 
China's bioethanol production from 2007 to 2016 dropped 
to 3.33% (OECD/FAO, 2021).

2.3  Stage III: 2016–2020

During the 2007–2008 global food crisis, a temporary stor-
age program (TSP) for maize was initiated in 2008 to sup-
port domestic production, which led to a rapid increase in 
maize stocks (Huang et al., 2017). Government notices were 
issued to support maize-processing enterprises at the provin-
cial level in purchasing temporarily stored maize through 
subsidies (Huang et al., 2017; Lopez et al., 2017; OECD, 
2017). With the supply-side structural reforms in agriculture, 
the Chinese government has gradually increased its support 
for the maize-processing industry, including the maize-
based bioethanol industry. In 2017, the NDRC announced 
the “Expansion of Bioethanol Production and Promotion”, 
which set a goal of achieving nationwide use of E10 by 
2020 (Macke, 2017). In 2018, more than 125 mmt of cereal 
(mainly maize) stocks were reduced (Chen, 2020). However, 
under the uncertainty of the food security situation caused 
by COVID-19, the Chinese government suspended the 
implementation of the “Expansion of Bioethanol Production 
and Promotion” and released a white paper entitled “China’s 
Energy Development in the New Era” in 2020, which limited 
the development of cereal-based bioethanol production.

2.4  Future trend

The history of China’s bioethanol policy shows that food 
security takes priority over the development of bioetha-
nol. The strategic goal of food security in China has been 
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to ensure basic self-sufficiency of cereals and absolute 
security of food grains (Han, 2020). Projections from the 
USDA (2021a) and OECD/FAO (2021) suggest that China 
can achieve the goal of absolute security of food grains. 
Sheng and Song (2019) show that China is projected to be 
a net exporter of rice and wheat by 2050. Thus, ensuring 
the basic self-sufficiency of cereals becomes essential to 
China’s food security strategy. The Chinese government 
would limit the development of the maize-based bioetha-
nol industry if imports of maize rapidly increase. How-
ever, China has formally declared in its nationally deter-
mined contributions to hit peak emissions before 2030 
(Fang et al., 2019), and bioethanol is still a policy option. 
Thus, the Chinese government will support the maize-
based bioethanol industry if food security is under con-
trol. Therefore, China’s future bioethanol policy will be 
flexible, and it is important to provide simulations of the 
impacts of different bioethanol policies on food security to 
policymakers to avoid frequent policy changes.

3  Framework

3.1  Study design

To evaluate the effects of China’s bioethanol policy on 
maize markets and China’s food security strategy by 
2030, an equilibrium model would be more appropriate. 
Theoretically, a bioethanol policy would affect the equi-
librium prices of maize and bioethanol by shifting the 
demand and production curves. Meanwhile, consumer 
and producer welfare are altered accordingly. Then, the 
price effect of maize will transfer to other agricultural 
products. On the one hand, because maize is the most 
important feed source, the price of livestock products will 
be affected by the change in expenses. On the other hand, 
there are substitution-related effects among the prices of 
maize, rice, wheat, and other coarse grains. To simplify 
the questions and focus on the goal of basic self-suffi-
ciency of cereals, we evaluate the direct effects based on 
a partial equilibrium model.

According to the basic ideas of treatment effect analysis, 
we first simulate the scenario under which the Chinese gov-
ernment limits the production of bioethanol (hereafter the 
“control scenario”). Then, we simulate another scenario that 
cancels the limitation (hereafter the “treatment scenario”), 
ceteris paribus. The differences between the simulation 
results of the control and treatment scenarios indicate the 
effect of China's bioethanol policy on maize markets and 
food security.

3.2  Model framework

Partial equilibrium models consider one or more com-
modity markets in isolation from the rest of the economy 
(Hoang & Meyers, 2015). A multicountry and multisector 
partial equilibrium model assumes that the world consists 
of several countries/regions with each having one or more 
sectors (Sheng & Song, 2019). For agricultural sectors, a 
multicountry and multisector partial equilibrium model 
assumes that production is determined by technical pro-
gress, the quantity of agricultural inputs, and prices of 
crops. Demand is determined by prices and income. Equi-
librium is achieved when the market of every sector in 
every country/region is synchronously cleared.

Based on the theory of multicountry and multisector 
partial equilibrium and the basic framework of the Inter-
national Food and Agricultural Policy Simulation Model 
(IFPSIM) from the Japan International Research Center 
for Agricultural Sciences (JIRCAS) (Oga & Yanagishima, 
1995), we build a world maize supply–demand model. Fig-
ure 1 shows that the framework has two sectors, maize 
and bioethanol. In addition to China, other countries in 
the model include the main maize-importing and maize-
exporting countries/regions (the United States, Argentina, 
Brazil, Ukraine, India, Russia, Japan, South Korea, Mex-
ico, the European Union, and the rest of the world) and the 
main bioethanol-producing countries/regions (the United 
States, Brazil, India, the European Union, and the rest of 
the world). The specific equations of the world maize sup-
ply–demand model are shown as follows.

