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This paper describes the environment issues which are caused by fossil fuel utilization, and the 

available of biomass resources and relevant applications in China and relevant policy for 

supporting biomass resources development. In addition the sustainable technology for energy and 

fuels generation in China and the advantages and disadvantages of technologies are presented as 

well. This paper aims to find out how the policy can promotes the biomass resource development 

and from environment aspect to see why the biomass resources should replace fossil fuels in the 

future. In this paper the life cycle assessment of straw biomass resource will be as an example to 

present the same amount of energy produced by straw and coal, the different amount of emission 

will be emitted.   
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ABBREVIATIONS 
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GWP  Global warming potential 
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ISO  International Standards Organization 

LCA  Life cycle assessment 

LCI  Life cycle inventory 

LCIA  Life cycle inventory analysis 

LHV  Low heating value 

S0  Scenario 0 

S1  Scenario 1  
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1. INTRODUCTION  

China is the most populous country in the world and its economy is growing rapidly in recent years, 

which make it become the giant in consuming and manufacturing power all over the globe. 

According to the information from IEA, in 2009, China’s TEC reached about 2.15 billion toe, 

among the energy, fossil energy accounts for the largest scale: coal accounted for around 70%, 

followed by 18% oil and 4% natural gas. Coal is the primary fossil fuel used in China, because it 

is inexpensive and amounts are available. In contrast, in the United States and the rest of the world, 

coal accounts for the lower share of the fossil-fuel base. In 2009, China became the world largest 

energy consumer. Besides, the information from IEA’s report shows that the consumption of fossil 

energy remains unchanged in the last 30 years, hence, follow such consumption speed the fossil 

energy will deplete after two hundred years then China will face energy crisis. (IEA, 2012) 

 

Except energy crisis, at the moment, climate change and related environmental issues are the 

challenging issues as well. One of the problems is the air quality which is getting worse in many 

areas. Emissions from humans’ activities have led to the serious air pollution, which is believed to 

be greatest cause to people’s health issues. There are many sources that rise to the decrease in air 

quality; however, energy in general and electricity in particular is considered to be the major source 

of the issue in most places. For example, when oil is used for vehicles energy, which are expensive, 

caused heavy pollution and not renewable energy as well. While, the biofuel as the traffic energy 

is cleaner and safer, which made by lignocellulosic biomass. Considering the advantages from 

biofuels that may be the new popular energy for vehicles.  

 

China as a fast developing country, in order to develop the economy and protect the environment 
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at the same time, reduce the consumption of fossil energy is necessary and find green and 

renewable fuel is important.  

 

Today implementation of biomass is wide in China, especially in rural areas. Most of wood and 

agricultural residues are used for cooking and heating, by this way, the price is inexpensive, but 

the indoor pollution cannot be avoided, and some unhealthy impacts.  In addition, this is fine for 

temporary not for long term. The people who collect these biomass would lost more others 

activities. However, if the fuels can be used by modern technologies to produce heat then not only 

the environment can be protected but also people’s living standard can be huge improved, and 

promote the rural industrialization and rise employee rate in rural. Moreover, with sustainable 

biomass utilization, global warming and climate change will be under controlled. (Youding, 2016) 

(A. Witter, 2009) 

 

This article focus on discuss the availability of biomass resources in China, the current modernized 

biomass technology development, and implementation of biofuels. The paper also indicates policy 

support for biomass utilization in China, in the end the life cycle assessment of (wheat) straw will 

be presented as an example to show how it is important that biomass resources should replace 

fossil fuels. 

2. FUELS CONSUMPTION IN CHINA  

In China, coal is the dominant energy sources for energy production and account for 70% of 

country’s TEC in 2009, the rest fossil energy-oil and natural gas are indispensable as well. 

Although, strong growth in consumption of oil. The share of TEC (total energy consumption) fell 
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from 22% to 18% in 2009. While the utilization of coal increase even faster to meet to demand. 

The share of natural gas doubled from 2% in 2000 to 4% in 2009. (IEA, 2012) 

 

 

 

Figure 1. Total primary energy supply. (IEA, 2012) 

 

The energy demand has increased with higher rate than developed countries, and from following 

figure 2 it can be find out that in 2002, the energy consumption rise exponentially, rapidly increase 

from about half the level of U.S. demand, around 2009, the consumption almost reach the same 

level and Chinese demand surpasses the U.S. demand after 2009. 
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Figure 2. Primary Energy Consumption, 1965–2009. (Anon., 2010) 

 

Because of high energy demand, fossil fuels contribute more in China, the hydropower, nuclear 

power and other renewables such as wind and solar contribute very little. 

2.1. Coal  

The vast coal resources enable the fuel to remain the mainstay of China’s energy sector and to be 

a key driver of economic growth over the past decade. In the recent years, consumption of coal 

account for almost half of the global coal consumption, also is one of the important factors 

associated with energy related CO2 emissions. (WEC, 2013) 

In China, there are 28 provinces where produce coal and amount of coal resources are in Shanxi, 

Xinjiang and Shanxi. So far, about 12000 coal mines are producing primarily bituminous coal and 

a huge amount of anthracite and lignite. These factors result in thermal coal, which used for 

generating electricity, heat in the industry and coking coal that used to smelt iron ore and produce 

steel. Almost of thermal coals are located in the north central and northwestern regions, while, 

coking coal reserved in central and coastal parts of China. 
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2.2. Oil &Natural gas 

In 2009, China consumed nearly 10% of global oil supply, whereas about 22% oil consumption in 

U.S. Nevertheless in U.S. the growth of oil consumption is expected to flatten out and the share of 

global oil demand to decrease in the next two decades. While, in china oil demand will grow 

strongly, and global share will reach to 15% by 2035. (IEA, 2012) 

 

Because of less recoverable oil reserve, and in order to meet domestic demand China has to import 

oil from outside. In 2000, the domestic oil production rose to 17%, but even with increase, the 

production still cannot meet the consumption. ‘China is thinking and acting strategically through 

its national oil companies to ensure stable supplies of oil to meet its growing demand’. (EIA, 2004) 

 

China is a net importer of natural gas. Comparing with coal, natural gas is not a significant part. 

Same as oil resources, natural gas resources are quite small and less than 2% of recoverable 

reserves globally. Even in 2000, production has tripled, but it still amounted to only 3% output. 

2.3. Renewables 

In recent years, the demand of renewable energy keeps increased gradually, while the shares 

remain relatively lower than fossil energy consumption. The consumption of hydropower achieves 

around 6% of domestic energy consumption. Figure 3 shows energy mix in China in 2009, the 

consumption of as wind, ethanol, solar, and geothermal occupied smaller shares. From figure 4, as 

it can be seen that wind power consumption in China and the United States are same.  
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Figure 3. China energy mix in 2009. (Anon., 2010) 

 

Figure 4. U.S. Energy Mix in 2009. (Anon., 2010) 

 

Table 1 presents other renewable sources are used in different countries, as it can be seen, in China, 

the share of ethanol and solar energy is small. Only less than 3% share of global ethanol 

consumption and 1.3% share of solar. 
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Table 1. Shares of Global Renewable Energy Consumption and Capacity of Top 10 Countries. 

 

3. ENVIRONMENTAL ISSUES  

Pollution is one of the most serious issues in China, and also restrict the economic development. 

Keep increasing use of energy is one of the reasons of environmental pollution. While the pollution 

can be largely decreased by developing bio-energy which is more environmental friendly and 

helpful to economic sustainable development. This chapter, pollutants of electricity industry and 

transportation sector will be discussed in detail.  

3.1. Pollutants of electricity industry in China 

The high dependence on coal-fired power plants has made China’s electricity industry produce 

large amounts of emissions, thus contributed to serious environmental impairments. Emissions of 

sulfur dioxide, carbon dioxide, nitrogen oxides, particulate matter and other atmospheric pollutants 

from coal- fired power plants have been closely observed by the environmental protection agency. 

