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World's largest installed capacity of coal-fired power
China's largest source of carbon emissions

China's installed power capacity, power generation and proportion of coal power in 2020



China's Industrial GDP, Energy Consumption and Total Carbon Emission

In 2018, China's total industrial GDP was 30.15 trillion, accounting for 32.18% of the total GDP.

In 2018, China's industrial primary energy consumption was 4.719 billion tons of oil equivalent, accounting for 
65.95% of the total.。

In 2018, China's industrial carbon emissions accounted for 65.94% of the total carbon emissions.
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China’s Carbon Neutrality Goal Faced Challenge

Y Final energy consumption, 
tce（In unit of 108 tons）

Proportion of 
industrial energy 

consumption

Power 
consumption(in 

unit of 108 kwh）

Power 
consumption 

converted into 
coal（in unit of 

104 tons）

Proportion of 

power 
consumption in 

industrial 
energy 

consumption

Energy  
consumption 

in heat 
supply（in
unit of 104

tce）

Proportion of 

heating 
consumption in 

industrial 
energy 

consumption

2013 41.69 69.82% 39,237 85,144 29.57% 202,831 70.43%

2014 42.6 69.40% 40,803 88,543 31.74% 190,390 68.26%

2015 42.99 67.97% 41,550 90,164 33.60% 178,163 66.40%

2016 43.6 66.58% 43,089 93,503 36.04% 165,913 63.96%

2017 44.85 65.66% 46,053 99,935 38.28% 161,128 61.72%

2018 47.19 65.95% 49,095 106,536 12.84% 165,395 87.16%

China’s Total Energy Consumption and Industrial Energy Consumption, 2013-2018

39.18% 60.82%



Policy  

·

<Campaign for Supplying Clean Heat in 
Northeastern Area 2017-2021>, jointly issued by ten 
ministries.  
Supplying bioheat to 2.1 bln m2 by 2021
Supplying natural gas heat to 1.8 bln m2 by 2021
Supplying eletric heat to 1.5 bln m2 by 2021

<Directive on Promoting the Wider Use of 
Bioenergy in Heating>, jointly issued by 
National Development & Reform Commission, 
and National Energy Administration, in 2017. 

国家发改委 能源局印发
《关于促进生物质能供热发展的指导意见》

十部委印发《北方地区冬季
清洁取暖规划（2017-2021）》





Given the current percent of thermal power, if no measures are taken, the carbon emission will reach 5.42 
billion tons by 2030 and 13.16 billion tons by 2060 (assume the annual increase of power demand is 3%)

By 2060, the carbon emission of the power industry should be controlled within 4.02 billion tons

The carbon emission of the power industry needs to be reduced from 0.542 kg/kwh to 0.166 kg/kwh, a 
decrease of 70%, which is a great challenge. The only way out: coal+ biomass cofiring, until the complete 
phase out of coal. 



1st Stage 

Coal-biomass 
cofiring

3rd Stage

Biopower+CCUS2nd Stage

From coal to 
biomass

Low Carbon 

Carbon Neutral

Carbon Negative



Resources  

·

Biomass resources is 2 times of hydroenergy,  or 3.5 times of wind energy

biomass

Data source: Chinese Academy of Engineering 



Resources 

·

Total availability of China's biomass resources: 690 M tce,  
2030 projection: 1.171 bln tce (marginal land included)

Data source: 13th Five-Year-Plan for Development of Bioenergy Industry China's Renewable Energy Industry Development Report 2015



Forestry Biomass Resources 

·

China's forest area: 208 M hec, 
increase of natural forest: 2.15 M 
hec.  

Data source: The 8th National Forest Census 

Total yield of forest vegetation: 17.02 bln tons
total carbon storage: 8.427 bln tons   

Total forestry residue availability: 120 M tce



Agro Residue Resources 

·

Total availability of China's biomass resources: 690 M tce,  
2030 projection: 1.171 bln tce (marginal land included)

Data source:  National Statistics Bureau 2015 data

Agro residue availability in 13 major grain producing provinces in China

Distribution of various straw resources in China 





Fuel Quality Analysis Lab     

Fuel quality analysis lab



Fuel Quality Analysis      
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Chemical Property of Agro Residue   

High content of Si, K, and alkali induced slagging, which limits the wider use of agro residue. 



