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Abstract 
During recent years, an increased attention has been given by industries and governments from 
industrialized as well as developing countries to reduce greenhouse gas (GHG) emissions through 
the clean development mechanism (CDM). As China has increasing demands on bioenergy and 
Sweden has good practices and competence in developing and utilizing bioenergy technologies, this 
paper studies the resulting consequence if implementing Swedish bioenergy technologies in China. 
The potential CO2 emission reduction from each technology in China is studied. A few priority 
areas for future CDM projects selection by using Swedish technologies are recommended. 
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Introduction 
In order to avoid the restraint of energy storage, also with considering the serious air pollution and 
increasing pressure from the international society regarding greenhouse gas emission mainly due to 
its coal combustion, the Chinese government has encouraged developing and widely utilizing the 
renewable energy. The bioenergy has been put on a high priority in China’s energy development 
strategy. However, the utilization of bioenergy has been constrained by technical, financial and 
policy factors. Firstly, in general the existing bioenergy conversion technologies in China are 
characterised by low efficiency, with lack of commercial utilization. Secondly, the bioenergy 
project’s scale is quite small with low rate of return on investments, resulting in less interest from 
investors. Lastly, the policy instrument from the government is less economic incentive. Biomass is 
the second largest energy resource after coal in China, and previous studies have shown that unused 
but available bioenergy resource are huge, distributed unevenly in different regions [1-3]. These 
biomass resources consist of crop residues, fire wood, animal dung, municipal solid wastes (MSW) 
and industrial solid wastes (ISW). 

Sweden is one of the leaders in developing and utilizing bioenergy in the world. At present, 
bioenergy accounts for over 16% of the primary energy supply in Sweden [4]. The Swedish energy 
system is generally characterized by high-energy efficiencies and a large share of renewable energy, 
mainly in form of hydropower and biomass.  

The purpose of this paper is to study the potential CO2 emission reduction if implementing Swedish 
bioenergy technologies in China. The results of the calculations can be used as a guideline to 
develop potential CDM projects between Sweden and China. The Sweden government has declared 
its desire to contribute on making CDM work and become an effective instrument in the work on 
international climate. A Swedish study has showed that CDM can promote bioenergy transfer and 
utilization in the developing countries [5]. If CDM projects will be implemented through bioenergy 
projects, China can not only attain technical and financial supports, but also it will learn Swedish 
successful experiences on making bioenergy commercial. 
 
Methodology 



Figure 1 lists available bioenergy conversion technologies and final energy carriers in Sweden. 
Only solid based biomass resources are considered in this paper. However, this study does not 
include stoves and domestic boilers for "personal" use. The bioenergy conversion technologies to be 
used in China are Swedish mature and commercial technologies. 

To calculate the CO2 emission reduction achieved by introducing bioenergy carrier, it is important 
to know what fossil energy carrier is replaced. We assume the following,  

• Fuel wood pellets replace coal with a ratio of 1:1; 

• China is a coal dominated country. Therefore both district heating and the electricity 
generated are assumed as coal based. Biomass based District heating replaces heat generated 
with coal in districting plant with energy conversion efficiency of 88%. For the electricity, 
coal-based power with an electrical efficiency of 40% is the marginal production during the 
entire year; 

• As for transportation fuel of DME and landfill gas (methane), it is to replace fossil diesel.  

 
Figure 1 Interconnections between biomass (solid based) energy resources, conversion options and 
final energy carriers in Sweden. 

CO2 emission factors for different energy carriers are needed for the calculation. Table 1 shows the 
direct emission factors for energy carriers included in this study. The indirect emission factors, 
which are mainly due to transportation and extraction, are not taken into account in this work.  
Table 1 CO2 emission factors for different energy carriers 
Energy carrier CO2 emission (kg CO2 GJ-1) 
Diesel 74 
District heating 114a

Electricity coal based 251b

Coal direct combustion 98c

Unrefined biofuel 0 
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a, Energy conversion efficiency 0.88 for coal-fired boilers; 
b, Electrical efficiency 0.40; 
c, Heating value of coal: 26.7 GJ ton-1 (LHV). 
 
