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� China owns large quantity of crop residues to develop the renewable energy.
� Priority of using crop residues should be different across provinces.
� Policy supports are critical for the existence of power generation plant.
� Important to increase power generation efficiency and lower the cost of feedstock.
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China’s energy needs and its environment are facing great challenges because of the country’s rapid
urbanization and industrialization. It is China’s strategic choice to exploit renewable energy to guarantee
its energy security and reduce CO2 emissions. Crop residue has been identified and targeted by the Chi-
nese government as a promising renewable energy resource. The purposes of this study are to investigate
the potential supply of crop residue nationally and regionally, the vertical value chain from the field to
final usage of these crop residues, as well as to conduct cost-benefit analysis on power plant-based crop
residue. Our results show that the large amount of crop residue in China has great potential to meet the
country’s demand for renewable energy. Crop residues, however, are distributed unequally across
regions. Therefore the use of crop residues to produce energy should be different across provinces, espe-
cially with respect to large power generation plants. Government supports right now are critical for
power plants based on crop residue to survive. Based on our findings, it is suggested that China should
attach more importance to technology innovation and creative policy reforms to improve the overall effi-
ciency of the industry and reduce the cost of feedstock.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

China is confronting severe challenges to meet its rapidly
increasing demand for energy. It is well known that over the past
several decades China has experienced remarkable economic
growth. The annual growth rate of gross domestic product (GDP)
reached 10.4% between 1979 and 2010 [1]. Along with the rapid eco-
nomic growth, China’s energy consumption rose significantly,
increasing annually by 9.1% during 1992–2010, which was much
faster than the world average of 2.6% [2]. Although great efforts have
been made to improve China’s domestic energy supply by carrying
out market-oriented reforms and promoting production efficiency,
China became a net energy importer in 1992 and even then its en-
ergy deficit continued to rise rapidly [1]. The dependence on foreign
trade of petroleum and natural gas has exceeded 55% and 24%
respectively in 2011 [3]. Exploiting new energy sources has become
a strategic choice for China in order to secure a reliable energy sup-
ply and maintain its high economic growth [4–7].

Meanwhile, China must deal with a deteriorating environment
and face the rising pressure to reduce its carbon dioxide (CO2)
emission. China’s energy consumption is dominated by coal,
accounting for 70.5% of total primary energy consumed in 2010
[2]. The use of coal has dropped continuously in recent years [3].
Despite that, because the combustion of coal is the main source
of pollution and CO2 emission, China surpassed the USA in 2005
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and now contributes more CO2 emissions than any other country
in the world [8]. The severe and worsening environmental prob-
lems in China and increasing pressure worldwide to reduce CO2

emissions precludes China from following previous conventional
development patterns and suggests that China should make it a
priority to develop and use clean energies [9,10].

Crop residues have proved to be one of the most promising
clean energy resources for energy supply in China [11,12]. A large
amount of crop residues are available in China [13,14] and the sup-
ply is expected to keep rising in the future as agricultural produc-
tion increases [15,16]. Moreover, the significance of power
generation from crop residues is not just as an energy supplement.
It has great potential to increase farmers’ incomes and resolve the
serious air pollution caused by burning crop residues in the open
field [17,18]. The development of biomass energy has attracted
attention both by energy industrialists and policymakers in China.
The bio-energy from crop residues has been targeted in the Twelfth
Five-Year Plan for national economic and social development.

Researchers have become interested in analyzing the potential
use of crop residues and other biomaterials in China because of
the country’s energy shortage and widespread concerns about
environmental issues. While the estimates vary among studies, it
is agreed that large amounts of crop residues are available for en-
ergy production in China [13,14,19–21]. For example, Shi esti-
mated that in 2007 about 704 million tons of crop residues were
available based on 9 crops1 [13]. The estimate would increase to
840 million tons when herbs and vegetables were further considered
[14]. Furthermore, the use of bio-energy in China could lead to a
more efficient use of marginal lands to expand agricultural produc-
tion [13]. However, the development of bio-energy based on crop
or crop residue should be region specific because the supply of agri-
cultural residues is spatially heterogeneous [12,21,22].