3.2.1  Production equations

Maize production is determined by the area planted and 
yield, while bioethanol production is determined by the 
consumer prices of crude oil, maize and bioethanol (Birur 
et al., 2008; Haile et al., 2014).

where QCN and QBE are the production of maize and 
bioethanol, respectively; AA is the area planted; YD is the 

(1)QCNi = AAi × YDi

(2)lnAAi = �AA,i +
∑

j

eAA
PPD,i,j

lnPPDi,j + eAA
FER

lnPFERi

(3)YDt,i = �YD,i + YDt−1,i ×
(

1 + TECHi

)

(4)lnQBEk = �QBE,k +
∑

l

e
QBE

PCS,k,l
lnPCSk,l
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yield; PPD, PCS, and PFER are the producer, consumer, 
and fertilizer prices, respectively; TECH is the rate of tech-
nological progress; α and e are the intercept and elastic-
ity, respectively; and i, j, k, l, and t, respectively, represent 
the countries of the maize sector, various crops (i.e., rice, 
wheat, maize, soybean and other cereals), the countries of 
the bioethanol sector, various goods (i.e., oil, maize and 
bioethanol) and the time variable.

3.2.2  Domestic demand equations

The equations for the domestic demands of maize and 
bioethanol are as follows:

where DDCN, FOOD, FEED, PROC, SEED, LOSS, and 
STV are the domestic demand, food demand, feed demand, 
processing demand, seed demand, loss, and stock variation 
for maize, respectively. DDBE is the domestic demand for 
bioethanol. PCS indicates the consumer prices of oil and 
bioethanol and PGDP is the GDP per capita.

(5)
DDCNi = FOODi + FEEDi + PROCi + SEEDi + LOSSi + STVi

(6)

lnDDBEk = �DDBE,k +
∑

n

eDDBE
PCS,k,n

lnPCSk,n + eDDBE
PGDP,k

lnPGDPk

The food demand for maize (FOO is determined by mul-
tiplying per capita consumption (PFOOD) by the total popu-
lation (POP). Following (Deaton & Muellbauer, 1980), the 
factors that affect per capita consumption include elasticities 
for income, own-price, and cross-price. In this paper, we use 
per capita GDP (PGDP) as the proxy for income.

The feed demand (FEED) is determined by the produc-
tion of livestock products (LS) and the conversion ratio 
between livestock products and maize ( �LS

RLSCN
).

The processing demand of maize (PROC) is the sum of 
the bioethanol processing and other processing demands. 
The bioethanol-processing demand is a function of bioeth-
anol production (QBE), the conversion ratio between 
bioethanol and maize ( �LS

RLSCN
 ) and the proportion of maize-

based bioethanol production to total bioethanol production 

(7)FOODi = PFOODi × POPi

(8)

lnPFOODi = �FPOOD,i +
∑

j

ePFOOD
PCS,i,j

lnPCSi,j + ePFOOD
PGDP,i

lnPGDPi

(9)FEEDi = �FEED,i + �
LS
RLSCN,i,m

× LSi,m

(10)
PROCi = �PROC,i + �RBECN,i × �BECN,i × QBEi + exp

(

ePROCOTR
PGDP,i

× lnPGDPi

)

Fig. 1  Framework of the world maize supply–demand model. BE = bioethanol, T. SUPPLY = total supply, T. DEMAND = total demand, 
TECH = technological progress, INT’L = international, SEED RATE = seed usage per area planted
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( �BECN ). The other processing demand is a function of per 
capita GDP.

The seed demand (SEED) is determined by multiplying 
the seed usage per area planted (RSEED) by the area planted 
(AA). Since it is impossible to obtain official data on the 
maize stock in China, the stock variation (STV) is set as an 
exogenous variable (ASTV). Loss is determined by multiply-
ing the loss rate (RLOSS) by the quantity of other domestic 
demands.

3.2.3  Price linkage equations

Let the international maize price be WPCN. The unit is 
USD, and the consumer price (PCSCN) and producer price 
(PPDCN) of maize in country i are given by the following 
equations:

where EXCH is the exchange rate, TRF is the tariff rate, and 
MM is the market margin.

Similarly, the price of bioethanol (PBE) in country k is 
determined by the international bioethanol price (WPBE) 
and the exchange rate.

3.2.4  Trade equations

Assume that there is a, a net maize-exporting country and b, 
a net bioethanol-exporting country. The net export quantities 
in countries a and k are the differences between domestic 
production and demand, while the net import quantities in 
countries i-a and k-b are the differences between domestic 
demand and production.