Quality Analysis Standard      

National standards to follow for quality analysis  

Nr. Assay Analyzer National standard 

1 heat value calorimeter GB/T 30727-2014

2 Moisture, ash, volatile 
matters, fixed carbon industrial analyzer GB/T 28731-2012

3 whole sulfur sulfur analyzer GB/T 28732-2012

5 ash melting ash melting analyzer GB/T 30726-2014

6 moisture moisture analyzer GB/T 28733-2012

7 carbon, hydrogen, 
nitrogen 

carbon, hydrogen and 
nitrogen analyzer GB/T 30732-2014

8 fluorine, chlorine fluorine,chlorine analyzer GB/T 30729-2014



Analysis Results       

Fule 
Moisture ash volatile sulfure whole 

water Heat value 
sample origin 

Mad（%） Ad（%） Vd（%） St，d（%） Mt（%） Qb,ad(MJ/kg)
（kal/kg）

Qgr，d(MJ/kg)
（kal/kg）

Qnet,ar(MJ/kg)
（kal/kg）

pine pellet 1.18 0.6 84.69 0.06 6.34 20.18 20.42 17.72
4237.21 满洲里

poplar pellet 2.5 8.93 75.24 0.03 8.62 17.95
4292.20

18.14
4337.63

15.5
3706.36 长 春

straw pellet 0.92 4.98 76.42 0.06 9.18 18.20 18.37 15.32
3663.32 舒 兰

straw pellet 2.30 16.66 66.76 0.06 6.18 16.25 16.63 14.14
3445.72 长 春

straw pellet 0.66 22.56 64.84 0.14 5.64 15.13 15.23 13.26
3170.73 四 平

rice husk pellet 1.06 16.58 66.86 0.04 7.83 16.41 16.58 14.07
3364.42 黑龙江

rice husk pellet 1.30 16.52 67.44 0.04 8.24 16.46 16.68 14.08
3366.81 舒兰市

peanut shell pellet 2.40 11.15 70.22 0.12 11.68 17.63 18.06 14.63
3498.33 辽 宁

peanut shell pellet 1.78 10.34 70.50 0.04 10.63 17.94 18.26 15.00
3586.80 松 原

Wood pellet: highest heat value
Rice husk: easy  access, low cost, ash content high 
Straw pellet: high moisture, ash content high, instable heat value



Challenges    

Physical and chemical property induced fouling, 
slagging, corrosion (high alkali content, low ash 
melting point, etc). 



Solid Biomass Fuel Standard

Basic 
standards 

Standards

Specialized 
standards

General 
standards

术语-7项：国标（GB-3项）、能源局标准（NB-2项）、
农业农村部标准（NY-2项）

原料收储运标准-7项：国标（GB-3项）、能源局标准（NB-2项）、
农业农村部标准（NY-2项）

质量分级标准-2项：能源局标准（NB-1项）、农业农村部标准（NY-2项）

取样、制样标准-7项：国标（GB-3项）、 农业农村部标准（NY-4项）

物理特性和试验方法-22项：国标（GB-8项）、农业农村部标准（NY-12项）、
能源局标准（NB-1项）、林草局标准（LY-1项）

建设规划和设计规范-15项：国标（GB-1项）、能源局标准（NB-9
项）、农业农村部标准（NY-3项）、林草局标准（LY-2项）

设备技术条件和试验方法-21项：农业农村部标准（NY-5项）、能
源局标准（NB-15项）、林草局标准（LY-1项）

化学特性和试验方法-5项：国标（GB-4项）、能源局标准（NB-1项）

燃料-3项：国标（GB-1项）、林业标准（LY-2项）
锅炉-1项：（NB-1项）；燃烧器-1项：（NB-1项）
炊事炉具-1项：（GB-1项）

标准统计中含生物质原料标准

Establishment a biomass solid fuel 
standard system since 2008, covering 
feedstock logistics, solid fuel 
production equipment, fuel quality, 
and combustion. 
21 national standards and 65 
industrial standards



industrial 
boilers

steam
heat

coal boiler

oil/gas boiler 

electric boiler
biomass boiler

heat recovery boiler

460000，2.99 mn 
MW

10t ↓
qty 65%，vol 20%

10-20t
qty 17%, vol 14%

35t  ↑
qty 9%， vol 52%

20-35t
qty 9%，vol 14%

650000，
3.50 mn MW

85%
（vol）

14%

1-2%

140000，
500000MW

Statistics on heat only boilers 

10000，30000MW

Coal→biomass solid fuel, market potential: 400 bln CNY. 