Despite the large volume of crop residue in China, the outlook
for bio-energy is far from optimistic because of high production
costs [18,23,24]. For example, Yu and Tao conducted several case
studies by using the 3E Life Cycle Assessment (LCA) approach to
evaluate the efficiencies of several biomass-based fuel ethanol pro-
jects in China. They concluded the ethanol production based on
wheat and corn is not economically viable and second-generation
biofuel is even less so [18]. Even with high subsidies, the power
plants based on crop residues could not compete with their con-
ventional counterparts [23,24].

Given the importance, potential future prospects and many
controversial issues, the development of bio-energy based on crop
residue in China needs deeper and more systematic study to ad-
dress development problems, efficient strategies and needed policy
supports. Current literature mainly focuses on the availability of
crop residues in China. Few studies analyze key factors undermin-
ing development. A number of questions remain unanswered. For
example, how will the spatial heterogeneity of resources among
provinces influence the capacity of power generation? How will
it be affected by storage and transportation costs? What are the
benefit and cost comparisons of biomass power plants? What are
the main constraints and challenges of the development of biomass
power plants? Answering these questions has important policy
implications for sustainable agricultural and renewable energy
economies in China.

The study seeks to determine what key elements affect the
development of power generation from crop residues and what
technologies and policies would be most effective. To meet our
objectives, the paper is organized as follows: Section 2 estimates
the potential availability of crops residues nationally and region-
1 It includes rice, wheat, maize, other grains, beans, tuber crops, oilseeds, cotton
and sugar cane.
ally; Section 3 describes the value chains of supplying crop-derived
biomass from the crop field to power generation plants; Section 4
uses cost-benefit analysis and sensitivity analysis to highlight key
points related to the development of power generation plants from
crop residues; and Section 5 provides research conclusions and
suggests policy implications.
2. The potential of crop residues used for biomass energy

The availability of substantial crop residues provides important
opportunities for China to develop biomass energy. Since no official
statistics exist on the crop residues and their coal equivalent, Chi-
na’s biomass potential can be estimated from the crop output in
two steps. First, the amount of crop residue is estimated by trans-
forming the crop output weighted by residue ratio for each of crops
[11,12]. Second, there is evidence that crop residue is discounted
depending on the crop because of different collection costs, which
are measured by the collection ratio of residue and which vary by
10% across crops from 0.80 for yam to 0.90 for cotton (Table 1). This
suggests that the previous estimation of Chinese biomass resources
without taking the collection residue ratio into consideration will
overestimate the biomass potential [28].

Using the above procedures, the calculated potential of crop res-
idue in China is shown in Table 1. This approach shows 729 million
tons of crop residues produced in China in 2010, an estimate that is
similar to those produced by Shi [13], Wang and Zhang [19] and
Zhang et al. [21]. This amount of crop residue is equivalent in terms
of energy content to 364.39 mmt standard coal (Table 1).

The energy stored within agricultural residue is potentially an
important resource to increase the energy supply in China. Fig. 1
presents the potential biomass of coal equivalent and coal con-
sumption in the past three decades. Chinese biomass potential is
substantial given that the coal equivalent of biomass increased at
the annual growth rate of 2.7% from 1978 to 2010 [1]. As discussed
previously, this growth rate is expected to be stable and may even
increase in the future [29]. While the ratio of potential energy from
crop residues to total energy consumption dropped a little bit as
the higher growth of energy consumption in 1978–2010, the bio-
mass in China could still supply a large amount of energy, account-
ing for 11.3% of total energy consumption in 2010 (Fig. 1).