‘In average, in China, each 1000 kWh generated electricity would produce approximately 0.21 ton 

of CO2, 4.6 kg of SO2 and 2 kg of particulate respectively (Yang, 2006)’. 

 

Figure 5 presents the emission from China’s power plants from 2005 to 2010. As can be seen, the 
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amount of emissions for each kind of pollutant is quite large. It is positive that the amount of SO2 

and PM (both PM10 and PM2.5) have been significantly reduced from 2005 to 2010.This is 

probably because that Chinese people and government have realized the serious environmental 

issue and have taken measures to control the pollution. 

 

Figure 5. Emission from China’s power plants: 2005-2010. (Zhen, et al., 2015) 

 

‘In the ambient atmosphere, SO2 and NOx, together with their secondary pollutants, can have 

serious impacts on the environment and human health (Suna, et al., 2014)’. ‘PM2.5 is a major 

contributor to the regional haze (i.e., visibility reduction) and has considerable effects on 

respiratory diseases and global climate change (Yang, et al., 2013)’. 

3.2. Pollutants of transportation sector in China.  

As the living standard improved, the more number of vehicles has reached (such as, in 2011, the 

number was 4 times of in 1999), and the emissions from transportation tool have largely increased 

in the world. 

 

Vehicles significantly contribute the CO (carbon oxide), NMVOC (Non-methane Volatile Organic 
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Compounds), NOX (nitrogen oxide), BC (black carbon) and OC (Organic Carbon) emissions 

internationally (Cheng, et al., 2013). Abundant vehicular emission has influence on the air quality. 

For example, in Beijing the road vehicles contributed to 64.1%, 57%, 11% and 35% of the 

atmospheric NOX, NMVOC, POC and BC respectively (Cai & Xie, 2007). The emission on the 

global warming has received the attention in China (Shindell, et al., 2011).  Among these 

emissions, BC is one of the important pollutants, and made huge contribution to climate change. 

Moreover, these emissions also threat human’ life and have adverse effects on economy, thus it is 

great important to develop vehicular emission inventory (Papapostolou, et al., 2011).  

 

Figure 6 indicates the vehicular emissions from 1999to 2010. The trend of vehicular CO, NOx and 

BC emissions keep increasing during this period. The NOx, BC and CO emissions increased from 

2200Gg, 48Gg and 22000Gg in 1999 to 7500Gg, 180Gg and 32500 Gg in 2010 respectively. In 

addition, the change rate of CO and NOx is larger than BC emission, and according to this average 

change rate, the global warming will be heavy in the future years if no effective actions are taken 

out.  
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Figure 6. The vehicular emission of NOx, BC and CO respectively form 1999-2011. (Lang, et al., 

2014) 

3.3. The consequence of environmental pollutants  

In 2014, smog is extraordinary heavy in many cities of China. Discharging waste from coal-based 
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plants is the main reason of haze’s formation. As table 2 shows the various level pollution in 

different 30 cities in China. Among them, 12 cities’ AQI level (table 3) is hazardous and the rest 

are very unhealthy. For example, in Beijing (figure 7), the major share of PM2.5 are burning coal, 

motor vehicle, discharge of catering industry and others, such as burning biomass. 

 

Table 2. Air pollution of different cities. (Blog, 2010) 

 

 

Table 3. Meaning of Air Quality Index (AQI) Basics. (Anon., ei pvm). 
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Figure 7. Major source of PM2.5 in Beijing (2013). (Yang, et al., 2013) 

4. AVAILABILITY OF BIOMASS RESOURCES IN CHINA  

Compared with developed countries, China's new energy development and utilization time is 
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relatively late, new energy production technology level is lower as well. At present, the new energy 

development and utilization are mainly dependent on imported technology. Because of immature 

technical skill, which lead to higher cost and lower competition compared with other energy 

production. Nevertheless, considering the long-term running of energy, development and 

utilization of biomass energy is imperative, and the prospects for development is very broad. (A. 

Witter, 2009) 

4.1. Biomass energy  

Biomass energy is solar energy in the form of chemical energy stored in the organism, which is 

directly derived from the ground or the photosynthesis of plants. Among various energy, biomass 

energy is the only renewable carbon source, and can be converted into solid, liquid and gaseous 

fuels. Because of its clean and renewable, which grasps much attention around the world. Using 

biomass as raw materials to produce ethanol, methanol, diesel and other liquid fuels, has become 

an important way to new global energy development. (Klass, 2016) 

 

Biomass as one of the most important parts of renewable, and plays an important role in the future 

energy structure in the world. China’s primary energy source is contributed by coal which brings 

heavy global environment pollution (Cherni JA, 2007). On the contrary, biomass is renewable, 

sustainable and relatively environmental friendly energy. As the population scale continue to 

enlarge, the demand for energy will rise and the price of energy will increase as well such as 

electricity and petroleum products (A. Witter, 2009). 

 

The following table 4 shows the consumption of biomass in China account for 12.7% in 2000. 

Most fractions of biomass resources are located in rural areas, where is more convenient for 
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biomass collecting. However, the high quality of energy carrier is more important than the primary 

energy sources to users. ‘If clean, convenient energy carriers were produced cost-competitively 

from biomass, these carriers would be as attractive to users as the same carriers made from other 

primary sources (Li Jingjing, 2001)’.  

 

Table 4. Primary energy consumption in China in 2000. (NBS, 2001) 

 

In China, most biomass is not converted into modern energy carrier, the wood and agriculture 

residues are used for cooking and heat generation in rural areas, and normally bring adverse 

impacts for health and environment. People are exposed in high concentration pollutants which 

excess specified standards. The research presents more rural people are died than urban resident, 

because of some diseases (lung cancer, pulmonary heart disease and chronic pneumonia) that are 

caused by environment issues. (Lucas, 2010). 
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4.2. Situation of biomass resources in China 

China has abundant biomass resources with theoretical around 3.02*109 tce, and the primary 

biomass resources are agriculture residues, wood, manure from farms and municipal waste water 

and solid waste resources (table 5), which have high energy potential as can be seen in the 

following table 6, and The distribution of acquirable quantities of total biomass energy in China is 

presented in figure 8. 

 

Table 5 Total non-plantation bioenergy potential in China (PJ). (Bhattacharya, et al., 2005) 
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Table 6. Biomass resources potential in China. (Yanli, et al., 2010) 

 

 

Figure8. The distribution of acquirable quantities of total biomass energy in China. (Deng, et al., 
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2010) 

 

4.2.1. Agriculture residues  

 

As a large agricultural country, China has an amount of straws resources, such as oil crops, cotton, 

wheat straw and rice straw, which can be used as fertilizers and also the raw materials for industrial 

process. According to the statistics, the production of straw is around 700 million tons per year, 

on the top of world and account for 30% of the world total straw. However, the rapidly develop 

economy and build of new countryside have lead to decrease the share of straw fuels and the 

amount of straws are unused. China’s straw production occupied half of total biomass resources. 

Development of straw resources will occupy an important position in China. (Xiao, 2012) 

 

Affected by growth environment, acreage estimation accuracy and other factors, the China straw 

resource estimation has difference during years. As be shown in table 7, the total amount of straw 

resources in 2000 up to 680 million tons and in 2008 total of straw source is 842 million tones, 

142 million tones differences caused by several possible, such as climate conditions. The more 

advanced technological skills, the more straw resources may be collected, an amount of resources 

to the greater statistical straw. (Peng chunyan, 2014) 

 

Table 7. Straw resources estimation in China. (Peng chunyan, 2014) 

Year Amount of straw 

(hundred millon) 

Amount of rice 

straw (hundred 

millon) 

Amount of wheat 

(hundred millon) 

2000 6.8 1.88 1.39 
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2001 6.1,  6.7 1.11, 1.72, 1.78 1.28, 1.31 

2002 6.23, 6.9 6.23, 6.9 1.23, 1.26 

2003 6, 6.5, 7.7  6, 6.5, 7.7 1.18, 1.21 

2004 6.52, 7.2 6.52, 7.2 0.95, 1.26 

2005 7.29, 7.5 1.75, 1.81 1.07, 1.36 

2006 7.6 1.76, 1.826 1.12, 1.149 

2007 - 1.8 1.13 

2008 8.42 1.86,2.22 1.16,1.46 

2009 - 1.89 1.19 

2010 - 1.9 1.19 

2011 - - - 

 

4.2.1.1. Current utilization of straws  

In recent years, China’s major straws production areas appeared serious straw burning pollution. 

