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ABSTRACT: In order to promote the development and utilization of renewable energy, improve the energy 
structure, diversify energy supplies, safeguard energy security, protect the environment, and realize the sustainable 
development of the economy and society, the Chinese government is now paying more attention to develop and 
utilizing the renewable energy in China.  
 
The available biomass resources (e.g. straw and crop residues) for energy use in China are abundant. As one 
bioenergy technology, straw-fired cogeneration technology can provide clean energy in rural areas in China. In 
recent years, some investors have shown their interests in developing straw-fired cogeneration plants. Some projects 
are already in the pipeline and the number of projects is expected to increase in the near future. However, there exist 
technical as well as economic barriers hindering the implementation of straw-fired cogeneration projects. These 
barriers include 1) feedstock preparation barrier regarding the straw collection, transportation, treatment and storage 
and less incentives from farmers; 2) some technical and production operation management barriers; 3) over-expected 
market demands; 4) economic barriers; 5) lack of strong policy support, etc.  
 
In this paper, all these barriers have been studied and analyzed. In addition, good management experiences of straw-
fired cogeneration plants from European countries have been reviewed as a comparison with those plants in China 
and based on that, some recommendations have been made to improve the implementation conditions for straw-fired 
cogeneration projects in China. 
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1 INTRODUCTION 
 
Straw fired co-generation projects increase rapidly in 

China. The first straw fired cogeneration plant was taken 
into operation as late as in the end of the year 2006 [1] 
and presently five straw fired cogeneration plants are in 
full operation. A moderate estimate is that more than 50 
projects are under planning. China has a national as well 
as an international pressure to develop the use of 
renewable energy, in particular biomass energy. 

The internal pressures mainly concern energy supply 
security and air pollution issues. China has experienced a 
spectacular economic growth since the adoption of the 
open-policy and the economic reform in the year 1978. 
However, the conventional Chinese path of encouraging 
economic growth is unfortunately at the expense of the 
environment. As a coal dominant country, the heavy coal 
use results in severe air pollution with health risks as one 
consequence. It was reported that 90% of SO2 emissions 
and about 70% the total suspended particles (TSP) 
emitted to the atmosphere are due to coal combustion. As 
a result, several Chinese cities are far from meeting the 
air quality demands and around one-third of the total land 
area is strongly affected by acidification. As economic 
development heavily relies on a sufficient energy supply, 
there are growing concerns regarding the energy supply 
security and limited domestic coal resources. According 
to British Petroleum [2], the present reserves-to-
production ratio (R/P) in China is 52 years to be 
compared with 155 years globally. The internal pressure 
also includes social- and farmer related issues. The 
economic development in most rural areas in China is 
slow. Therefore, it is very common that farmers prefer to 
do temporary work in urban areas instead of the farm 
jobs in order to increase their income.  This has caused 

serious over-populations and resource shortages in the 
cities with water, electricity and other necessities, which 
has been widely reported as a social issue in China.  

The external pressure mainly regards the rapidly 
increasing CO2 emissions. The coal dominating energy 
supply and the rapid economic development have made 
China the second largest CO2 emitter after the United 
States. A recent estimate by IEA [3] shows that the 
Chinese emissions might exceed the US emissions 
already in the year 2008. As a developing country, China 
has no mandatory greenhouse gas emissions target during 
the first commitment period of the years 2008-2012 
under the Kyoto Protocol. Industries in developed 
countries have expressed concerns that the Kyoto 
Protocol and CO2 trading becomes almost futile without 
participation of the largest emitters USA and China.  

One major challenge for China is how to continue the 
economic development in an environmentally benign 
manner. The top Chinese leaders have gradually 
recognized the importance of a more sustainable 
development and that environmental protection should 
keep in line with the economic development instead of 
the previous pattern of “develop first and then treat the 
pollution”. As widely reported, the new leadership 
proposed to build a “harmonious society” through 
“scientific development”. The enactment of the 
Renewable Energy Law is a good example, in which the 
government has set a target that 16% of the total primary 
energy supply should be based on renewables by the year 
2020. Today this share is only about 7%.  

As the largest agricultural country in the world, in 
which rural residents account for 60% of the total 
population, it is important to develop and utilize 
bioenergy technologies. Increased bioenergy utilization 
in rural areas may improve the economic development as 



well as increase the local energy supply security in an 
environmentally friendly way. It may also increase the 
incentives of rural residents to work within agricultural 
businesses by increasing their income by collecting and 
providing supply biomass fuel. This is one of the most 
important cornerstones of the “harmonious society” that 
the government proposed. Currently, around 2 GW 
installed capacity is biomass based. According to the 
government plans, China aims to have a biomass based 
installed capacity of 30 GW in the year 2020. 