The output and distribution of crop residues, which is highly
correlated with crop production structure and cropping intensity,
is geographically heterogeneous both across and within provinces
[26,30]. As shown in Panel A of Fig. 2, crop residues are mainly con-
centrated in regions of Northeast (Heilongjiang, Jilin, Inner Mongo-
lia), Central (Hebei, Henan, Shandong, Jiangsu, Anhui and Hubei)
and Southwest (Sichuan) China. Interestingly, it is found that many
severe energy-deficit regions overlap with regions which have a
rich supply of crop residues. As shown in Panel B of Fig. 2, there
is an energy shortage in the Eastern and Southern coastal areas
(i.e., Hebei, Shandong, Zhejiang, Jiangsu, Fujian and Guangdong)
as well as in the Central area (Hubei and Hunan) and in Southwest
area (Sichuan) [1,31]. There are obvious overlaps in regions of He-
bei, Shandong, Jiangsu, Hubei and Sichuan. No doubt, the bio-en-
ergy development provides opportunities both to alleviate the
energy deficit and increase farmers’ incomes in those regions. Re-
gions in Northeast China with plenty of crop residue and a bal-
anced supply and demand for energy still could increase their
energy production to mitigate the overall energy-deficit situation
for the entire country.
3. The vertical value chain from field to power generation

This section will analyze the vertical value chain of crop
residues from field to power generation plants. The entire chain
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consists of a number of consecutive stages and one or more inde-
pendent agents at any stage. As shown in Fig. 3, the power gener-
ation plants are defined as down-stream. The middle-stream
includes agents or firms responsible for crop residue collection,
transportation, storage and solidifying them into an energy re-
source. The up-stream consists of rural households with tiny plots
of land of about 0.14 hectare per household scattered on the frag-
mented plots. The small size makes the crop straw collection, stor-
age and transportation very expensive in China [27,32–34].
Therefore, the power generation industry from crop residues can
be characterized as an inverted-pyramidal-hierarchic strategic net-
work. Such networks have a local firm that is expected to manage
the system in order to realize its targeted output.

3.1. The modes of collection

Three parallel modes emerged in the collection of crop residues
from households or farms (Fig. 3). One is an agent or firm which
specializes in collecting crop residues either directly from the field
or supplied by households or farms. These residues are then deliv-
ered to the middle-stream firms or directly to power generation
plants. It is noted that very few of the agents and firms have ware-
houses suitable for storing crop residues in China [35]. A second
mode includes power generation plants that are set up as collec-
tion branches, normally in a circle of 30–50 km around the plants
[36,37] where households or farmers deliver their crop residues.
The third includes power generation plants that contract with
households or farms to harvest crops like rice, wheat and corn,
then send the useable output to the households or farms and the
crop residues to power generation warehouses. However, this
mode is not found in the major crop producing regions where
mechanization is possible.

3.2. The storage

One of the major constraints that limit the effective use of crop
residues is the storage cost due to the seasonal and spatial distribu-
tion of crops residues [33,35]. Crop residues that are characterized
as loose and low density need a certain size of open area or ware-
house to store. Generally, only power generation plants have the
storage condition to meet the demand of biomass resources for
at least 5–7 days. In China, the building and maintenance of these
Table 1
Crop production, potential residues and biomass fuel potential at coal equivalent in China

Crops Productiona

(mmt)
Residue/crop
ratiob

Output
residues (mmt)

Collection
residue ratioc

Pot
resi

(1) (2) (3)e (4) (5)f

Rice 195.76 1.1 215.34 0.83 178
Wheat 115.18 1.1 126.70 0.83 105
Maize 177.25 2.0 354.49 0.83 294
Beans 18.97 2.0 37.93 0.88 33.
Yam 31.14 1.2 37.37 0.80 29.
Cotton 5.96 3.0 17.88 0.90 16.
Oilseeds

crops
32.30 3.0 17.88 0.85 61.

Sugar
crops

120.09 0.1 12.01 0.88 10.

Total 696.64 – 819.60 – 729

a Calculated based on [25].
b Residue/crop ratio (column 3) is obtained from [26].
c Collection residue ratio (column 4) is obtained from [12].
d Ratio of coal equivalent (column 7) is obtained from [27].
e Column (3) = (1)*(2).
f Column (5) = (3)*(4).
g Column (7) = (2)*(4)*(6).
h Column (8) = (5)*(6).
warehouses by Chinese smallholders are constrained by credit and
land [34,35].