Especially during harvest occasion, the approach not only waste resources but also cause air 

pollution, car accident on the highway and series of issues that threat people’s life. Therefore, the 

national authorities have done lots of work to minimize the threaten, but still very serious 

phenomenon of burning straws. In order to solve the problem between human resources and 

development, efficiently use precious is necessary. Currently, straw resources have various 

utilizations (figure 9). (wengen, et al., 2010) 
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Figure 9. Schematic diagram of agricultural residue resources and biofuels potential estimation. 

(wengen, et al., 2010) 

 

At present, the domestic research for biomass energy mainly from the use of technology, including 

biomass gasification, liquefaction and straw power generation. Now the general utilization of straw 

that used as industrial raw materials, including materials for paper and used as building insulation 

materials. Due to advances technology development, and utilization of new technology, the 

process of converting straw to biomass energy will be speed up and which will improve the 

environment and achieve goals of rural modernization. (Wu zansong, 2009) 

4.2.2. Forest residue 
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China has rich and widely distributed forest biomass resources. The annual forest biomass 

production reach to 8 million tons to 1 billion tons, and more than 3 million tons can be used as 

energy production and replace 2 million tons coals which equal to 1/10 total fossil fuels 

consumption. (Xi, et al., 2009) 

 

Figure 10 shows the distribution of forest residues in China. According to data from “the sixth 

national forestry survey (1999–2003)”, it is estimated that 2.45 billion tons of forest residues were 

produced annual, and mainly distributed in the southwest and northeast’ (Tan, et al., 2010).  

 

 

Figure 10. Distribution of forest residues in China. (Tan, et al., 2010) 

 

“The sixth National Forest Resources General Investigation” presented 1.75*108 hm2 of forest and 
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1.25*1010 m3 of growing stock existed in China and 2.8*108 -3*108 ton of biomass resources can 

be provided (table 8) 

 

Table 8. Forest biomass resources in China. (Peidong, et al., 2009) 

 

 

4.2.3. Animal manure from farms 

 

Poultry and livestock manure is important biomass resources which is the main raw materials for 

biogas fermentation. In 2007, there are 3.972*109 manure in China. (Peidong, et al., 2009) 

 

 

 

 

 

 

Table 9. Poultry and livestock manure resources in China. (Peidong, et al., 2009) 
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In China, there are total of 6000 domestic animal farms, and about 1 Mt manure is discharged 

every day. It contains sufficient amounts of organic matters. So far, there are 20% of manure is 

processed to different degrees and about 10% is processed through biogas projects. In addition, 

80% of all farms discharge the refuse and sewage to the rivers. The detail information are shown 

in table 10, which presents the resources form animal manure in 1997, 2005 and 2010. The total 

energy potential of animal manure was 1102.5PJ in 1997, 1598.5PJ in 2005 and increased to 

2094.5PJ in 2010. (FH, et al., 2006) 

 

 

 

 

 

 

 

Table 10. Energy potential from animal manure in 1997, 2005 and 2010. (Junfenga, et al., 2005) 
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4.2.4. Industry and municipal waste water and solid waste resources 

 

Ensure the progress of industry, the resources extract from natural and discharge to natural as well. 

According to the information “China Statistical Yearbook 2008”, in China, the total volume of 

industry and municipal waste water discharge reached to 55.68 billion tons in 2007. The wastes 

are mainly from Guangdong, Jiangsu and Shandong province, while significant amount volume of 

industry waste are discharged from Zhenjiang and Guangxi province as well. In the following 

figure 11, it can be found that the total amount of industry and municipal solid waste produce are 

around 1750 and 152 million tons, respectively. (Tan, et al., 2010) 
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Figure 11. Amount of waste water (unit: billion tons). (Tan, et al., 2010) 

4.3. Benefits from biomass energy utilization and development  

As a new clean energy, by developing biomass energy, there are several advantages can get. Firstly, 

solve the deteriorated environment. Fossil fuel as the primary energy will run out after hundreds 

of years’ over exploitation and significant consumption, but associated with global warming, dust 

storms, flood and other problems are serious threat to human survival. However, the development 

of new energy reduces greenhouse gas emissions, an effective way to address climate change and 

protect the ecological environment.  

(A. Witter, 2009) 

 

Secondly, to maintain economy sustainable development. Energy is the basic material for 

economic and social development. With the stable economic growth and living standards increase, 
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the energy demand and consumption will rapidly increase also. At this moment, the domestic 

consumption of fossil fuels, except for coal is able to achieve self-sufficiency, the domestic oil 

supply is insufficiency, oil imports increased year by year. In 2008, China's dependence on foreign 

oil reached close to 50％, 2020 is expected to exceed 60%. In case of fossil energy depletion and 

irreversibly towards the future of fossil energy supply and demand have become increasingly 

prominent, it is necessary to find substituted energy sources to maintain sustainable economic 

development (Klass, 2016).  

 

Thirdly, ensure long-term energy security. Nowadays, fossil fuels include coal, oil and natural gas, 

non-fossil energy sources including hydro, nuclear, etc. Among them, fossil fuels are non-

renewable. According to “BP World Energy July 8, 2008” released in Beijing in 2008 "reports that 

global oil reserves unchanged in 2007, remains at the level of 12,400 barrels, can still be mined 

for 41 years, natural gas and coal can be exploited over 60 years and 150 years respectively. While, 

a few years age, oil shortage and natural gas shortage affect market and result high price which 

increase fear and force the country pay more attention to energy supply security. Therefore, 

developing the use of biomass, solar and wind power and other new energy sources can solve the 

problem of energy supply security. (jianyuan, 2015) 

 

The last important benefit is that finding a new economic growth point. By the end of 2006, the 

total output of ethanol is about 3.5 million tons, while the fuel ethanol production reached 1.3 

million tons. By using waste oil as raw material to produce biodiesel to reach 60,000 tons, rural 

biogas production exceeded 170 million cubic meters. The rapidly development of new energy is 

gradually changing the country's energy production and consumption structures. With the 

continuous expansion of new energy development and utilization in the field and expansion of 
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production scale, the new energy industry is becoming a new economic growth point. (jianyuan, 

2015) 

4.4. Drawback of biomass energy utilization and development  

From utilization aspects, firstly, biomass energy is expensive. Extraction of biomass is not cheap 

and need amount of biomass to convert it into fluid fuels, and compare with the same volume of 

fossil energy, biomass has less energy. Secondly, consume more fuels. Not only it takes more fuels 

to do the same work than conventional fuels, but also bring s environment issues. In order to have 

enough wood to drive the vehicles or even power plants, amount of forests have to be cut, that 

make will threat plant and animals’ life. Thirdly, require more land. More lands where it can be 

burnt easily and it produces methane to air. Hence, the lands need to far from the residential homes 

(Xinshi Zhang, 2010). Fourth, compared with fossil energy, it is inefficient, such as, ethanol 

inefficient when compared to gasoline, and sometimes it has to be mixed with some gasoline to 

make it work properly anyway. In addition, over long time use ethanol which is harmful to engines. 

Finally, not environmental friendly. Although, using manure to produce power can reduce CO2 

emission, but it produces methane gases, which destroy ozone layer. Using wastes which is not 

physically harmful, but the odor is horrible and spread bacteria and infection. (Youding, 2016) 

 

From political aspect. A series of laws and tax policies have issued by Chinese government to 

ensure the sustainable development of biomass. These policies promote the development and 

utilization of biomass resources, but they are still not enough for biomass resources development. 

