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1.Shanghai JiaoTong University(SJTU)

◆ Established in 1896

◆ There are 20 schools, including school of Agriculture and Biology, School of 

Mechanical and Power Engineering, School of Environment Engineering, etc.

◆Students:44020; Teachers:2851

◆Area of campus: about 333  ha.

http://www.sjtu.edu.cn/
http://www.sjtu.edu.cn/


School of Agriculture and Biology (SJTU)

Biomass Energy Engineering Research Centre,

School of Agriculture and Biology , Shanghai JiaoTong University has a lot of 

experiences in the field of biomass energy and environment.

Including characterization of biomass, biomass pyrolysis, biochar, gasification, 

bioethanol, biogas, etc.

http://www.sjtu.edu.cn/
http://www.sjtu.edu.cn/
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2.Research on biomass characteristics

Objective: To establish database of biomass

characteristics and provide a theoretical basis for

utilization of biomass.

Sample source:

1) Various areas: Shanghai, Anhui and Jiangxi;

2) Various agricultural residue: Rice straw, wheat straw,

corn stalk, rape straw and cotton stalk.

Samples: 275 samples;

3) Various manure: Pig, broiler, layer, dairy cow and beef.

Samples: 275 samples.



Characteristics of agricultural biomass: 

elemental analysis

Rice straw Corn stalk Rape straw Cotton stalk

C 40.745±1.426 41.811±2.843 38.618±1.433 43.993±1.488

H 5.644±0.326 5.868±0.517 5.737±0.383 5.877±0.372

N 0.906±0.362 1.35±0.358 0.456±0.215 1.233±0.46

S 0.815±1.581 0.367±0.045 0.932±0.225 0.417±0.16

O 46.81±5.434 47.587±2.409 54.257±1.598 48.317±1.209

Elemental analysis of stalk and straw/%

Manure of layer Manure of pig Manure of dairy cow

C 37.863±1.501 38.695±2.801 40.485±0.904

H 5.107±0.501 6.068±0.437 5.982±0.238

N 2.705±0.762 2.508±0.355 2.120±0.068

S 0.514±0.051 0.755±0.038 0.532±0.075

O 53.812±1.273 51.975±3.551 50.880±1.172

Elemental analysis of livestock and poultry manure/%



Basic properties of agricultural biomass: proximate 

analysis

Rice straw Corn stalk Rape straw Cotton stalk

Moisture 4.21±0.67 5.46±3.30 4.23±1.52 3.13±1.44

Crude ash 14.00±1.23 5.84±1.75 7.66±0.83 6.63±0.15

Volatile 67.49±2.04 71.79±5.93 74.63±0.86 71.89±1.24

Fixed carbon 14.29±0.29 16.92±1.59 13.48±2.27 18.35±0.74

Proximate analysis of stalk and straw /%

Manure of layer Manure of pig Manure of dairy cow

Moisture 60.83±2.58 74.11±3.71 81.31±1.88 

Crude ash 21.35±3.34 21.07±5.13 13.40±2.09 

Volatile 54.89±6.11 56.49±3.63 59.75±2.20 

Fixed carbon 15.73±1.19 13.51±1.05 17.97±4.25 

Proximate analysis of livestock and poultry manure /%



3.Biomas fast pyrolysis for bio-oil production

Mechanism of biomass pyrolysis 

If the pyrolysis conditions are proper, 100kg biomass can 

produce 60 kg bio-oil.



Pyrolysis kinetics -Systematic analysis of integral 

methods

Relative error of activation energy obtained by 

integral methods

Relative error of frequency factor obtained by 

integral methods 
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Figure   Precision of Coats and Redfern approach



Result: when time 

is 4 s, the 

fluidization of sand 

is best

Simulation of sand in fluidized bed reactor



Fluidized bed reactor for biomass fast 

pyrolysis for bio-oil production developed by 

Shanghai JiaoTong University

Biomass 
throughput:1-5 
kg/h;

Reactor 
Temperature:400-
600°C

Biomass particle 
size:1-2mm



Bio-oil from stalk by fast pyrolysis (National Natural Science Foundation of China , Coordinated 

by Prof.Liu Ronghou, Biomass Energy Lab. SJTU)



*Effect of hot vapor filtration on the characterization of 
bio-oil from rice husks with fast pyrolysis in a fluidized-
bed reactor

14
2015/11/10



Conclusion:

It was found that the total bio-oil yield decreased and that the 

bio-oil has a higher water content, higher pH value, and lower 
alkali metal content when a HVF is used in the system.

Yield and physicochemical properties of bio-oil at condenser



*Effect of Selective Condensation on the 
Characterization of Bio-oil from Pine Sawdust 
Fast Pyrolysis Using a Fluidized-Bed Reactor

The flow chart of the fluidized bed  reactor fast pyrolysis system



The temperature changes of the four condensers
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Results

Conclusion 1 : The total bio-oil, the gases and the char

yields were 41.5%, 43.3%, 15.2% respectively ;

and 86.2 wt % water steam was condensed in condenser 1.