3.3. Solidifying crops residues into energy resource

The conversion of crop residues into biomass for power gener-
ation has developed rapidly in China and is defined as the biomass
solidification technology, which is one of the universal and effec-
tive technologies for bio-energy utilization [38,39]. Under the right
temperature and pressure, the pieces of crop residues are solidified
into solid biomass fuel with certain shape and density through a
process of drying and grinding. Biomass solidification technologies
applied in China include screw extrusion, the piston stamping,
molding, rolling and fiber grinding technologies. Crop residues will
be compressed into lignin pellet fuel or briquettes in about 1/6–1/8
of its original volume and the density of 1.1–1.4 t/m3, which is
equal to mid-quality coal and suitable for use both by power
generation plants and households. Within the Medium- and
Long-term Program of Developing Renewable Energy (MLPDR)
implemented by National Development and Reform Commission
(NDRC) in 2007, the industry of solidifying crops residues into
energy resource is highly recommended. By 2020, the annual sup-
ply of solid biomass fuel will increase 50 times to 50 mmt from the
level of 1 mmt in 2010 and zero in 2005 [40].

3.4. Power generation from solidified crop residues

Power generated from solidified crop residues is achieved
through three technologies: direct combustion, mixed fuel and
gasification, of which the first two are commercialized in China.
The energy conversion process could be simplified as:

Chemical energy! Heat!Mechanical energy! Power

Stage one combusts the lignin pellet fuel or briquettes solidified
from crop residues in the boiler to convert chemical energy into
heat energy. In stage two of converting heat to mechanical energy,
through a process of high temperature and pressure, the saturated
steam is pressed into a steam turbine to drive the rotation of
turbine-generator unit. Finally, the power generator converts
mechanical energy into power. Several specific technologies are
involved in the energy conversion process. Any innovation related
in 2010.

ential collection of
dues (mmt)

Ratio of coal
equivalent

Coal
efficiency d

Energy from crop
residue (mmt)

(6) (7)g (8)h

.73 0.43 0.39 76.68

.16 0.50 0.46 52.58

.23 0.53 0.88 155.65
38 0.54 0.95 18.13
90 0.49 0.47 14.53
10 0.54 1.46 8.74
45 0.53 1.35 32.51

57 0.53 0.05 5.59

.50 – – 364.39



Panel B: The gap between energy consumption 
and production (10 thousand tons)  

Panel A: Coal equivalent a (10 thousand 
tons) of crop residues in China 

Fig. 1. Spatial distribution of coal equivalent of crop residue, the gap between energy demand and supply, coal production by province in 2010. a– Crop residues at coal
equivalent are calculated by the potential collection of crop residues multiply ratio of its coal equivalent. The crops included and calculated procedures are exactly same to
Table 1. Source: China agricultural Statistics Yearbook [25], China Energy Statistics Yearbook [27].

Fig. 2. The trend of potential biomass resources at coal equivalent, energy demand and supply from 1978 to 2010. Source: China agricultural Statistics Yearbook [25], China
Energy Statistics Yearbooks [27]
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to these technologies will improve the overall efficiency and
affect the development of power generation from crop residues
in China.

Although China has launched three pilot projects of crop straw
biomass power generation since 2003, much later than in most of
the developed countries, this industry has developed rapidly with
preferential policy support on investment, subsidy and tax reduc-
tion [31,36]. The first power generation plant where power was
generated completely from crop residues was officially approved
by NDRC in Jinzhou country of Hebei province. The total invest-
ment was 260 million RMB (41.2 million US$) and electricity of
130 mm kW h supplied annually after construction [40]. According
to the MLPDR, 200 billion RMB (or about 31.67 billion US$) were
appropriated to improve the capacity of biomass power generation
by China’s local governments. Meanwhile, the subsidy was tied to
the price of electricity on the grid for 15 years from the commer-
cialization of biomass power generation plant at 0.25 RMB/kW h
(0.04 US$/kW h). The price of electricity including tax generated
from crop residues is 0.75 RMB/kW h (0.12 US$/kW h), much high-
er than that from traditional coal (0.35–0.45 RMB/kW h) [41].