For example, in table 11 the more specific information about forestry biomass development can 

be found. (Tan, et al., 2014) 
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Table 11. The political barriers. (Tan, et al., 2014) 

 

 

Form technological aspect. As the main factor for developing biomass resources-technology, in 

China, the existing technologies are immature, the advantages of biomass resources are not 

reflected in the current fossil fuels prices. Lots of issues are existed during the development of 

biomass resources. ’These issues cause the insufficient development of forestry bioenergy industry, 

and it is difficult to create economies of scale’ (H, 2009), the detailed information are presented in 

the following table 12. 
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Table 12. The technological barriers. (H, 2009) 

 

5. SUSTANABILITY TECHNOLOGY OF BIOMASS RESOURCES 

IN CHINA 

Nowadays, biomass resources have a wide utilization in China, and biomass technology research 

is the core research area in the Five-Year Plans.  

Biomass based electricity generation increase to 2 MW in 2005, during the Tenth Five-Year Plan 

(2001–2005), and under the Eleventh Five-Year Plan (2006–2010), the total amount of biomass 

generation power obtained 5.5 MW (Zhou, et al., 2009). Among them, power generation from crop 

and forest residues reached 4.0 MW, from marsh gas was 1.0 MW and the rest from industrial and 
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municipal solid waste. (Zhang, et al., 2014) 

In China, three main technologies are used to generate power from residues are direct fired and 

biomass gasification. 

5.1. Direct fired generation with straw 

In China, biomass power generation is mainly based on the direct combustion with straw. The 

following table 13 indicates the major biomass power plants in China. While, the big challenge of 

power plants is the scale which is not reach to standard, due to fuel supply constraints and table 13 

clearly present that the largest scale is only 50MW.   

 

Table 13. Major biomass power plants in China. (Zhao & Zuo, 2016) 

 

 

In rural area, energy efficiency of burning straw is quite low, account for 10%, and with heavy 

environmental pollution. By using traditional stoves, direct combustion caused fuel waste and 

heavy pollution, such as, CO and SO2. In order to increase energy efficiency, the fuel saved stoves 

have been applied by government, and almost 400 million tons CO2 are reduced. However, we 
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cannot expected fuel save stoves to save environment, the only way is to reduce direct combustion 

not reform it. (Liu, et al., 2008) 

5.2. Gasification  

Recently, in order to meet the demand of energy there is huge achievement in the development of 

biomass resources gasification technology, and many of gasification demonstration projects are 

existed in China (table 14). 

 

Table 14. Gasification projects in China. (Leung, et al., 2004) 

 

 

5.2.1. Types of gasifier designs 

 

For different types of resources, the gasifier can be different, and the application are in different 

fields as well. ‘A remarkable progress is the economic production of circulating fluidized bed (CFB) 

gasifier and down draft gasifier for straw’ (Zeng, et al., 2007) as can be seen in table 15. Based on 
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the application of CFB reactor, the resources are converted into gaseous, as fuels to generate 

electricity, both CO and H2 are included in these fuels as combustible factors.  

 

Table 15. Different types of gasifier in China. (Leung, et al., 2004) 

 

 

5.2.2. Utilization processes 

 

Table 16 presents the major applications of gasification system. The first one is gasification system 

can cooperated with heating equipment, and coal can be substituted by gaseous fuels that are 

produced in this case. The second is used for domestic cooking. This system can convert 

agricultural waste into cooking gas, and supply (Leung, et al., 2004)’ rural areas by setting up small 

gas stations with pipe network’. In addition, this technology plays an important role in improving 

the rural living standard. The last one is biomass gasification and power generation system (BGPG). 

It can generate electricity by different kinds of biomass resources in any scale, and even better for 

small-scale industries. BGPG is inexpensive and flexibility, and will be widely applied. 

 

Table 16. Applications of biomass gasification system. (Leung, et al., 2004) 
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5.2.3. Advantages and disadvantages of application 

 

 Advantage of applications 

Scale and feedstock flexibility. Various gasifier and gasification system can be designed for 

different fuels according to operators’ demand. The system scale can be designed with suitable 

technologies and raw materials. While, the large scale system waste money and have insufficient 

fuels and too small decrease economic development and cost ineffective. (energy, ei pvm) 

 

Economic feasibility. China owns large volume of biomass residues which are widely distributed, 

and most of them are treated as waste, because it is not necessary to fully use. In some areas, the 

biomass residues can be utilized in small and medium scale gasification system, and avoid the 

transportation problem, but increase the competitiveness with other technologies. Therefore, form 

the economic perspective, the most effective way is capital reduction to make economic feasibility. 

(Energy, 2010) 

 

Extensive applicability. The biomass resources can be converted into combustible gaseous by pre-

treatment technology, and gaseous fuels can be used in various industries such as, transportation 

sectors, food production process.  

Environmental friendly. Comparing with combustion technology, biomass gasification technology 
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has advantages for emission control. The reason is that produced syngas have high temperature 

and pressure which is easier to remove sulfur and NOx. Gasification technology can reach the 

lower emission level.  

 

 Barrier of application 

Capital limitation. For small and medium scale gasification technology, the system should be as 

simple as possible, hence the dust removal and cleaning process can be perfectly designed, and 

operation issues and emission can be minimized. (Ruiza, et al., 2013) 

 

Recently, China emphasized on energy saving and high requirement of environmental protection, 

while not all the biomass gasification technology can meet the demand. For example, straw based 

resource gasification for domestic cooing system can make large social advantages but because of 

the high cost for handling pollution problems, it is impossible to make profits. (Leung, et al., 2004) 

5.3. Biodiesel 

As mentioned before, ‘China is the second largest oil consumer country in the world, and the 

external dependency of oil is close to 50% (Wang, 2010)’. In 2010, the requirement for diesel reach 

to 100 million tons and will continue to rise to 130 million tons in 2015. Furthermore, environment 

pollution becomes aggravation, therefore, environment protection and biofuels development is 

more important in China. In the production of biodiesel, China is developing use of different 

biomass resources as raw material, such as waste oil, rapeseed oil, cottonseed oil, etc. (Chen, 2012) 

 

5.3.1. Cottonseed oil 
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Cottonseed contains rich fatty acid, but low utilization rate of cottonseed oil in China, so it is 

suitable feedstock for biodiesel production. Per ton of land, which can harvest about 0,6 ton of 

cottonseed. In addition, per ton of cotton oil which contain nearly 0, 55 ton linoleic acid, palmitic 

acid, and 0.15 tone oleic acid (Li, et al., 2009). Therefore, such rich content of acid ensures a higher 

production of biodiesel from cottonseed oil. 

 

In China, cotton land is wide and mainly distribute in Hebei and Xinjiang. Among them, Xinjiang 

has greater condition for producing biodiesel from cottonseed. The reasons are: Xinjiang has 

largest cotton land and almost 3.5 million tons cotton with 5.5 million tons cottonseeds had been 

reached in 2013; The utilization of cottonseed oil is really low as can be found in figure 12 (Qian, 

et al., 2008), and after 1970, the ratio of cottonseed oil in cooking decline; ‘Xinjiang has mature 

technologies and complete supporting facilities on oil producing and refining (Wu, et al., 2006)’.  

Sum up these reasons, building biodiesel industry and developing biodiesel production in Xinjiang 

is the best choice.  

 

 

Figure 12. The theoretical/actual yield and consumption of cottonseed oil in China. (Qian, et al., 
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2008) 

 

5.3.2. Rapeseed oil 

 

As shown in figure 13, the rape yield has increased to 11000 Ttons in 2001, and then the curve 

started to roil. If followed the current growth tendency, in the end of 2015, the yield would be 

predicted to around 14,000 Ttons (Fao, 2013). About 1 ton of rape can produce 1 ton of biodiesel, 

and in 2005, the production of rapeseed-based biodiesel will reach to 2000 Ttons. (Xu, et al., 2016) 

 

Figure 13. The yield of rape and biodiesel which is made by rapeseed in China. (Fao, 2013) 
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Figure 14. The rapeseed production in different regions. (Anon., 2007) 

 

As can be seen from figure 14. Hubei, Sicuan, Guizhou and Hunan where produce 17%, 15%, 12% 

and 11% of total amount of rape respectively. Although, the amount of production in the major 

area is noticeable, while it is still cannot meet the demand if the consumption of cooking oil is 

considered. In fact, the rapeseed oil used for cooking is low quality which cannot meet the foot 

standard in China. Therefore, the rapeseed oil used for biodiesel can be more relaxed by enlarge 

planning land.  