Main products and efficiencies of the different bioenergy production processes from Sweden are 
shown in Table 2. The estimated CO2 emission reduction by using these renewable energy carriers 
is calculated as 

iiin
reduced

CO REE ∑ ⋅⋅= η
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       (1) 

where, signifies the estimated reduced COreduced
COE

2
2 emission; Ein, the input of studied biomass 

resource; ηi, the energy conversion efficiency (for ith product) from the studied process based on 
Swedish technologies which can be found in Table 2. Ri, the replaced energy carriers’ total CO2 
emission in kg CO2 GJ-1, as shown in Table 1.  Some energy conversion processes generates by-
products, which also may have its own energy conversion efficiency. Since each process has its 
own energy conversion efficiency, the total energy conversion efficiency will be the sum of these 
efficiencies. 
Table 2 Products and efficiency of the bioenergy production processes 

Processes Products Efficiency, η Data source 
Fuel pellets 0.59  
Electricity 0.12 [6] Energy combine, Ec  

Heat 0.20  
Dryer, stand alone, Dr Fuel pellets 0.90 [6] 

Electricity 0.30 [6] Wood residue_FGC 0 Heat 0.60  
Electricity 0.30 [6] Wood residue_FGC II Heat 0.80  

DME 0.57 [6] Wood residue DME Heat 0.11  
Electricity 0.25 [7] MSW CHP  Heat 0.55  

MSW DH District Heat 0.85 [7] 
Straw DH Heat 0.85 Personal communication 

Electricity 0.25 [8] Straw CHP Heat 0.61  
Electricity 0.38 [9] Landfill gas CHP, 

LFG_CHP Heat 0.50  
Landfill gas to electricity, 
LFG_El. Electricity 0.40 [10] 

Landfill gas for 
transportation, LFG_Tf Methane 1.0 

Calculated by the autho 

MSW to landfill gas Landfill gas 0.85 Personal communication 

Abbreviations: Dr: Dryer, stand alone; Ec: Energy combine; FGC: CHP with Flue gas condensation; DME: 
Dimethyl ether; CHP: Combined heat and power; DH: District heating; LFG: Landfill gas; LFG_El.: Landfill 
gas to electricity; LFG_Tf: Landfill gas for transportation fuel. 
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CO2 emission reduction per TJ of added biofuel 
The CO2 reduction achieved per TJ of added biofuel (Ton CO2 ) for different alternative is 
calculated according to Equation (1), the results are presented in Figure 2. For each alternative, the 
products, in energy terms of fuel pellets, DME and methane (from landfill gas) for transportation, 
power and heat, are quantified as a percentage of bioenergy input on a LHV basis. The studied 
system was considered from the biomass fuel feedstock to the end products such as power, heat or 
liquid/gas fuels. 

1
,

−
fueladdTJ

 
The CO2 reduction is strongly linked to the total efficiency (fuel utilization) of the systems. High 
total efficiency gives high reduction. CHP based systems have a generally high reduction since 
CHP based systems have high total efficiency. The ranking priority regarding CO2 reduction from 
high to low will be systems of Wood CHP_FGC II, LFG_CHP, Wood CHP_FGC 0, Straw_CHP 
and MSW_CHP. 
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Figure 2 CO2 reduction of the different process options per added bio fuels. 

Potential CO2 emission reduction 
To calculate the potential CO2 emission reduction from different biomass resources in different 
studied systems, it is important to know the exact biomass resources which can be used for energy 
purpose. Table 3 shows the theoretically available biomass resources in China. It is obvious that not 
all these biomass resources can be used for energy products mainly due to the collection problem. 
However, it is possible to make estimation. According to the difficulty of the collection, in this 
study we estimate that 30% of total wood residues, 60% of total MSW and 30% of total straw and 
crop will be used for energy production. The estimated potential biomass resources are presented in 
Table 3. The heating value (lower) of different biomass resources for energy conversion can be 
found in Table 4.  
 