Yield and the Water Content of the Bio-oil at Different Condensers 

 Condenser 1# Condenser 2# Condenser 3# Condenser 4# Condenser 5# 

Yield of bio-oil 

(wt/%) 

65.3 1.8 1.2 11.3 20.4 

Water 

content(wt/%) 

33.21 7.82 7.45 7.35 7.45 

Ratio of 

collected water 

content of oil a 

86.2 0.6 0.4 3.3 9.5 

Note: a The total water yield during the reaction process was equal to the sum of the product of mass and water content 

at each condenser. The ratio of the collected water content of oil for each condenser is equal to the collected water yield 

at each condenser divided by the total water yield . 

(1) Yield and the Water Content of the Bio-oil at Different Condensers



 pH Value of the Bio-oil 

 1# 2# 3# 4# 5# 

pH 2.66 2.73 2.78 2.78 2.78 

 
 Higher Heating Value (HHV) of the Bio-oil  

 1# 2# 3# 4# 5# 

HHV (MJ/Kg)  14.9 22.6 22.9 22.7 23.5 

 
The Effect of Temperature on the Viscosity of Bio-oil  

 20 ℃ 30 ℃ 40 ℃ 50 ℃ 60 ℃ 70 ℃ 80 ℃ 90 ℃ 

Viscosity 

of bio-oil 

1# (mm2/s) 

9.10 1.95 1.35 1.21 0.94 0.63 0.54 0.53 

Viscosity 

of bio-oil 

4# (mm2/s) 

938.13 326.09 142.38 69.25 38.01 12.93 7.26 5.80 

Viscosity 

of bio-oil 

5# (mm2/s) 

1210.97 397.44 175.48 82.50 46.87 26.88 17.48 12.62 

 

Conclusion 2: The bio-oil condensed in the later condensers has a 

lower water content, higher pH value, higher heating value, higher 

kinetic viscosity compared to the first one. 

(2) Other properties



Conclusion 2: GC-MS showed that 102 types of chemical 

compounds were detected and most of the compounds were condensed 

at different condensers. The selective condensation is useful to 

separate the water and chemical compounds from bio-oil compared 

with direct contacting condensing. 

(3) GC-MS Results



*Optimization of a Mixed Additive and its 
Effect on Physicochemical Properties of 
Bio-Oil



The diagram of the whole optimization experiment



Optimization curves of the proportion of (1) a to c and (2) Y to b

Results of Test 2



Project Title：Development of Equipment for Biomass 
Fast Pyrolysis for Bio-oil Production and its 
Demonstration in Thousand Ton Scale 

Organizer: Shanghai JiaoTong University
Partners:1) Zhejiang University

2)Shandong University of  Technology 

3)Guangzhou  Institute of  Energy Conversion, Chinese 
Academy of Science

4)University of Science and Technology of China

5) University of Science and Technology of South China 

6)Liaoyang Hengxing  Company  Ltd

Coordinator of the project: Ronghou Liu

Period：January 2011-December 2013

Budget from MOST：11.76 Million RMB Yuan

Project of Ministry of Science and Technology of China



A demonstration plant of biomass fast pyrolysis with bio-oil yield:10000 t/a in 

Shaanxi  has been jointly built by Shanxi Yingjiliang Company and Shanghai Jiao 

Tong University, China



4.Biochar Application for Soil Amendment

-863 Project by MOST

1)Developed a biochar application machine: 

Scale4753.8-34185.2 kg/h

2) The effect of biochar on soil and plant growth

wood sawdust biochar could reduce the exchangeable 

acidity and aluminum by 84% and 88%, respectively at 

the 5% biochar amendment level. 



Clean combustible gas

Biomass gasification device

Gas holder

5.Biomass gasification

Abandoned peach branches Utilization of 

the agriculture 

wastes



This  paper has been Top 20 Articles, in the Domain of 

Article 17360181, Since its Publication (2008)  

6.Bioethanol



Optimal condition for 

bioethanol 

fermentation:

Fermentation 

temperature:37 °C ,

agitation rate 200 rpm, 

particles stuffing 

rate:25%, 

pH 5.0.

Ethanol yiedl:98.07%, 

Fermentation time 11 

h.



Fermentation device design

BMP Test device and 

CSTR Reactor

Experimental apparatus

7.Biogas



Results and conclusions:

The AHP pretreatment could:

• break down esterified and etherified linkage in lignocellulose

• recover 90% of glucose and 80% of xylose;

• remove 30-50% of lignin;

• increased methane yield and bio-digestibility for certain biomass

It is necessary to utilize of the  liquid waste from the pretreatment.

Objective: 
to increase bio-digestibility and methane yield from crop residues via 

pretreatment
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8.Conclusion

Different conversion technologies can treat 
different types of raw materials, and different 
product can be obtained, there are both advantages 
and disadvantages for any conversion technology. 
Therefore, adequate conversion technology should 
be chosen according to concrete conditions in order 
to promote commercialization of biomass energy.



Thank you！