 

In addition, as the technology development, in China, Canola has been produced, which has high 

yield and high quality. If Chinese government focus on planning Canola with large lands, the 

productivity of biodiesel will be increased by 1.8 times than before. The demand for rapeseed oil 

can be satisfied (firstly meet the demand of edible oil and the rest can used for biodiesel 

production). 

 

From commercialization perspective, cottonseed oil based biodiesel generation has more 
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advantages than the other. Because firstly, the current market price of cottonseed oil is less than 

800 U.S dollars, and will gradually decrease. Secondly, compare with rapeseed oil, cottonseed oil 

is not edible oil, so the price will not affected by edible oil market that is why the price of 

cottonseed oil is stable in China. (Xu, et al., 2016) 

 

5.3.3. Forestry resources-Jatropha oil  

 

In addition to agricultural resources, forestry resource is another raw materials, such as Jatropha 

which contains high oil about 42-61% (Misra & Murthy, 2011). 

 

The following table 17 indicates that Jatropha mainly distribute in Guangxi, Yunnan, Guizhou, 

Sichuan and Chongqing. (Wang, et al., 2005), the total planning area have reached to 756.74 (10 

kha), and have more suitable land for planning. In addition, the larger planting area in Guangxi 

and Yunnan, the more potential productivity can be obtained (Anon., 2007). During 11th and 12th 

five-year plan period, the land for planting Jatropha has enlarged because of the artificial 

afforestation in these provinces. 

 

Table 17. The planning area and potential productivity of Jatropha in China. (Wang, et al., 2005) 
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It is hard to promote Jatropha-based biodiesel production by enterprises, because the cost of 

Jatropha is too high to afford the cost of building jatropha afforestation, and the high price is not 

easily accepted by customers. Therefore, Jatropha-based biodiesel production and development 

must be relied on financial and policy support from government.  

 

In fact, there are plenty of lands are suitable for Jatropha planting and not be used, if the 

government can realize that and take some actions, the production of raw Jatropha will be increased 

in the future. Some of enterprises have realized the business opportunity and leased the lands for 

Jatropha planting and sell the Jatropha seed for another industry to make benefits. Furthermore, if 

the government support to build industry chain for diesel production which will reduce the cost 

and increase the production of bio-diesel. For example, the industry covers the whole life cycle of 

biodiesel production (Jatropha planting, collecting, oil refining and biodiesel production). 

 

Apart from these oil can be used for biodiesel production, the waste oil can be used as well, such 

as, low quality animal fats, acidic oil and wasted cooking oil. In the current china, the waste oil 

composed by 33% animal fat, 15% acid oil and 45% cooking oil. Among them, wasted cooking 

oil is the major feedstock for biodiesel production. For example: almost 50,000 tons wasted 

cooking oil are produced in Shanghai per year, while the amount in Beijing is about 40,000 tones. 

(Meng, et al., 2008) 

 

5.3.4. Biodiesel utilization  

 

China’s major energy demand meet by fossil fuels, while biodiesel still make a huge contribution 
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for energy demand. Currently, biodiesel is widely used in the field of energy as a fuel. (Yan & 

Crookes, 2009) 

 

According to the current consumption situation of biodiesel which is mainly concentrated in 

transportation sectors, power generation sector, industry and agriculture sectors. In addition, 

biodiesel used for transportation sector account for 63% of total biodiesel consumption in China, 

and the other sectors only 6%, 12% and 8% respectively.  

 

Here biodiesel consumption in transportation sector as an example to be discussed. As presented 

in figure 15, biodiesel consumption begins to decrease since 2008. According to the economic 

development speed in 11th five-year plan, the diesel consumption should reach to 110 million tons 

in 2011, while, the actual consumption amount in 12th five-year plan is only about 95 million tons 

in 2011. The reduction caused by national policy, because of environmental issues. However, such 

reduction hidden trouble to national economy in long- term, hence, with these troubles, replacing 

diesel with biodiesel is a wise choose.  

 

 

Figure 15. The diesel consumption in agricultural and transportation sectors in China. (energy, ei 
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pvm) 

 

At present, biodiesel used as alternative fuel in China for engines in transportation sector. 

According to the standard, two forms of fuels are used for engines: biodiesel-diesel blended fuel 

with a blending ratio of 5% and pure biodiesel. If the latter can replace the part of diesel 

consumption, the consumption can promote economy development for sure. (Xu, et al., 2016)   

5.4. Bioethanol 

In the context of “deepening dependence on oil imports” and high oil price in the future years, the 

demand for fuel ethanol is increasing. In China, the fuel ethanol expectation will reach to 5 million 

tons in 2018. Hence, China is developing the biomass resources to generate ethanol. (Teng, et al., 

2010). 

 

Comparing with normal gasoline, bioethanol has higher octane number, flammability limits, higher 

flame speeds, higher heats of vaporization, and less emission (SO2 and CO2) (Saxena, et al., 2009). 

Furthermore, particulate matters emission for 10% (E10) and 20% (E20) ethanol are decreased by 

6.0–6.6% and 29.4–41.8%, respectively (Storey, et al., ei pvm). At present, most of bioethanol are 

produced from sugarcane. In the world, USA is the largest producer from cone and Brazil is 

followed from sugarcane. While, these production can not meet the bioethanol demand, therefore, 

in order to minimize the crisis, lignocelluloses biomass as the alternative fuels to produce 

bioethanol. (Sarkar, et al., 2012). 

 

5.4.1. Bio ethanol production process 
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The raw materials need to be delivered to the plants carefully to avoid early fermentation and 

bacterial contamination. According to different feedstock, the main steps are presented in figure 

16 (CE, 2004).  

 

Figure 16. Bioethanol production process. (Baeyens, et al., 2015) 

 

Bioethanol is produced mainly through fermentation, which occur at 298e314 K and last 1 to 3 

days depending on both the feedstock composition, and the type, amount and activity of the yeasts. 

The following biochemical reactions are (Guo, et al., 2015): 

(𝐶6𝐻10𝑂5)𝑛 (𝑠𝑡𝑎𝑟𝑐ℎ, 𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒, 𝑠𝑢𝑔𝑎𝑟) +  𝑛𝐻2𝑂 → 𝑛𝐶6𝐻12𝑂6 (𝑔𝑙𝑢𝑐𝑜𝑠𝑒, 𝑓𝑟𝑢𝑐𝑡𝑜𝑠𝑒)          

(𝐶5𝐻8𝑂4)𝑛 (ℎ𝑒𝑚𝑖𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒) +  𝑛𝐻2𝑂 →

𝑛𝐶5𝐻10𝑂5 (𝑥𝑦𝑙𝑜𝑠𝑒, 𝑚𝑎𝑛𝑛𝑜𝑠𝑒, 𝑎𝑟𝑎𝑏𝑖𝑛𝑜𝑠𝑒, 𝑒𝑡𝑐)               

𝐶6𝐻12𝑂6 → 2𝐶𝐻3𝐶𝐻2𝑂𝐻(𝑒𝑡ℎ𝑎𝑛𝑜𝑙) + 2𝐶𝑂2                                            

𝐶5𝐻10𝑂5 → 5𝐶𝐻3𝐶𝐻2𝑂𝐻(𝑒𝑡ℎ𝑎𝑛𝑜𝑙) + 5𝐶𝑂2                                            

6.4.2. Applications of bioethanol 
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The bioethanol can be used as feedstock for chemical synthesis of some products. 