(11)SEEDi = �SEED,i + RSEEDi × AAi

(12)STVi = ASTVi

(13)
LOSSi = RLOSSi ×

(

FOODi + FEEDi + PROCi + SEEDi + STVi

)

(14)PCSCNi = WPCN × EXCHi ×
(

1 + TRFi

)

(15)PPDCNi = PCSCNi +MMi × EXCHi

(16)PBEk = WPBE × EXCHk

(17)NEXCNa = QCNa − DDCNa

(18)NEXBEk = QBEk − DDBEk

(19)NIMCNi−a = DDCNi−a − QCNi−a

3.2.5  Constraints

The model has four homogeneous constraints, measured by 
the sum of the elasticities, which are all zero: (1) producer 
prices to the area planted, (2) consumer prices to food con-
sumption, (3) prices to bioethanol production, and (4) prices 
to bioethanol consumption. Furthermore, the proportion of 
processing to domestic demand (PPDD) in China was lim-
ited to 26% by the “Limitation Policy”. Since the NDRC 
bioethanol promotion policy in 2017, the PPDD has been 
larger than 26% and reached approximately 32% in 2019 
(Chinese Academy of Agricultural Sciences, 2021). To sim-
ulate the policy constraints, we assume that the upper limit 
of the proportion of the processing demand in domestic pro-
duction remains at the level of 32% in the control scenarios.

3.2.6  Market clearing

Based on the above equations, we can obtain the total supply 
and total demand of maize and bioethanol in every country/
region. When the maize and bioethanol markets in every 
country/region are clearing simultaneously, the total produc-
tion of maize/bioethanol should be equal to the total demand 
for maize/bioethanol. In this paper, this condition can be 
given as follows:

3.2.7  Producer and consumer surplus

Assuming the production and demand curves remain the 
same (though Eq.  22 changes the demand curve), the 
increase of producer price increases from P1 = PPDCN1 
to P2 = PPDCN2 leads to the change in producer surplus 
( ΔPS ) and the increase of consumer price increases from 
P∗
1
= PCSCN1 to P∗

2
= PCSCN2 leads to the change in con-

sumer surplus ( ΔCS ). Under Eq. 15, we can calculate the 
change in overall economic surplus ( ΔES ). Due to the use of 

(20)NIMBEk−b = DDBEk−b − QBEk−b

(21)

∑

j

eAA
PPD,i,j

= 0,
∑

l

e
QBE

PCS,k,l
= 0,

∑

j

ePFOOD
PCS,i,j

= 0,
∑

n

eDDBE
PCS,k,n

= 0

(22)
PROCCHINA = QCNCHINA × 32%, ifPROCCHINA > (QCNCHINA × 32%)

(23)
∑

a

NEXCNa =
∑

i−a

NIMCNi−a

(24)
∑

b

NEXBEb =
∑

k−b

NIMBEk−b
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price indexes instead of prices in the PE model, we calculate 
the changes in overall economic surplus as a percentage.

3.3  Data

The maize production and trade data of China are mainly 
obtained from the NBSC and the General Administration of 
Customs of China, respectively. The maize demand data of 
China are calculated following the method of Chen (2004) 
and Han (2019). The production, demand, and trade data of 
maize for other countries are obtained from the food balance 
sheets of the FAO (FAO, 2018), while the complete bioetha-
nol data sets are obtained from the OECD-FAO Agricultural 
Outlook (OECD/FAO, 2021). The base year of the world 
maize supply–demand model is 2016 (see “electronic sup-
plementary material 1—balance sheets”) and the projection 
period is 2017–2030.

3.4  Parameters and calibration

The elasticities of maize production and food demand in 
China are the median of previous studies (Han, 2019), 
while those of other countries are obtained from Meade 
et al. (2014) and Oga and Yanagishima (1995). The con-
version ratios between livestock products and maize are 
taken from Oga and Yanagishima (1995), while the seed 
usage per area planted and the loss rate are the historical 
means between 1993 and 2016 (Han, 2019). The elastici-
ties of bioethanol production and demand were obtained 
from Han (2019). The intercept terms were obtained from 
the calibration process to be consistent with the given data 
above. All the parameters are reported in the “electronic 
supplementary material 2—parameters”. The equations are 
written in R and solved with Newton’s iteration method 
following Peng (2009).

(25)ΔES% =
ΔPS + ΔCS

PS0 + CS0
× 100%

(26)ΔPS =
P2

∫
P1

QCN(P)dP

(27)PS0 =
P1

∫
0

QCN(P)dP

(28)ΔCS = −

P∗
2

∫
P∗
1

DDCN(P)dP

(29)CS0 = −

P∗
1

∫
0

DDCN(P)dP

4  Scenarios

4.1  Baseline scenarios

In the baseline scenarios, we assume that the macroecon-
omy grows at a normal level. (1) Annual growth of GDP per 
capita. As projected by the USDA, the OECD-FAO, and the 
U.S. Census Bureau, the annual growth of GDP per capita in 
China is assumed to decline in the next decade. We assume 
that the annual growth of GDP per capita in China will be 
4.0% and 3.2% in 2025 and 2030, respectively. (2) Annual 
growth of population. The total population of China is pro-
jected to reach 1.42 billion in 2030 (United Nations, 2015). 
(3) Exchange rate. The USD is expected to appreciate the 
Chinese RMB before 2030 to reach 5.59 RMB per USD 
in 2030. (4) Other exogenous variables. The projections of 
exogenous prices, stock variation, and livestock production 
are obtained from the OECD-FAO Agricultural Outlook 
(OECD/FAO, 2021) (see “electronic supplementary mate-
rial 3—exogenous variables under baseline scenario”).