This work focuses on an increased biomass 
utilisation in rural areas by use of straw residues from 
farmlands for production of heat and electricity in CHP 
plants. The main objective is to identify technical and 
economic barriers for such development by reviewing 
existing plants and ongoing projects. Some 
recommendations are presented in order to improve the 
implementation conditions for straw-fired cogeneration 
plants in China. 

 
 

2 POTENTIAL STRAW RESOURCES 
 
 The straw used for energy purposes is the residues of 
the harvested crops where the main types are corn, 
wheat, rice accounting for 75% of the total straw 
resources.  
 Traditionally in China, agricultural residues are 
considered as wastes, which mainly have been used by 
farmers for cooking and heating in poorly developed 
stoves. China has a wide range of different biomass 
resources and is the second largest energy resource after 
coal. Currently, it is difficult to find straw production 
data as it is not included in the Chinese Statistical Year 
Book. The potential straw resources are therefore often 
calculated by assigning a value of the residue product 
ratio (PRP) to different crops found in the MAO/DOE 
report [4]. Several studies have estimated the potential 
biomass energy with the range of 392.9 to 551.4 million 
tonnes [5-7] corresponding to around 5600 to 7800 PJ per 
year.  
 
 
3 ONGOING PROJECTS AND PRESENT FUEL 
SUPPLY CHAIN 

 
To the authors’ knowledge, there are currently at 

least five straw fired CHP plants in full operation in 
China, see Table I. The plants are located in Shandong 
and Hebei, which are the largest agricultural provinces in 
the country. All plants operate according to the 
conventional Rankine cycle. Figure 1 shows a typical 
sketch of a straw fired CHP plant. 
Table I: Straw fired CHP plants in operation in China 
Project Installed 

capacity 
(MW) 

Invest. 
(EURO/ 
kW) 

IRR 
(%) 

Location 

Chengan 24×2 1005.6 6.5 Hebei 
Kenli 24×2 1005.6 6.5 Shandong 
Shanxian 25x2 1176.7 5.6 Shandong 
Weixian 25×2 n.a. n.a. Hebei 
Gaotang 25×2 n.a. n.a. Shandong 

 
Figure 1: Schematic sketch of a straw fired CHP plant 
 

The straw fuel is primarily collected individually by 
the farmers and then transported to designated collection 
points managed by so-called fuel brokers. Each 
collection point consists of a primary storage cabin, a 
cutting/bundling facility and a secondary storage cabin 
from where the cut/bundled straws will be transported to 
the power plant. Figure 2 illustrates a typical fuel supply 
chain. 

 

 
 
Figure 2: A sketch of a typical straw fuel chain 

  
 
4 IDENTIFICATION OF BARRIERS 
 
 The barriers for an increased straw utilization for 
energy purposes are mainly of technical, practical and 
economic character. In the following, the most important 
ones are presented and discussed. 
 
4.1 Technical and practical barriers 

Fuel availability  
A secure and stable fuel supply is of crucial for any 

energy plant to work properly. In China, the agricultural 
lands are divided into small pieces and owned by each 
household and it is up to them to choose which kind of 
crops that will be cultivated and harvested. This results in 
the fuel supply uncertainty. As previously mentioned, the 
potential fuel amount is huge, but the resources are 
widely dispersed in small quantities at each land area. 
Therefore, the collection and transportation of large 
amounts of feedstock to the nearest collection point 
becomes a constraint. 

Unlike coal, the availability of biomass resource is 
highly due to extreme weather conditions (flooding, 
droughts etc) and seasonal fluctuations. Furthermore, the 
random location of the cultivations increases the 
uncertainties of the fuel availability further. 

The straw price is very important since it is the most 
attractive factor for individual farmers to collect and sell 
their own straws. A stable and reasonable straw price is 
important for the fuel availability as well as the 



operational cost of the plant. On the one hand, a high 
price will attract rural residents to work on the farms to 
collect the agricultural residues, but on the other lead to a 
high operation cost at the plant. It therefore important to 
find a proper price level that motivates farmers to sell the 
fuel, but at a level that does not contribute to a too high 
energy production cost. 

Fuel storage
A biomass fired power plant requires larger fuel 

volumes than for example a coal fired plant at the same 
thermal output leading to larger fuel storage capacities at 
the site. As Chinese plants often have limited storage 
areas at site, the fuel must to be stored at the different 
collection points managed by fuel brokers, who often 
lack of fuel management knowledge. 