市场条件Market  



Market  

·

Total heat supply: 586 mil. tons ≈ 146.5 bln CNY.  

Total heat supply to 11 industrial manufacturing sectors in 2017  

auto 

food  

power/heat production 

chemical fiber 

drug production 

nonferrous metal smelting 

pulp/ paper 

textile  

ferrous metal smelting

petro

chemical 

Data source: China Energy Statistics Yearbook 2018



Market  

·

Projected market size 480 bln CNY
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Sustained growth of heat supply in urban area in China, 2000-2015

10% y-on-y growth 

area 1×108 m2 growth 



Fuel Heat value Unit price Unit heat price Efficiency Heat 
value/cost

straw pellet

coal 

3200

5000

kcal/kg

kcal/kg

600

700

CNY/t

CNY/t

52.69

51.44 

CNY/GJ

CNY/GJ

85

65%

1

0.98

wood pellet 4100 kcal/kg 1100 CNY/t 75.39 CNY/GJ 85% 1.43

NG 8600 kcal/m3 3.5 CNY/m3 105.66 CNY/GJ 92% 2.01

electricity 860 kcal/kWh 1 CNY/kWh 286.32 CMY/GJ 97% 5.43

备注：煤价、天然气和商业用电价格依据当地价格计算。以上测算为产生同等热量单价比。公式：单位热量÷热值×单价×效率

Straw is a cost efficient fuel

Economical  Comparison 



Emission Comparison       

Boiler type Applicable 
area 

ash/dust 
mg/ m3

SO2

mg/ m3
NOx

mg/ m3

coal fired boiler 
natural draft 

furnace class I 50 300 300

other boilers class I 50 300 300

oil fired boiler 
light diesel class I 30 200 250

other fuel oil class I 30 200 250

gas fired boiler all areas 20 50 200

National limits for coal/oil/gas fired boilers  



Emission  Comparison   

Limits for biomass boilers in Jilin Province, Northern China 

吉林省生物质成型燃料锅炉大气污染排放标准（DB22/T 2581—2016）

Pollutant Limit Sampling point 

Particulate matter 

NOx 

SO2

Ringelman blackness

stack/duct

stack/duct 

discharge outlet   



Case Study 

Conversion of coal fired energy system (5* 56MW boilers ) into wood pellet fired plant for auto industry in 2015

Before conversion After conversion 

China's biggest bioheat supply project with emission as same as NG without SNCR 

Wood pellet 



Case Study 

Supplying heat to universities (1.2M m2 in total ) by using rice husk pellet 



Case Study 

Supplying steam (2*10.5MW biomass boiler) to drug producer  Fuel: peanut shell pellet  



Case Study 

Multi-generation technology - cool, heat,electricity, 
steam, fertilizer. Total investment: 310M CNY. 

Use of corn straw 



Supplying steam to agricultural products processing factory by 
combustion of wood chips in Northern China.

Ultra low emission (10，35，50）

Case Study 



Case Study

Coal fired grain drying system → biomass fired system 

Briquette fuel made from corn 
straw  is used to dry grain 



Carbon Neutral Bioheat 

Carbon neutral 
industrial zone

Carbon neutral city 

Carbon neutral town 

Supplying steam to industrial manufacture
Marginal condition：steam demand, 200,000t corn straw

Supplying heat/steam to city
Marginal condition: heat+steam demand,300,000t corn straw

Supplying bioheat to town
Marginal condition:100,000t corn straw, 200,000m2+

Principle: local origin, local use



Thanks 