There are two subscenarios in the baseline scenarios. To 
simulate the impacts of China’s bioethanol promotion on the 
global maize market, we first set a baseline control scenario 
(limitation of maize-processing). In the baseline control sce-
nario, we keep the constraint in Eq. 22 and assume that the 
NDRC strictly limits the development of bioethanol.

Then, in the baseline treatment scenario (free develop-
ment of bioethanol with normal-speed growth), we ignore 
Eq. 22 and assume that the bioethanol industry can be devel-
oped freely in China, and the annual growth of the exog-
enous variables is the same as that in the baseline control 
scenario. The difference in the simulation results between 
the baseline control scenario and baseline treatment scenario 
is the “strategy space” for the policy makers of the central 
government.

4.2  High scenarios

In the high scenarios, we assume that the macroeconomy 
grows at a high level. To simulate an extreme situation 
standing for high-speed growth, the annual growth of the 
exogenous variables is assumed to be 1 percentage point 
more than that of the baseline scenarios (see “electronic 
supplementary material 4—exogenous variables under high 
scenario”). There are two subscenarios. In the high con-
trol scenario, the NDRC strictly limits the development of 
bioethanol, while the bioethanol industry can be developed 
freely in the high treatment scenario.
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4.3  Low scenarios

Contrary to the high scenarios, the macroeconomy is set to grow 
at a low level. The annual growth of the exogenous variables is 
assumed to be 1 percentage point less than that of the baseline 
scenarios (see “electronic supplementary material 5—exog-
enous variables under low scenario”). We also set two subsce-
narios: a low control scenario (limitation of maize-processing) 
and a low treatment scenario (free development of bioethanol).

5  Simulation results

We first check the sensitivity of the model by setting 
all parameters to increase/decrease by 1%, 5%, and 
10%. The results show that the model is robust to small 
deviations in the parameter values (Table 1). Across 
the parameter sensitivity tests, the maximum deviation 
in the projection of the main endogenous variables is 
less than 5%.

Table 1  Sensitivity check of the 
baseline control scenario for the 
world maize supply–demand 
model

Deviation in world 
maize price in 2030

Deviation in China’s 
maize production in 
2030

Deviation in China’s 
maize demand in 
2030

All parameters increase by 1% 0% 0% 0%
All parameters increase by 5% 0% 1% 1%
All parameters increase by 10% − 1% 1% 1%
All parameters decrease by 1% 0% 0% 0%
All parameters decrease by 5% 0% − 1% − 2%
All parameters decrease by 10% − 2% − 2% − 5%

Table 2  Simulation results for the world maize supply–demand model: baseline scenarios

2016 2030 2030 2030 2030
Base year Baseline control Baseline treatment Diff. Diff. (%)

(1) (2) (3) (4) = (3)−(2) (5) = (4)/(2)

Maize
 World price index 100 170 178 8 5
 -CHINA
 -Producer price index 100 172 181 9 5
 -Consumer price index 100 170 178 8 5
 -Production (mmt) 264 307 309 2 1
 -Area planted (million HA) 44 46 46 0 1
 -Domestic demand (mmt) 267 314 335 21 7
 -Food demand (mmt) 6 6 6 0 − 1
 -Processing demand (mmt) 61 101 122 21 21
 -PPDD (%) 23 32 36 4 13
 -Feed demand (mmt) 157 194 194 0 0
 -Seed demand (mmt) 1 1 1 0 2
 -Loss (mmt) 11 11 11 0 0
 -Net imports (mmt) 3 7 26 19 256
 -Self-sufficiency ratio (%) 99 98 92 − 6 − 6

Bioethanol
 World price index 100 159 165 6 4
 -CHINA
 -Production (million liters) 9400 11,292 15,088 3796 34
 -Domestic demand (million liters) 9900 12,260 16,370 4110 34
 -Net imports (million liters) 757 968 1282 314 33
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5.1  Baseline scenarios

The baseline scenario projections are shown in Table 2. As 
discussed above, the policy concerning the maize-processing 
industry in China is quite flexible. If the Chinese govern-
ment is concerned about the impact of bioethanol policy 
on food security and issues macrocontrol policies to limit 
the proportion of the processing of the domestic demand 
(PPDD) to 32% (baseline control scenario), China will net 
import 7 mmt of maize in 2030. Furthermore, the world 
maize price index will reach 170 (2016 = 100) in 2030 (col-
umn 2, Table 2).

Specifically, by 2030, the maize-planted area is pro-
jected to reach 46 million hectares, and China will produce 
307 mmt of maize, which is 16% more than the amount in 
the base year (column 1, Table 2). Meanwhile, the yield is 
expected to be 6671 kg/ha in 2030, which is approximately 
12% higher than the yield in 2016 (see “electronic supple-
mentary material 6—simulation results—baseline scenar-
ios”). The results imply that, without further support of yield 
growth, China will import much more maize in the future 
under this scenario. Meanwhile, the domestic and processing 
demands will be 18% and 66%, respectively, greater than 
these demands in the base year.