Table 18. Application of bioethanol  

 

 

6. POLICY OF BIOMASS ENERGY 

Policy occupies a critical role in the process of biomass energy generation. The government attach 
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high importance to promote the biomass-based energy production and issued a series of policies 

about biomass energy development after 2006, such as” The Eleventh Five-Year Plan (2006-

2010) ”and ” The Twelfth Five-Year Plan (2011-2015)” which are both proposed biomass power 

goals (table 19), and on the basis of goals number of laws are introduced. The reason is that, in 

China some of enterprises have been losing money, and they got financial support from 

government. While the grid price subsidy is 0.500– 0.646 RMB/kW h, until 2010 the subsidies 

maintained 0.75RMB/kWh, but this change cannot make some enterprises earn money and they 

hoped for higher subsidies in the future. 

 

Table 19. Strategic goals of biomass power generation development. (Zhang, et al., 2014) 

 

6.1. Relationship Between different policies  

Table 20 indicates the general framework of energy policies. There primary laws and support laws, 

which the front one as guild role and the other is being the support role. In addition, based on the 

demand and laws, the government has issued appropriate plan and legislation. (Zhang, et al., 2014) 
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Table 20. General framework of the policies. (Zhang, et al., 2014) 

 

“Renewable Energy Law” was carried out in 2016, which is the first energy law in China. It 

presents the government has realized how important of renewable energy and given high support 

for renewable energy development. (Energies, 2016)’. Moreover, “Promotion and Application” 

emphasized that promote and encourage the biomass resources development (Energies, 2016)’. 

 

At the end of 2009, the “Renewable energy law” was revised by state, and the revised edition was 

implemented in 2010. This new version has established the “Renewable Energy Development 
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Fund “to promote and protect the renewable energy power generation. 

6.2. Biomass energy financial subsidies  

Comparing with fossil energy the utilization of biomass energy has remarkable benefits, but the 

cost of the energy development is higher, so in order to share the higher cost, the Chinese 

government has committed financial subsidies for the biomass energy development and utilization 

and encourage the enterprises to join the development of biomass energy.  

 

Figure 17 shows the subsidy for different types of renewable energy power, the biomass power 

hold 35% as the second largest share of total subsidies, wind power received the largest subsidy, 

and solar PV power received the least subsidy. In addition, for figure 18, it can be found that the 

subsidies for electricity price account for 95.60% of the total subsidy amounts, and subsidy for 

accessing grid projects and public independent renewable energy power system are 4.21% and 

0.19% respectively.  

 

Figure 17. Subsidy for different types of renewable energy power. (Zhao, et al., 2014) 

 



 53 

 

Figure 18. Subsidy-obtained share of different renewable energy power categories. (Huiri, 2014) 

 

6.2.1. Subsidies for feedstock  

 

 Feedstock base subsidies 

The subsidies for forestry based resources is 30 RMB/ ton, which is identified by Ministry of 

Finance according to implementation plan, and for agricultural resources the subsidy is around 

27RMB/ton, this criterion is approved according to saline-alkali soil, types of land and the 

implementation plan. (Zhang, et al., 2014) 

 

 Straw subsidy 

These enterprises whose registered capital is more than 10 million RMB, the annual straw energy 

consumption excessed 10000 tons, the straw based energy products are actual sold and have stable 

consumers can get the 140 RMB/ton subsidies. The types and quantities of straw and the related 

products determine the amount of subsidy. (Bridle & Kitson, 2014). 

 

 Fuel ethanol subsidy 
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For the production of fuel ethanol and losses during the process of allocation and sales, the 

government sets quotas for subsidies to the associated organizations. In 2012, the amounts of 

subsidy for ethanol fuels and non-grain ethanol fuels are 490 RMB/ton and 740 RMB/ton, 

respectively. (Zhang, et al., 2014) 

 

6.2.2. Project subsidy  

 

 Rural household biogas project  

In 2003, the rural biogas technology has listed into the national debt fund support, and every year 

China has expend more than billions for supporting biogas service system and technologies. 

 

 Green energy country project  

For green energy country project, the subsidy reach to around 25 million RMB, and this project 

includes “biogas centralized gas supply engineering”, “biomass gasification engineering”, 

“biomass briquette fuel engineering” and others engineering. (Energies, 2016) 

 

 Urban heating engineering project  

During the period 2014-2015, there are 120 biomass briquette boiler heating demonstration 

projects are built in Beijing, Tianjin, Shandong, Yangtze River Delta region, Pearl River Delta 

region and other areas where have heavy pollution and have mission to reduce the coal 

consumption. 5 billions RMB are invested for these projects. (Energies, 2016) 

6.2.3. Low interest loan  

 

Renewable energy development projects have field in the national renewable energy industry 
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development guidance catalogue and meet the credit conditions as well. Discount interest fund 

which is adjudged based on the existent bank load appropriate and rate of interest. Besides, the 

discount period is one to three years and the maximum discount rate can reach 3% blow. (Zhao, et 

al., 2014) 

 

6.2.4. Tax 

 

Almost 80% tax of the income of the companies from their products that are not limited by nation 

and meet the required standards. Furthermore, the raw materials are specified in “Catalogue of 

Resources for Comprehensive Utilization Entitling Enterprises to Income Tax Preferences” which 

are decreased and accounted in the total income. (Shen & Luo, 2015) 

 

6.2.5. Pricing mechanism  

 

 Fixed feed-in tariff 

As mentioned before, after 2010, the feed in tariff for agricultural and forestry resources energy 

generation projects have reached to 0.75RMB/kwh (including tax) (Zeng, et al., 2013). However 

for the mixed biomass fuels power projects, energy over 20% of the power consumption which do 

not have the subsidy feed-in tariff (Energies, 2016). 

 

 Fuel ethanol price  

The “National Development and Reform Committee” published the price of fuel ethanol is 

equivalent coefficient 0.9111 multiply the cost is the final price. This regular for promoting the 

ethanol development and protecting the enterprises. (IRENA, 2012) 
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In order to promote the biomass energy development, protect the environment and ensure energy 

sustainable development, Chinese’s government has invested large amount of subsidy. Thus 

project not only bring benefits (such as, environmental benefits (figure 19), energy security, 

technology innovation (Bayer, et al., 2013) and economic development (figure20) but also 

accompany many problems (such as, poorly carry out the policy, flaw on the policy and energy 

loss). Therefore, in order to minimize these issues, it is necessary to make the policy carefully and 

strictly implement the policies. 

 

 

Figure 19. Average electricity sale price during 2005-2010. (Bayer, et al., 2013) 
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Figure 20. Environmental benefits of emission reduction (total environmental benefit is 17.88 

billion RMB). (Zhao, et al., 2014) 

7. CASE STUDY-LIFE CYCLE ASSESSMENT OF WHEAT 

STRAW  

In order to show how it is important to promote biomass resources development, the life cycle 

assessment of straw in Sichuan province will be analyzed by Gabi software as an example in here. 

 

Recently, human activities have been emitted a huge amount of greenhouse gas (GHG) to the 

environment, which is believed to be the role key of the climate change recently. Many 

international and national authorities have put many efforts to reducing the emissions to protect 

the environment. This leads to the legislations and possible penalty consequences forced 

organizations to comply with rules. Energy industry is considered to be one of the biggest 

contribution to this issue. Furthermore, human consumption of energy is surging and will keep 
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rising in the future, which leads to the queries of alternative fuels to satisfy the demand to lowering 

the speed of natural fuel expenditure. This results in the idea of burning biomass resource as an 

alternative fuel. However, owing to the fact that straw biomass resource consists of many of 

elements, so it is not good to burn direct. 

 

In order to find a better option for straw handling, as well as to lessen the effects of industrial 

activities on the environment, here use different technologies to generate energy and fuels form 

straw and fossil fuel, to see the climate change. By doing this, to figure the effects of recovery 

operations on the quantities of GHG emissions, as well as to find out the best option applied. 

Life cycle assessment (LCA) is an important tool to understand the impacts of different products 

and processes around us on the environment that we are living in. In fact, LCA has been commonly 

used in waste management research, thus it seems fit to study the case at hand. The whole study 

will be carried out in an LCA framework following ISO standards. 