Table 2 tabulates the capacity installment of power generation
plants by 2009 by province. It is noted that the numbers reported
in the table only include those which were in operation in 2009
and obtained subsidies on the electricity price from the govern-
ment [31]. By 2009, less than half of China’s provinces had built
biomass power generation plants based on feedstock of crop resi-
dues. The total installed capacity is 1193 MW. As shown in Fig. 4,
more than half of the enterprises have capacity of over 20 MW.
Four major agricultural producing provinces (Jiangsu, Shandong,
Henan and Heilongjiang) are leading in both the number of the
plants and the installed capacity.

4. Cost-benefit analysis of biomass power generation

Many studies have shown that the suitable scale of biomass
power plant in China should be between 20 MW and 60 MW
[42]. As shown in Table 2, the average capacity of power plants in-
stalled in provinces is about 24 MW or smaller. Therefore, this
study uses the 24 MW power plant as representative to carry out
a cost-benefit analysis and emphasize the key factors influencing
the profitability.

According to the China Electricity Industry Annual Report 2010,
about 65 million RMB (or about 10.3 million US$) is required to
construct a steam power generation plant on the scale of 24 MW.
As shown in Table 3, excluding the 13% internal utilization, it could
provide 114.8 TW h power for sale [42]. Many similar studies have



Planting 

Farmer 

Straw Purchase 

 Station 

Residue Electric 

Electric Power plant 

Straw Process 

Factory 

Fig. 3. Illustrating the vertical chain of crop residues from the field to power
generation plants. r Farmers directly sell the straws to power generation
industries; s Power generation plants collect crop straws from farmers through
straw collection stations they set up in different regions; t Straw processing
corporations collect crop straws from farmers, processed them and then sell to
power generation industries; u The straw processing corporation sell the processed
energy resource to famers; v Power generation industries use solidified crop
residues to generate electricity; w The by-product from electricity generated from
crop residues in the process of electric generation; x Electricity is sent to farmers;
y The residues from the process of electricity generation can be used as fertilizer by
farmers.
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indicated the power generation efficiency of power plant scaled at
24 MW is about 18%, equivalent to the conversion ratio of dry crop
residue to electricity of 1.35 kg/kW h [42,43]. Therefore, it is esti-
mated 178.2 thousand tons of dry crop residue are needed, which
costs about 53.5 million RMB (or 8.5 million US$) for feedstock at a
price of 300 RMB/ton (47.5 US$/ton) [34,42], and 15.2 million
(2.4 million US$) for consolidation cost at a price of 85 RMB/ton
(13.5 US$/ton) [44]. When other expenditures (labor cost, capital
depreciation, management and operating cost) are considered,
the total cost per year is about 84.4 million RMB (13.4 million
US$). As shown in column 1 of Table 3, even excluding tax and
the distribution cost, the break-even electricity price is about
0.74 RMB/kW h (0.12 US$/kW h), which is too high to be
competitive with the present electricity price of 0.45 RMB/kW h
Table 2
Tabulating the number of power generation industries by the categories of installed capac

Province Installed capacity (MW)

P30 20–30

Jiangsu 5 5
Shandong 3 3
Henan 1 3
Heilongjiang 1 1
Hubei 0 4
Hebei 0 3
Jilin 1 1
Inner Mongolia 0 1
Hunan 0 0
Anhui 1 1
Xinjiang 0 0
Liaoning 0 0
Zhejiang 0 0
Shanxi 0 0
Total numbera 12 22
Total installed capacity (MW) 366 533

a The numbers of power generation industries from crop residues are those commerc
(0.07 US$/kW h). The power generation plant only has a marginal
profit of 2.0% even under the high supported price of 0.75 RMB/
kW h (0.12 US$/kW h). No doubt, it was impossible for power
plant to survive without government subsidies.