The world bioethanol price index will be 159 (2016 = 100) 
in 2030. China’s bioethanol production is projected to 
increase from 9400 million liters in 2016 to 11,292 million 

liters in 2030. Meanwhile, the bioethanol demand of China 
will increase to 12,260 million liters in 2030.

Assume that maize processing and the bioethanol indus-
try can be developed freely in China as a result of the bioeth-
anol promotion policy with economic growth proceeding 
normally in the following decade (column 3, Table 2). 
Under the baseline treatment scenario, net imports of maize 
in China will reach 26 mmt in 2030, which is 19 mmt or 
256% higher than that of the baseline control scenario (col-
umns 4 and 5, Table 2). This result implies that China’s 
bioethanol promotion policy would cause China to become 
one of the largest maize-importing countries in the world. 
Meanwhile, the ratio of self-sufficiency would drop to 92% 
in 2030, which is approximately 5% points less than that of 
the baseline control scenario. This indicates that China’s 
policymakers will find it challenging to achieve basic self-
sufficiency in cereal grains.

Furthermore, the world maize price index is estimated to 
increase by 5% in 2030 compared with the price index of the 
baseline control scenario, while the world bioethanol price 
index will increase by 4% in 2030 compared with the price 
index of the baseline control scenario (column 5, Table 2). 
Based on Eqs. 25–29, we calculate the changes in economic 
surplus caused by the price change. The results show that 
an increase in price leads to an increase of 3% in overall 
economic surplus. It indicates that the development of the 
bioethanol industry is expected to benefit the economy.

Fig. 2  World price indexes of maize and bioethanol in 2030
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On the production side, the planted area in China would 
be 1% higher than that of the baseline control scenario. On 
the demand side, the fast growth of bioethanol will result in 
a rapid increase in the processing demand. Without a limi-
tation policy, China’s bioethanol production will be 15,088 
million liters in 2030, which is 34% higher than that of the 
baseline control scenario. As a result, the maize processing 
demand in 2030 is 21% higher than that of the baseline con-
trol scenario. The ratio of the processing demand to domes-
tic production will increase to 36% in 2030. These results 
imply that China's bioethanol promotion policy will boost 
the processing demand of maize and that maize will become 
a crucial feedstock for the energy industry in China.

5.2  High scenarios

In high scenarios, the simulated results show that the world 
maize price index and world bioethanol price index in 2030 
are projected to be much higher than those of the base-
line scenarios (Fig. 2). China’s net import of maize will 
increase to 55–64 mmt in 2030 (columns 2 and 3, Table 3). 
The boost in net imports comes from the faster increase in 
maize demand. Moreover, the ratio of the self-sufficiency of 

maize in China will drop to 84–86% in 2030 (columns 2 and 
3, Table 3). It is a signal that production growth could not 
match demand growth, and China won’t be able to achieve 
its policy objective of ensuring basic self-sufficiency in cere-
als, if the government stock could not be released to the 
market. However, we use the high scenarios to present a 
potential upper limit of China’s net import of maize because 
it is difficult to make all exogenous variables grow one per-
centage point faster annually in the real world.

Under high-speed growth, the impacts of China’s bioetha-
nol policy on maize markets can be drawn from the differ-
ences between the results of the high treatment scenario and 
high control scenario (columns 4 and 5, Table 3). In the high 
treatment scenario, the world maize price index and world 
bioethanol price index in 2030 are projected to be 2% higher 
than those of the high control scenario (column 5, Table 3). 
Moreover, the ratio of the self-sufficiency of maize in China 
will be 2% point lower than that of the high control scenario 
in 2030. In 2030, China’s maize production and domestic 
demand will reach 331 and 394 mmt, respectively, which are 
1 mmt and 9 mmt higher, respectively, than the results in the 
high control scenario. In terms of demand, China’s process-
ing demand for maize will be 8% higher in 2030 than in the 

Table 3  Simulation results for 
the world maize supply–demand 
model: high scenarios

Full results can be found in the “electronic supplementary material 7—simulation results—high and low 
scenarios”

2016 2030 2030 2030 2030
Base year High control High treatment Diff. Diff. (%)

(1) (2) (3) (4) = (3)−(2) (5) = (4)/(2)

Maize
 World price index 100 311 317 6 2
 -CHINA
 -Producer price index 100 319 325 6 2
 -Consumer price index 100 311 317 6 2
 -Production (mmt) 264 330 331 1 0
 -Area planted (million HA) 44 49 50 1 0
 -Domestic demand (mmt) 267 385 394 9 2
 -Food demand (mmt) 6 6 6 0 0
 -Processing demand (mmt) 61 124 133 9 8
 -PPDD (%) 23 32 34 2 5
 -Feed demand (mmt) 157 243 243 0 0
 -Seed demand (mmt) 1 1 1 0 1
 -Loss (mmt) 11 11 11 0 0
 -Net imports (mmt) 3 55 64 9 15
 -Self-sufficiency ratio (%) 99 86 84 − 2 − 2

Bioethanol
 World price index 100 267 271 4 2
 -CHINA
 -Production (million liters) 9400 13,640 13,583 − 57 0
 -Domestic demand (million liters) 9900 14,913 14,854 − 59 0
 -Net imports (million liters) 757 1272 1272 0 0
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high control scenario, but bioethanol production will be 57 
million liters less in 2030 than in the high control scenario. 
The results indicate that if there is no limitation on PPDD, 
the maize processing industry would like to develop much 
faster than the maize-to-ethanol industry under high-speed 
growth.