7.1. Goal and scope  

LCA is a tool that enables to strategic study of a process in order to assess on the possibility of 

reaching a final point. This goal and scope in a LCA study should be determined at the beginning 

of the process with accuracy.  

 

7.1.1. Goal and scope definition  

The goal of this study is to analyze the difference on the amount of emissions from the present 

straw management approach and several alternative scenarios to check out the CO2 emission 

reduction. 

The function of this case study is the management of annual straw produced from the Sichuan 
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region in kilograms. Therefore, functional unit of this case study is recovery of mentioned annual 

straw. The recovery management is being done by comparison of different scenarios and outcomes 

using the same functional unit every time. 

7.1.2. System description 

The amount of straw in Sichuan China will be burning in the field or transported to CHP for energy 

generation or transported to compost facility or to the industry for bio-ethanol production as can 

be seen in table 21. 

 

Table 21. Scenario description 

Scenario Difference to S0 (250km) 

S1 

-straw sent the CHP plant (200km) 

- NPK fertilizer needed to replace the compost product 

-Gasoline needed to replace the straw based bioethanol 

S2 

-straw sent to industry for refinery (100km) 

-energy produce from coal  

-NPK fertilizer needed to replace the compost product 

S3 

-straw sent to compost (150) 

-energy produce from coal 

- Gasoline needed to replace the straw based bioethanol 

 

 

7.1.3. System boundary  

 

In order to define what to include or exclude to the system, system boundary is required. The 
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system boundaries present clearly the process and interaction between each section. For this case 

study gradle-to-gate is used to identify the system boundaries, to understand their environmental 

impact by collecting evaluating, and interpreting associated data. gradle-to-gate only covers the 

process production stage; it is used in order to find out of single production stage’s environmental 

impacts. (International, ei pvm). For this resources handling re-arrangement case study, the life 

cycle assessment starts from the resource generation phase from the province. Waste produced is 

transferred where it is utilized for heat, electricity or compost products therefore those resource 

utilization facilities (composting facility, bio refinery or CHP) are the gate for the process.  

 

For each of those facilities, internal energy consumption is neglected. Also the transportation 

energy is neglected but emissions are taken into account. The effects the amount of soil enrichment 

product needed by the province therefore decreases NPK fertilizer acquired from the producer 

company. Therefore, that company’s emissions are included or partly excluded from the system 

boundaries as soil enrichment material is compensated. 

For the electricity demand, straw is utilized in scenario1 with electricity output. As a consequence, 

always a portion of the total electricity demand of the city is provided. Yet the city requires 

electricity drain from the coal plant for all the time. Therefore, production or change in demand 

are excluded from the system boundaries as we assume the electricity is set to response changes.  

 

Addition to those, the energy consumption due to loading and unloading of the trucks between 

every stage are neglected within the system boundaries. Similarly, the internal energy consumption 

for the operation of each facility are excluded from the system boundaries. To sum up, energy 

consumption during the straw transportation between the points and utilization of the straw are not 

included to case system boundaries. 
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7.1.4. Unit process  

According to ISO 14044 (2006), all the relevant unit processes should be included inside the 

system boundary. The gate-to-gate analysis is applied in this case study as we only analyze the 

GHG emissions after the straw is collected until it has been under different managing solutions 

with the main products, heat, electricity and bioethanol, and emissions released in each case. 

 

 

Figure 21. The flow of plan.  

All the unit processes included in this plan can be seen in figure 21 and are presented in table 22 

with information on the scenarios applied and its function served. More information on the distance 

and payload are included for all the trucks in the scope. 

 

Table 22. Unit process in the plan. 

Process Scenario Function served 
Distance 

(km) 

Payload 

capacity(t) 

GLO: Truck-

trailer PE 
S0 

Transportation of 

straw from city to the 
200 27 
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burning facility 

S1 

Transportation of 

straw from city to the 

CHP  

250 27 

S2 

Transportation of 

straw from city to the 

bio-refinery facility 

100 27 

S3 

Transportation of 

straw from city to the 

composting facility 

150 27 

EU-27: Diesel 

mix at refinery 

PE 

All 

Fuel supplied to the 

truck-trailer 

  

Burning facility S0 Burning process   

CHP S1 Local CHP plant   

Bio-refinery  
S2 

Local refinery 

industry 

  

Composting 

facility 
S3 

Composting process   

Energy 

consumption 
All 

Energy and fuels 

demand of the region 

  

Energy all 
Energy demand 

covered by coal based 

  



 63 

fuels  

Fuels all 
Fuels demand 

covered by oil  

  

Fertilizer So, s1, s2 
Fertilizer demand 

covered by NPK  

  

 

7.2. Life cycle inventory analysis (LCI) 

Life cycle inventory analysis (LCI) is the second main phase of LCA. In this phase, data collection 

regarding the study within goal and scope definition will be collected in order to quantify the inputs 

and outputs of each process in the whole plan. (ISO 14040, 2006) 

7.2.1. Data collection  

Straw are collected from Sichuan China, and average annual production is around 40760000tons. 

The moisture content and chemical composition are indicated in table 23.  

 

Table 23. Chemical composition of straw. (Strömberg, 2006) 

Amount of 

straw 

(tons/a) 

 Chemical composition of straw on dry basis % Low heating 

value(MJ/kg) 

 

40760000 

Moisture% C  H  O  S  N  Ash Cl 

12,4  47,32 5,03 43,05 0,08 0,6 3,8 0,12 14,31 

 

Table 24. The initial data from each unit process 
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Unit process Relevant initial information Reference 

CHP 

--Total energy efficiency: 85% 

--Electricity generation efficiency: 15% 

(Anon., 2014) 

--Efficiency of desulfurization: 97% (Chi, 2015) 

Bio-refinery --1 ton wheat can produce 0,336 m3 of bioethanol  (EUBIA, 2010) 

Composting 

 

--16,27% compost product is obtained from 1 ton of 

straw 

(Zhang & Zhang, 2003) 

--1 tone compost product contain 0,15% fertilizer 

--76.5 kg CO2-equiv./ton of straw, CH4 is 10 kg CO2-

equiv./ton of straw and N2o is 4.6 kg CO2-equiv./ton of 

straw 

--assume energy consumption around 100kwh/ton straw 

 

(Zhu, et al., 2012) 

Energy and 

fertilizer 

consumption 

in Sichuan  

--Total population: 81400000 

--Electricity for each person: 417 kwh/a 

--Energy demand for each person: 2079 

 

(Yuning, 2014) 

The world bank  

--Fertilizer demand: 5.2*107 tons (Zhu, et al., 2012) 

--Fuels demand:  2,67*108 M3 (EIA, 2014) 

 

7.2.2. Data calculation  

 

The dry amount of each chemical composition are presented in table 25.  
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DS (dry straw) =40760000*(1-0,124) 

=35705760(tons/a) 

 

Table 25. The amount of dry chemical composition  

 

 

While incinerating, reactions the combustible compounds in the ‘fuel’ occur according to 

following equations: 

 C + O2 → CO2 

 H2 + 1/2 O2 → H2O 

 S + O2 → SO2. 

Molecular quantity (n) of the composition is calculated by amount of substance equation. 

Molecular masses of C, H, S and O are considered to be 12, 1, 32 and 16 respectively. 

It can be seen from the mentioned reactions that the molecular amount of C, H and S will produce 

the same amount of CO2, H2O and SO2 molecules respectively. For the flue gas calculation, we 

would like to assume that the process is perfect combustion, which only require the theoretical 

amount of combustion air for all the fuel to be burnt. Unlike C and S, which require the same 

amount of oxygen molecules for the reactions, the oxygen reacts with hydrogen is only half of 

hydrogen in molecules. 

 nC = nCO2 = nO2-demand-C 

 nH2 = nH2O = 2 nO2-demand-H 

 nS = nSO2 = nO2-demand-S 

The result of emission calculation are shown in table 26. 
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Table 26. The amount of flue gas. 