It is critical to improve the power generation efficiency and re-
duce the cost of biomass feedstock in order to enhance the sustain-
able development of power generation plants from crop residue.
According to the above calculation, the production cost is domi-
nated by the cost of crop residue and consolidation, which accounts
for 63.4% and 18% respectively (Table 4). Consequently, the compet-
itiveness would increase remarkably if the cost of feedstock was
effectively reduced. In order to capture the impacts of technology
improvement and cost reduction, a sensitivity analysis, composed
of four alternative scenarios, is developed. As shown in Table 3,
the first is the alternative scenario of higher power generation effi-
ciency, under which the power generation efficiency increases to
28% [42]. The reduction of feedstock cost and consolidation costs
are considered separately in the second and third alternative sce-
narios. The price of crop residue and consolidation drops to 200
yuan/ton and 40 yuan/ton respectively. The combined effects of
the three alternative scenarios are evaluated in the fourth scenario.

As expected, the profitability of power plants based on crop
residues would improve significantly if the new technology was
adopted and the cost of feedstock was reduced. As shown in Ta-
ble 4, the break-even electricity price will drop to 0.62 RMB/
kW h (0.10 US$/kW h) under the scenario of high power genera-
tion efficiency. The profit ratio will rise to 20.0% under the high
supported price of 0.75 RMB/kW h, much higher than 2.0% in the
current situation. Meanwhile, any crop residue price and consoli-
dation reduction will lower the cost of power production signifi-
cantly because of their overwhelming cost shares. With other
costs held constant, the break-even electricity price would drop
to 0.58 RMB/kW h (0.09 US$/kW h) under the scenario of lower
crop residue cost (column 3 of Table 3), to 0.67 RMB/kW h (0.11
US$/kW h) under scenario of lower consolidation cost (column 4
of Table 3). The profit ratios in the two alternative scenarios will
also increase dramatically to 29.2% and 12.7% respectively with
the high supported price of 0.75 RMB/kW h.

Furthermore, if the joint effects of improving power generation
efficiency and lowering cost of feedstock mentioned above are
taken into consideration together, the break-even electricity price
can be reduced to 0.44 RMB/kW h (0.07 US$/kW h), which is even
lower than the present electricity price (0.45 RMB/kW h). In this
case, the profit ratio will rise to 69.8% with the high supported
price of 0.75 RMB/kW h (column 5 of Table 3). It is likely that such
ity and province in 2009. Sources: China price yearbook (NSBC, 2010).

10–20 610 Total Total capacity

3 0 13 317
1 1 8 177
3 1 8 155
5 1 8 118
0 0 4 97
0 0 3 72
1 0 3 67
2 0 3 48
2 0 2 27
0 0 2 55
1 0 1 24
1 0 1 12
1 0 1 12
1 0 1 12

21 3 58 –
276 18 – 1193

ialized and obtained subsidy on the electricity price from government in 2009.



Fig. 4. Capacity (MW) of power generation industries based on crop residues
installed by provinces in 2009. Sources: China price yearbook (NSBC, 2010).
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a high profitability would lead to increased investment in and
quick development of power plants based on crop residues in
China.

5. Conclusions and policy implications

A larger share of the expected growth in energy demand could
be supplied through utilizing agricultural residues to develop
biomass energy in China. China’s energy and environment are fac-
Table 3
Key parameters to affect the production cost of power generation plants based on crop re

Current situation Sensitive analysis

Higher efficiency

Power generation efficiency (%) 18a 28b

Feedstock demand (kg/kW h) 1.35a 1.1b

Price of crop residue 300b -s-
Price of consolidation 85c -s-

Note: -S- means the value same to the correspondence of current situation.
a Estimated by [42,43].
b Estimated by [42].
c Estimated by [44].

Table 4
Cost-benefit analysis of biomass power generation with scale of 24 MW, and sensitive ana

Current situation Sensitive analysis

Higher efficiency

Installed capacity (104 kW) 2.4 2.4
Equipment investment 6500 6500
Utilized hours per year (h) 5500 5500
Electric energy generated (104 kW h) 13,200 13,200
In-plant power consumption rate (%) 0.13 0.13
On-grid electricity (104 kW h) 11,484 11,484
Crop straw consumption (104 ton) 17.82 14.52