As previously mentioned, the availability of the straw 
fuel varies with the season meaning that the fuel must be 
stored during longer periods of time at the plant area or at 
the collection point. Storing straw fuels may be 
problematic as important fuel characteristics will change 
with time. The most critical parameter is the decrease of 
the heating value due to the volatility and deterioration. 
The fuel may easily decay and mould during the storage 
periods if the moisture content is high. Also, straws have 
lower self ignition temperature which might cause fire 
easily during the storage. 

Fuel logistics
The collection of the straw may cause severe traffic 

problems during the seasonal harvesting. The farmers 
often use small conveyances which increases the number 
of required transports and thereby the traffic pressure. 
The transports also causes environmental problems as the 
engines of the vehicles generally are inefficient leading 
to increasing emissions of harmful pollutants.   

Fuel quality control 
A good fuel quality is crucial to reach a high number 

of full load hours and a high overall efficiency as well as 
to keep down the maintenance costs. The fuel moisture 
content needs to be kept below 20% and the soil and sand 
attached to the straw need to be removed before fed into 
the boiler in order to reduce the wear of the fuel feeding 
system and to avoid ash related problems as sintering. It 
is common that the brokers or farmers ignore this for 
various reasons bringing negative effects on the fuel 
feeding- as well as the combustion system.  

Fuel feeding system 
The fuel feeding system currently used at the existing 

plants is imported from Europe. European plants are 
generally equipped with two separate fuel feeding 
system, where one is designed for wood chips or pellets 
and the other for wheat straw (See figure 1). The feeding 
system designed for wood chips requires fuel particle 
sizes below 100 mm, while the wheat straw feeding 
system handles straw bundles with a typical size of 
1300×1200×1500-2500 mm with a weight of 500 kg. 
Chinese plants can often only afford one feeding system. 
The straw types used at most plants in China are mainly 
from cotton and corn. The existing cotton straw fired 
plants have installed a feeding system aimed for wood 
fuels while the corn straw fired plants uses the wheat 
straw feeding system. As the fuel feeding systems are not 
adapted to these fuel types, operational disturbances 
occur frequently. The plants are currently modifying the 
fuel feeding systems to adapt it to the available straw 
types.  

Combustion system
One of the key technical barriers concerns the boiler. 

The biomass combustion technology in China is far from 
mature and still at an early development stage. Therefore, 
the key components of the boiler system have to be 
imported. The turbine, the generator and all the auxiliary 
equipment are often supplied by Chinese suppliers. The 
boiler system is designed according to European quality 
standards, but assembled in China according to the 
comparative lower Chinese norms. Due to the quality 
mismatch, some operational disturbances might occur as 
well as problems to achieve the nominal thermal 
efficiency. 
 
4.2 Economic barriers 

In China, coal is the dominated fuel, accounting for 
around 62% of current energy supply (IEA, 2004). 
Around 75% of total electricity generation is produced in 
coal-fired power plants, while biomass based plants only 
account for less than 0.1% of the total generation. The 
specific investment for a coal-fired power plant in China 
is typically in the range of 450 to 500 €/kW. As shown in 
Table I, the specific investments for straw based power 
plants is around two times higher. In addition, there is 
rich experience on developing and running coal fired 
plants. The internal return rate (IRR) of a typical straw 
cogeneration project is around 6-7%, which is lower than 
the benchmark rate of 8%. Compared to the IRR for coal 
based CHP plants which are often higher than 14%.  The 
biomass project developers are reluctant to develop 
projects unless they become more profitable. Therefore, 
the projects that currently are under development are run 
by large state-owned large companies. In addition, all 
these projects have applied for CDM projects since the 
CDM may bring some extra revenues. Straw-fired 
cogeneration is the bioenergy technology with the largest 
CO2 emission reduction potential when considering the 
fuel potential in China [8]. A recent study has shown that 
there is a great potential for CO2 emission reductions by 
implementing straw fired cogeneration projects in China. 

The newly issued implementation rule of the 
Renewable Energy Law prescribes an indicative on-grid 
tariff of 0.025 €/kWh higher than the average tariff for 
coal-fired plants in the region where the biomass project 
is located. However, the indicative tariff is not sufficient 
enough to support the development of biomass 
combustion projects in China based on the economic 
results of the current plants in operation. 
 
4.3 Governmental policy support 

According to the new implementation rule, the grid 
companies must primarily purchase electricity generated 
from biomass fired plants instead of from coal-fired 
power plants. However, the price list is at present not 
clear and the supervising system lacks of transparency 
for any renewable energy laws or regulations for green 
power. The price for power delivered to local or regional 
grid networks is largely determined by the local 
commodities office. 

In addition, there are no subsidies for biomass based 
heat production. Correspondingly, due to the lower IRR, 
the district heating systems have not been set up.  