5.3  Low scenarios

Low scenario simulations indicate that the world maize price 
index and the world bioethanol price index in 2030 will be sig-
nificantly lower than those of baseline scenarios (Fig. 2). China 
is likely to be a net exporter by 2030, with its net exports esti-
mated to be between 2 and 30 mmt (columns 2 and 3, Table 4). 
Furthermore, it is estimated that China’s self-sufficiency in 
maize is expected to reach 101–112% 100% by 2030 (col-
umns 2 and 3, Table 4). The results indicate that if the world 
and China decelerate their development engines, China could 
ensure food security. Likewise, the low scenarios are used as a 

potential lower limit to China’s net import of maize because it 
may be difficult in the real world to make all exogenous vari-
ables increase one percentage point less annually.

The differences between the results of the low treatment and 
low control scenarios provide information about the impact 
of China’s bioethanol policy on maize markets under low-
speed growth (columns 4 and 5, Table 4). According to the 
low treatment scenario, the world maize price index and the 
world bioethanol price index in 2030 are expected to be 8% 
and 7% higher than those in the low control scenario, respec-
tively (column 5, Table 4). By 2030, China’s maize produc-
tion and domestic demand will reach 285 mmt and 284 mmt, 
respectively, which represents a 1% and 13% increase from the 
results in the low control scenario. China’s processing demand 
for maize is projected to be 40% higher in 2030 than in the 
low control scenario, but its bioethanol output is projected to 
be 2% lower in 2030 than in the low control scenario. Results 
indicate that if PPDD were not restricted, the maize processing 
industry would probably develop more rapidly than the maize-
to-ethanol sector under low-speed growth.

Table 4  Simulation results for 
the world maize supply–demand 
model: low scenarios

Full results can be found in the “electronic supplementary material 7—simulation results—high and low 
scenarios”

2016 2030 2030 2030 2030
Base year Low control Low treatment Diff. Diff. (%)

(1) (2) (3) (4) = (3)−(2) (5) = (4)/(2)

Maize
 World price index 100 87 94 7 8
 -CHINA
 -Producer price index 100 86 94 8 9
 -Consumer price index 100 87 94 7 8
 -Production (mmt) 264 282 285 3 1
 -Area planted (million HA) 44 42 43 1 1
 -Domestic demand (mmt) 267 251 284 33 13
 -Food demand (mmt) 6 6 6 0 − 1
 -Processing demand (mmt) 61 81 113 32 40
 -PPDD (%) 23 32 40 8 24
 -Feed demand (mmt) 157 152 152 0 0
 -Seed demand (mmt) 1 1 1 0 3
 -Loss (mmt) 11 11 11 0 0
 -Net imports (mmt) 3 − 30 − 2 28 − 95
 -Self-sufficiency ratio (%) 99 112 101 − 11 − 10

Bioethanol
 World price index 100 90 96 6 7
 -CHINA
 -Production (million liters) 9400 17,321 16,991 − 330 − 2
 -Domestic demand (million liters) 9900 18,569 18,248 − 321 − 2
 -Net imports (million liters) 757 1248 1257 9 1
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6  Discussion

The projections show that if the global economy grows 
at a normal or high speed, China will import much more 
maize in the next decade. Considering the bioethanol 
promotion policy, the quantity of maize imports in China 
might increase from 3  mmt in 2016 to 26–64  mmt in 
2030. Thus, China would likely become one of the largest 
maize-importing countries in the world and maize would 
become the second largest imported grain crop in China 
after soybean. However, under low-speed growth, China 
could become a net exporter of maize.

The quantity of soybean imports in China has increased 
from 10 mmt in 2000 to 100 mmt in 2020 due to the rapid 
growth in livestock production. However, the international 
soybean market has remained stable since the United 
States, Brazil, and Argentina can produce enough soy-
beans to meet the demand from China. Similarly, the world 
market and domestic policy tools could ensure China’s 
increasing import demand for maize. In our simulations, 
China’s import demand for maize can be satisfied. The 
major maize-exporting counties have sufficient potential 
to expand maize production and export. Under baseline 
control and treatment scenarios, the United States, Bra-
zil, Argentina, and Ukraine are expected to export 88–95 
mmt, 20–21 mmt, 14–16 mmt, and approximately 28 mmt, 
respectively (Table 5). Additionally, by issuing adminis-
trative orders, Chinese policymakers have an effective 
tool for preventing maize processing from developing too 
quickly, which will help limit bioethanol production when 
the ratio of self-sufficiency crosses the chosen tolerance 
level.