Operation costs
Crop residues (freight included) 5346 4356
Crop residues curing costs 1515 1234
Depreciation of fixed assets a 412 412
Management costs b 360 360
Financial costs b 228 228
Operational costs-repairs b 130 130
Other costs b 457 457
Total costs 8448 7177
Break-even price (RMB/kW h) 0.74 0.62
Profit rate (%) 2.0 20.0

a Estimation based on the assumption that the salvage value is 5% of the total investm
b Values based on the estimated by [42,43].
ing great challenges because of urbanization and industrialization.
With its rapid economic growth, China’s primary energy consump-
tion has increased dramatically on average by 8.9% per year in the
past decade. It is the top priority for Chinese government to find
alternative energy to maintain its energy supply. According to
our and previous studies, crop residues could be a promising en-
ergy resource. Even if one accounts for the loss of collection and ex-
cludes the moisture and ash contents, about 729 million tons of
crop straw are available annually, which is equivalent to 364 mil-
lion tons of standard coal. This accounted for about 11.3% of total
primary energy consumption in 2010. While it is not fully dis-
cussed in the paper, the renewable energy generated from crop
residues will definitely contribute to China’s CO2 reduction and
also eliminate serious environmental issues caused by residue di-
rectly burned in open fields [17,18,45].

Although crop residues are one of the promising renewable re-
sources, several critical issues need to be addressed according to
our findings. First, as the spatial distribution of crops residue varies
remarkably, the priority of using agricultural residues as energy re-
sources should be different across provinces, especially for the
large power generation plants. Second, government support is
currently important and is needed for power generation plants to
survive and develop. Our results illustrated that without the sub-
sidy from government, the power plant cannot guarantee the nor-
mal operation due to the high cost of the biomass materials, lower
price of electricity, and higher investment needed for capacity
building.

China should attach more importance to the technology innova-
tion and creative policy reforms related to efficient usage of crop
residue. As analyzed, the production cost is dominated by feed-
sidues (Yuan/ton).

Lower crop residues cost Lower consolidation cost Combined effects

-s- -s- 28
s s 1.1
200 -s- 200
-s- 50 50

lysis with changes of key parameters (10 thousand Yuan).

Lower crop residues cost Lower consolidation cost Combined effects

2.4 2.4 2.4
6500 6500 6500
5500 5500 5500
13,200 13,200 13,200
0.13 0.13 0.13
11,484 11,484 11,484
17.82 17.82 14.52

3564 5346 2904
1515 713 581
412 412 412
360 360 360
228 228 228
130 130 130
457 457 457
6666 7646 5072
0.58 0.67 0.44
29.2 12.7 69.8

ent, and the rest investment will be deprecated over 15 years.
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stock. However, China’s agricultural production is comprised of
millions of small households, which make the collection, delivery
and storage of crop residue not only difficult, but high risk to guar-
antee a stable supply [31,41]. Moreover, no closely coordinated
mechanism is found between farmers and power plants in China.
Therefore, it is critical for China to creatively design new policy
to integrate the interests of all agents to efficiently lower the cost
and uncertainty. Meanwhile, the development of profitable power
plants based crop residue depends on breakthroughs in technol-
ogy. Support policies should be diverted to research and engineer-
ing to create new technologies and more efficient supply chains,
instead of maintaining the existence of current uncompetitive
power plants. Policies should highlight the need for improved tech-
nology and systematic policy reform. Just as in the combined sce-
nario, such improvements and reforms could make the power
plant competitive and more profitable as both the efficiency im-
proves and feedstock costs are reduced.

According to our studies, it is worth noting that several key is-
sues need more intensive study in the future. First, the potential to
improve the efficiency of power plants based on crop residues in
China should be examined systematically with respect to techno-
logical innovation and operational optimization. Second, the inter-
ests of small households and power plants should be analyzed
theoretically and empirically in order to closely integrate them
through policy reforms. Finally, the optimal utilization of the un-
evenly distributed biomass should be addressed nationally and
regionally. Those issues are critical for China to design the proper
policies to support the development of renewable energies indus-
tries, and ultimately realize its strategic goals of maintaining high
energy sufficiency and reducing CO2 emission.
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