Component 

Flue gas [10*3 kmol/a] Flue gas [t/a] 

CO2 H2O SO2 CO2 H2O SO2 

Straw 

 
1407997 89799986 892,644 61951873 1616399755 57129,216 

 

Because of uncontrolled temperature and pressure, N2O cannot be calculated, therefore, according 

to the information (Meiqiu & Yahui, ei pvm) the amount of N2O can be calculated which is 154888 

tons. An average heating value as received (wet basis) for straw was provided. Derived from this 

data, the annual thermal potential of straw is calculated by equation 2 with EPi, LHVi and mi are 

thermal energy potential, low heating value and quantity of fraction I respectively.  

 EPi = LHVi · mi (Eq 2) 

So: EP=40760000 (tons/a)*14,31(MJ/Kg)=162021000 MWH 

7.3. Life cycle impact assessment 

In this case study, the most of the emissions from the process units are CO2 and N2O which are 

the main types of GHG emissions which help trapping heat in the Earth’s atmosphere (Anon., 

2016). Therefore, the impact category “Global Warming Potential, (GWP 100 years)” will be used 

to assign life cycle impact assessment (LCIA) result to detailed environmental issues.  

In this part, not all the unit processes’ result will be presented, only the relative more contribution 

unit process will be analyzed.    
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7.3.1. Baseline scenario  

 

Figure 22. Contribution of baseline scenario unit process in GWP. 

Figure 22 show the contribution of baseline scenario unit process in GWP. As can be seen that the 

main emissions are from process ‘Nation: burning in the field’ is 93.67 and because in scenario 0 

all the straw are burned in the field, so the emission from the unit process ‘GLO:NPK fertilizer 

mixer’ which are the second largest contributor. Moreover, the emission from the unit process ‘CN: 

Thermal energy from hard coal PE’ which account for 0.0187% of total emissions (table 27). 
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7.3.2. Alternative scenario  

 

Figure 23. Contribution of scenario 1 unit process in GWP. 
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Figure 24. Contribution of scenario 2 unit process in GWP. 

 

 

Figure 25. Contribution of scenario 3 unit process in GWP. 

The emission result in the alternative scenario1 is almost same as in the baseline scenario. The 

largest contributor is unit process ‘NPK fertilizer mixer ‘ which account for 57.26% (table 27) and 

the second largest amount of emission in scenario 1 from unit process ‘CHP plant’ which accounts 

for 42.65%, and in scenario 2, the largest amount of emission from process ‘NPK fertilizer mixer’ 

as well which is 95.29% (table 27). While, in the last scenario, the largest amount of emissions 

from the unit process ‘Composting’ which is 99.48%.  

 

Table 27. Share of emissions of main contribution unit process for each scenario by using 

CML2001 - Nov. 2010, Global Warming Potential (GWP 100 years)’ 
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Figure 26. Total emission of each scenario (kg CO2-Equiv.) 

 

According to the information that presented in figure 29, burning the straw directly is not a good 
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optional, because 6.6*1010 kg CO2-Equiv. will be produced in this case. However, if management 

the certain amount of straw in CHP power plant, the emissions will be lower than burn directly 

which is 7.3*109 kg CO2-Equiv. In addition, if the city’s straw are sent to bio-refinery industry 

will be the best option. However the straw can be sent to the CHP for energy production as well  

7.4. Sensitivity analysis  

In this chapter, since emission parameters are fixed and they cannot be changed, the aim of this 

sensitivity analysis was directed to changing the efficiency levels where heating energy had a 

mayor role.  

 

The case studied until now (S0) is in this chapter case references as in table 28 can be seen. The 

efficiency levels of the plants, in their case references is 90% for CHP plant. From the CHP, 15% 

is electricity efficiency and the rest until 85% is heating efficiency. The sensitivity analysis 

comparing the scenario 1 was performed and the values are shown in table (CML2001-Nov2010). 

For this analysis Global Warming Potential (GWP 100 years) will be used. 

 

Table 28. Variation in GWP changing CHP plant efficiency values 

 

 

The values of the CHP plant (S1) decrease on electricity efficiency aiming for a better heating 

efficiency. The total efficiency of the CHP plant is assumed to stay constant at 90% while the ratio 

of power to heat changes, increasing heat and reducing electricity efficiencies. In the CHP 
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scenarios 1, the aim of the reduction on electricity efficiency was to improve the heating efficiency, 

otherwise reduce the heating efficiency. As can be seen in this table 28 relative emissions were 

decrease in case 1 while in case 2 when decrease the electricity efficiency, the emission get higher 

than the reference case. Therefore, when increase the heating efficiency in CHP plant, the emission 

should be considered as well.  

8. CONCLUSION  

In China fossil fuels are the dominant energy sources for energy production, and the energy 

demand has increased with higher rate than developed countries. In 2002, the energy 

consumption rise exponentially, rapidly increase from about half the level of U.S. demand, until 

2009, the consumption almost reach the same level and Chinese demand surpasses the U.S. 

demand after that.  

There are 28 provinces where produce coal and amount of coal resources are in Shanxi, Xinjiang 

and Shanxi. So far, about 12000 coal mines are producing primarily bituminous coal and a huge 

amount of anthracite and lignite. Between 2011 and 2012 coal production increased 4% from 3.8 

billion short tons to 4 billion short tons which account for 66% of TEC in 2012 and represent 

half of the world total. In addition, the demand for oil grows strongly as well, Because of less 

recoverable oil reserve, and in order to meet domestic demand China has to import oil from 

outside. In 2000, the domestic oil production rose to 17%, but even with increase, the production 

still cannot meet the consumption. However, comparing with coal, natural gas is not a significant 

part. Same as oil resources, natural gas resources are quite small and less than 2% of recoverable 

reserves globally. 
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Because of the increasing demand of energy, air pollution get worse in China. The main 

emissions from the coal fired power plants, because of the high dependence on coal-fired power 

plants has made China’s electricity industry produce large amounts of emissions, thus 

contributed to serious environmental impairments. Emissions of sulfur dioxide, carbon dioxide, 

nitrogen oxides, particulate matter and other atmospheric pollutants from coal- fired power 

plants have been closely observed by the environmental protection agency. While in order to 

control the pollution and promote the economic development simultaneously, developing the 

biomass resources is one option. Comparing with fossil fuels, biomass is renewable, sustainable 

and relatively environmental friendly energy. Recently, China has abundant biomass resources 

there, such as agriculture residues, wood, manure from farms and municipal waste water and 

solid waste resources. In addition, China is an agricultural country which has an amount of 

straws resources, such as oil crops, cotton, wheat straw and rice straw, which can be used as 

fertilizers, generate energy and bio-fuels. 

In order to promote the development of biomass resources in China, the government attach high 

importance to promote the biomass-based energy production and issued a series of policies about 

biomass energy development, such as, “Renewable Energy Law”, “Agriculture Law”, ”Energy 

Saving Law” and etc. Beyond that Chinese government has committed financial subsidies for the 

biomass energy development and utilization and encourage the enterprises to join the 

development of biomass energy. For example: “Project Subsidy”, “Low Interest Loan”, “Tax ” 

and etc. 

At last, in order to find out an optimal option for agricultural biomass resources management. 

There are different technology are applied for straw management (direct burning, CHP plant, bio 

refinery and composting). Because of the most of the emissions from the process units are CO2 
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and N2O which are the main types of GHG emissions which help trapping heat in the Earth’s 

atmosphere. Therefore, the impact category “Global Warming Potential, (GWP 100 years)” is 

used to assign life cycle impact assessment (LCIA) result to detailed environmental issues. 

Moreover, from the result of LCIA, after comparing the results, transport the straw into CHP 

plant for energy generation is better than directly burning, because the total emission is lower 

relative and the best option for straw management is for bio-ethanol production. Furthermore, the 

electricity efficiency of CHP plant cannot be too much low, even has higher thermal efficiency, 

because from this case study can be seen that if the electricity efficiency is lower than the 

baseline scenario, the total emission will be higher, therefore, the electricity efficiency of CHP 

plant is an important factor which affect climate change. 
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