We further designed two extra scenarios to simulate 
extreme situations. We first set a baseline E10 scenario 
assuming that the macroeconomy grows at a normal level 

Table 5  Maize imports and exports of major counties in 2030

Scenarios Net imports Net exports

China USA Brazil Argentina Ukraine

Baseline control 7 88 20 14 28
Baseline treatment 26 95 21 16 28
High control 55 126 22 20 25
High treatment 64 129 23 21 25

Table 6  Simulation results for the world maize supply–demand model: E10 scenario

Full results can be found in the “electronic supplementary material 6—simulation results—baseline scenarios”

2016 2030 2030 2030 2030
Base year Baseline control Baseline E10 Diff. Diff. (%)

(1) (2) (3) (4) = (3)−(2) (5) = (4)/(2)

Maize
 World price index 100 178 205 28 16
 -CHINA
 -Producer price index 100 181 209 29 16
 -Consumer price index 100 178 205 28 16
 -Production (mmt) 264 309 316 7 2
 -Area planted (million HA) 44 46 47 1 2
 -Domestic demand (mmt) 267 335 404 69 21
 -Food demand (mmt) 6 6 6 0 − 2
 -Processing demand (mmt) 61 122 191 69 57
 -PPDD (%) 23 36 47 11 30
 -Feed demand (mmt) 157 194 194 0 0
 -Seed demand (mmt) 1 1 1 0 5
 -Loss (mmt) 11 11 11 0 0
 -Net imports (mmt) 3 26 88 62 237
 -Self-sufficiency ratio (%) 99 92 78 − 14 − 15

Bioethanol
 World price index 100 165 184 19 12
 -CHINA
 -Production (million liters) 9400 15,088 44,582 29,494 196
 -Domestic demand (million liters) 9900 16,370 45,121 28,751 176
 -Net imports (million liters) 757 1282 538 − 744 − 58
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and that the bioethanol industry can be developed freely. 
China’s production of bioethanol in 2030 can meet the 
demand for nationwide use of E10. According to Feng et al. 
(2019), gasoline demand in China will reach 356.4 mmt in 
2030. Thus, the demand for bioethanol will be 35.6 mmt 
or 44,551 million liters in 2030. Since China’s imports 
of bioethanol remain at approximately 800 million liters 
(OECD/FAO, 2021), we assume that China’s domestic pro-
duction of bioethanol will meet the demand, and 70% of the 
feedstock of China’s bioethanol is maize.

China’s production of bioethanol in 2030 will reach 
44,582 million liters to meet the demand of nationwide use 
of E10 (columns 3, Table 6), which is 196% higher than 
that of the baseline control scenario. The simulation results 
in Table 6 show that the world maize price index will be 
16% higher than that of the baseline control scenario, while 
the world bioethanol price index will be 12% higher. The 
increase in China’s production of bioethanol has led to the 
rapid development of the maize processing industry. By 
2030, China’s maize processing demand will be 191 mmt, 

and the PPDD will increase to 47%. As a result, China’s net 
import of maize will reach 88 mmt in 2030, and the ratio 
of self-sufficiency will drop to 78%. The results imply that 
the nationwide use of E10 in China would have a negative 
impact on food security.

Then, based on the baseline treatment scenario, we esti-
mate the range of China’s bioethanol production due to the 
volatility of crude oil price and GDP per capita (Fig. 3). On 
the one hand, if crude oil prices in 2030 increase by 100% 
based on the baseline treatment scenario, the world maize 
price index will be 2% higher than that of the baseline treat-
ment scenario, and the world bioethanol price index will 
be 7% lower than that of the baseline treatment scenario. 
Therefore, China’s bioethanol production will decrease by 
18% compared with the results of the baseline treatment sce-
nario. On the other hand, if GDP per capita in 2030 increases 
by 100% based on the baseline treatment scenario, the world 
maize price index and world bioethanol price index will be 
35% and 59% higher than those of the baseline treatment 
scenario.

Fig. 3  World price indexes 
of maize and bioethanol in 
2030 under volatility of crude 
oil price and GDP per capita. 
Notes: full results can be found 
in the “electronic supplemen-
tary material 6—simulation 
results—baseline scenarios”

Table 7  Comparison of 
simulation results across recent 
studies

Source Target year Revised statisti-
cal data

Scenario Net imports 
(million 
tons)

Furuhashi (2015) 2024 No Baseline 9
Xu et al. (2015) 2024 No 4
Lu et al. (2017) 2025 No Baseline 12
Huang et al. (2017) 2025 No 20
PRIMAFF (2021) 2030 YES 10
OECD/FAO (2021)) 2030 Yes 7
USDA (2021a) 2030/2031 Yes 7
This study 2030 Yes Baseline control 7
This study 2030 Yes Baseline treatment 26
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Compared with previous studies, the simulation results 
of net imports in this paper (under the baseline control sce-
nario) are similar to those of OECD/FAO (2021) and USDA 
(2021a). The figure would not exceed China’s 7.2 mmt tariff 
rate quota. However, the simulation results from Lu et al. 
(2017), Huang et al. (2017), and PRIMAFF (2021) are larger 
than 7.2 mmt. Huang et al. (2017) indicated that other stud-
ies might underestimate feed demand because they do not 
fully consider the rapid growth of maize used for process-
ing, and they overestimate the gain from livestock feeding 
efficiency.