Table 3 Biomass resources and potential CO2 emission reduction [2, 3] 

Resource Theoretical availability 
(PJ) 

Estimation Potential energy  
(PJ) 

Wood residues 514 154 
MSW 518 311 
Landfill gas based on MSW 342 205 
Straw and crop 2778 833 
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Table 4 Heating value of biomass resources 

Biomass types Heating value, (kJ/Kg) 
Wood resides 10080a

Landfill gas 17750 
MSW 4500 
Straw, crop 14400b

a, dry basis, average value of all kinds of wood chips 
b, dry basis. 
According to the estimation of biomass availability for potential energy purpose, the estimated CO2 
reduction from different systems is summarized in Table 5. The CO2 reduction strongly depends on 
biomass resources availability. If we rely on the estimation made i.e. straw and crop are the biggest 
biomass resources in China, consequently resulting in a reduction of 80718 Kt CO2 with the process 
of CHP. MSW and landfill gas will be the second largest by the estimation of the rate of 60% of 
collection and availability. The smallest CO2 reduction happens to wood residues since low 
availability rate is assumed.  
 
Table 5 CO2 emission reduction estimated by different systems (Kt CO2) 

Resource Processes CO2 reduction 
Wood residues Energy combine, Ec 17054 
 Dryer, stand alone, Dr 13583 
 Wood residue_FGC 0 22130 
 Wood residue_FGC II 25641 
 Wood residue DME 8426 

MSW CHP 39015 MSW MSW DH 30136 
Straw DH 80718 Straw and crop Straw CHP 110196 
Landfill gas CHP, LFG_CHP 31238 
LFG_El. 20582 Landfill gas 
LFG_Tf 15170 

 
Discussion 
This paper showed the potential CO2 reduction in China by using Swedish commercial bioenergy 
technologies. The results shows that all CHP based technologies have high CO2 reduction on the 
basis of per TJ of added biofuel. The order from high to low is Wood CHP_FGC II, LFG_CHP, 
Wood CHP_FGC 0, Straw_CHP and MSW_CHP. However, the CO2 reduction will depend on the 
biomass resource availability. According to the estimation of biomass resource available for energy 
use, the straw CHP will have the largest reduction, the rest are MSW_CHP, LFG_CHP, Wood 
CHP_FGC II and Wood CHP_FGC 0 by the order from high to low. 
 
The geographic characteristic is an important factor when choosing technologies. Long winter, 
abundant forestry and wood industry determine that wood based bioenergy technologies have 
played an important role in Sweden. As for China, its area is around 21 times bigger than Sweden. 
There are great differences with geographical characteristics in the regions. Therefore, it is difficult 
to decide which technologies that are most suitable for China. However, considering the fact that 
China is an agricultural country with abundant straw and crop residues in rural areas, straw based 
technologies will have a good opportunity to be developed. If increasing population density in 
urban areas is considered, MSW based technologies, e.g. incineration and landfill gas conversion to 
energy, should be taken into account.  
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Since the forest and wood residues also are abundant and available for energy use in some areas, a 
previous study showed that the niche-market for bioenergy technologies of wood based still exists 
in China [11]. 

The theoretical CO2 reduction from different processes with consideration of biomass resources is 
calculated. The results can be used as for selecting CDM projects between Sweden and China. In 
order to know the projects’ profitability, an economic analysis needs to be performed. However, 
this paper did not cover the cost factors. 
 
Conclusions 
The Chinese government intends to develop and widely use bioenergy. It can be anticipated that 
bioenergy use in China will be increasing, becoming one of its main energy supply sources. CDM 
will facilitate China in getting financial support for bioenergy projects, mature and commercial 
bioenergy technologies.  
In this study, the theoretical potential of CO2 emission reduction by using Swedish bioenergy 
technologies in China is calculated. This can guideline Sweden, as well as other countries, to 
develop bioenergy related CDM projects in China. Swedish practices and competences will 
facilitate bioenergy utilization in China, advancing towards its sustainable development. By doing 
so, Sweden will continue to enhance its leading position of bioenergy technologies, increase 
international energy markets and gain more experience on the international collaborations related to 
the CDM. 
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