 
4.4 Awareness and common practices 
 Due to the fact that the technology of biomass heat- 
and power generation is quite new in China, all current 



straw-fired cogeneration projects are developed and 
managed by large energy companies. Hence, it is lack of 
trained personnel when developing more biomass 
cogeneration plants. Currently, there are no proper 
training institutions or education providing such activities 
in China. 
 
 
5 DISCUSSIONS AND RECOMMENDATIONS 
 

A secure and stable fuel supply is a very important 
factor for a successful operation of any energy plant. 
Unlike in some European countries, where straw-fired 
cogeneration plants are well established, there is lack of 
an integrated plan from the cultivation to collection, and 
further to fuel collection points. During the plant 
planning, the following should be considered regarding 
the fuel supply: 
• The fuel use potential may differ from the actual 

fuel availability. The former is based on theoretical 
calculations, while the latter considers fuel 
collection difficulties, straw price fluctuation, 
labors, traffic, etc. The experiences from the 
current operating plants show that the straw 
availability is over-estimated. 

• In China, market economy is not mature yet and 
the country is more dependent on macro 
adjustments from the government. To cater for the 
development plan proposed by the central 
government, the local governmental officials and 
some state owned energy companies are eager to 
develop renewable energy projects. Some projects 
are implemented based on optimistic estimations of 
the fuel availability, resulting in that the plants can 
not be in full operation due to lack of fuels or be 
forced to use other fuel types which the combustion 
system is not designed for. It is therefore of great 
importance that an accurate, detailed and careful 
survey on fuel supply is carried out in the project 
feasibility study. An independent survey done by a 
third party might be helpful. 

• Due to the character of the seasonal supply, good 
communications between farmers, fuel brokers and 
plants are crucial to secure the fuel supply. For 
some areas lacking of fuel resources, refined 
biomass fuels, like briquette or pellets, might be 
helpful to secure the biomass fuel supply for plants 
since compared to straws they are suitable for long 
time storage and long distance transportation. The 
refined biomass fuel will also facilitate the 
development of bioenergy industries in the rural 
areas. 

Related to the economic barriers, the cost of biomass 
boilers often account for a large share of the total 
investment, up to 30% [9]. Therefore, the investment 
would most likely have been reduced if the straw fired 
boilers would have been manufactured and purchased 
from Chinese local suppliers. However, this depends 
strongly on the national research, the development ability 
as well as the patents of the imported boilers. 

The straw fired boiler system in most of the existing 
plants is based on the design of the Danish company 
BWE and is similar to those that have been installed in 
Europe. The turbine and generator are supplied by 
Chinese suppliers, and so does for the auxiliary 

equipment. Therefore, it needs time for the integrated 
system to have the optimal efficiency. As for the feeding 
system, it will also take time to be modified suitable for 
all kinds of biomass fuel. Open communication between 
equipment supplies and plants is necessary to solve 
problems and share experiences.  
 A clear and consistent governmental policy is 
important to increase the utilization of renewable energy 
in China. Chinese government has promised a 
prospective tariff policy of 0.025 €/kWh higher than the 
local electricity price. Some other supports and measures 
might be helpful, such as 
• to entail the biomass power generation projects a 

favorable national tax, including decrease income 
tax or VAT; 

• to add CO2 tax to fossil fuel fired power plants; 
• to offer lower loans to the renewable energy 

projects; 
• to further increase the electricity tariff; 
• to offer subsidies for heat generated from biomass 

cogeneration projects; 
• to give biomass fuel subsidies to either farmers or 

plants in order to achieve a lower operation cost. 
It took time for the Chinese governmental officials to 

realize that agricultural residues are a renewable fuel. It 
will also take a long time for the local governmental 
officials and rural residents to recognize this. Capacity 
building is needed for project developers, users and local 
farmers. Since the harvesting of the straw and the fuel 
handling system are very important for the availability of 
the plant, it is therefore highly necessary to give farmers 
some training on how to harvest and handle the straw for 
energy use.   
 
 
6 CONCLUSIONS  
 
 Developing straw-fired cogeneration projects in 
China is of great importance from the points of view of 
energy security, pollution remediation, remedy poverties 
and develop the economy of rural areas.  In order to 
effectively utilize straw resources and to successfully 
develop and implement straw-fired cogeneration projects, 
some barriers have been identified by reviewing the 
current plants in operation. We believe that a well-
planned integrated energy system covering the whole 
chain from fuel supply/availability to electricity and heat 
demands is of crucial importance. Clear and consistent 
governmental policies, increased operational experience 
and knowledge on fuel handling and boiler operation as 
well as an increased public awareness regarding the 
importance an increased biomass use, are crucial factors 
to establish  successful straw fired cogeneration projects 
in China. 
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