In 2017, the NBSC revised the statistical data for agri-
culture after 2007 according to the results of the Third 
National Agricultural Census and international practices. 
For example, maize production in 2016 was 219.6 mmt, 
according to the China Statistical Yearbook 2017. How-
ever, such data were revised to 263.6 mmt in the China 
Statistical Yearbook 2018. Based on the revised statistical 
data, our balance sheet is different from Xu et al. (2015), 
Lu et al. (2017), and Huang et al. (2017), which brings 
our forecast results closer to reality (Table 7).

However, as shown in our study, China’s net imports 
of maize in 2030 will reach 26 mmt if the maize pro-
cessing industry can develop freely. Since organizations, 
e.g., OECD/FAO, USDA, and PRIMAFF, mainly focus 
on baseline projection rather than scenario simulation, 
they assume that the policy will be stable in the future. 
Furthermore, since organizations publish projections 
annually, they can update the basic policy assumption 
accordingly when a new policy is issued. This study pro-
vides eight scenarios to simulate the possible impacts of 
China’s bioethanol policy, which is our main contribution.

Moreover, China’s maize market changed rapidly in 
2020. As a short-term analysis reported by the (USDA, 
2021b), China imported 26 mmt of maize in 2020/2021, 
which is 18  mmt higher than that in 2019/2020. The 
change, however, is a temporary phenomenon. First, 
China rebuilt and restructured its pig herd in 2020 after 
the African swine fever outbreak (OECD/FAO, 2021). 
Second, China increased for U.S. agricultural products 
after signing the Phase One agreement (USDA, 2021a). 
Third, imported maize was used for restocking in response 
to the impact of the COVID-19 epidemic, because China 
depleted its maize stock after five years of auction sales 
(USDA, 2021a). Thus, the long-term projections from the 
OECD/FAO (2021) and USDA (2021a) show that China’s 
maize imports will return to normal after 2022.

Finally, there are still some limitations in this study 
due to the construction of a PE model with two sectors. 
The PE model only analyzes changes in the producer sur-
plus and consumer surplus in a simple way whereas it 
is difficult to simulate the income effects and impacts 
of China’s bioethanol policy on livestock products, food 

grains, and other coarse grains with this model (Huang 
et al., 2012b; Thornhill et al., 2016). This study, however, 
could only analyze the changes in producer surplus and 
consumer surplus in a simple way. It is suggested that 
future studies could focus on building a PE model with 
more sectors and a CGE model to investigate the impact 
of China’s bioethanol policy on income and welfare. Fur-
thermore, it is difficult to capture all the factors that affect 
the maize and bioethanol markets by our model. Further 
research may consider a variety of factors, including the 
development of new energy vehicles, exchange rates and 
other financial factors, stock variation, international rela-
tions, and increased fuel efficiency.

7  Conclusion and policy implications

This paper provides a multicountry and multisector PE 
model to simulate the effect of the bioethanol policy of China 
on the global maize market. The following conclusions and 
policy implications are derived from the projections.

First, under normal macroeconomic conditions, China’s 
maize self-sufficiency ratio would decline from 98 to 92% 
by 2030 due to the bioethanol promotion policy. In the event 
of extreme macroeconomic growth, China’s self-sufficiency 
in maize would drop to 84%. Given the Chinese govern-
ment’s target of ensuring basic self-sufficiency of cereals, 
a self-sufficiency ratio of 92% to 84% would be viewed as 
challenging. Based on the scenario analysis, the Chinese 
government should take measures in advance to prepare for 
large-scale maize imports and to improve domestic maize 
productivity.

Second, under a bioethanol promotion policy, China 
could become one of the largest maize-importing coun-
tries worldwide. If the macroeconomy grows at a normal 
level, the net imports of maize in China will reach 26 mmt 
in 2030. Meanwhile, major maize-exporting countries such 
as the United States, Brazil, Argentina, and Ukraine have 
the potential to expand their maize production and exports 
to meet China's import demand for maize. In this regard, 
we recommend that the Chinese government adjust its strat-
egy in order to make better use of the international market. 
Furthermore, international trade and stock cooperation with 
maize import regions and countries should be strengthened.

Third, compared with the baseline control scenario, the 
bioethanol promotion policy of China could increase the 
world maize price index by 5% and the world bioethanol 
price index by 4%. Thus, the international maize market 
could be influenced significantly by China’s bioethanol 
promotion policy. Nevertheless, an increase in the price of 
maize and bioethanol could impact the prices of different 
food grains and livestock products. It is crucial to imple-
ment a long-term and stable bioethanol development policy 

160 X. Han et al.



1 3

to ensure food security as well as protect the interests of 
stakeholders in the maize industry.
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