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Nearly all 1.5 ℃/2 ℃ scenarios rely on the extensive 
application of BECCS
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[Luderer et al., Nat. Clim. Change 2018]

Sectoral 2016-2100 cumulative emissions
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CO2 fluxes for the 1.5 ℃ scenario

[van Vuuren et al., Nat. Clim. Change 2018]

 BECCS: bioenergy with carbon capture and storage
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However, only relatively small investments are
being made in them …

For a specific region or country, the role of bioenergy 
in mitigation is still vague, which limits the local 
initiatives for bioenergy development

[Global CCS Institute, 2019]



In China, refining the spatial distribution of biomass and its 
energy potential is very necessary
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In recent years, the Chinese Government 
has continuously increased attention to 
biomass and introduced a series of policies 
and measures for bioenergy development.

Two key development principles:
 “Customizing the development of bioenergy to local conditions”
 “Prioritizing distributed utilization”



Previous studies have weakness in spatial resolution and 
often only focus on one type of biomass
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GIS: Geographic Information System; RS: Remote Sensing

The statistical method
and the GIS method are 
widely used, but they 
both have own limitations 
(resolution, data 
availability, uncertainty, 
etc.)



Hence, we proposed a new assessment framework to 
assess the biomass and bioenergy potential in China  
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Questions:
• What is the high-resolution distribution of usable biomass in China? 
• Whether the current technical bioenergy potential can meet near-term policy targets?

Methodologies: 
• An assessment framework integrated with crop growth models, the RS-GIS 

method, and the statistical downscaling method

Objectives: 
• Identifying the spatial distribution of biomass and bioenergy in China
• Laying a foundation for optimal deployment and siting researches



Core equations for estimating usable biomass and technical 
bioenergy potential
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𝐵𝐵 = 𝑁𝑁 × ⁄𝛼𝛼 𝛽𝛽
𝑃𝑃 = 𝐵𝐵 × 𝑟𝑟 × (1 − 𝑐𝑐 − 𝑒𝑒 − 𝑙𝑙)

𝐵𝐵 - biologically available biomass, 
𝑁𝑁 - net biomass, 
𝑃𝑃 - usable biomass for energy production
𝛼𝛼, 𝛽𝛽, 𝑟𝑟, 𝑐𝑐, 𝑒𝑒, 𝑙𝑙 - exogenous parameters

Usable biomass - the amount of biomass that 
can be used for energy production within natural 
(soil, water, etc.) and economic constraints 
(uses for animal feeding, paper making, fiber 
production, etc.) 

𝐸𝐸 = 𝑃𝑃 × 𝐶𝐶 × LHV

𝐸𝐸 - technical bioenergy potential,
𝑃𝑃 - usable biomass for energy production, 
𝐶𝐶 - energy conversion coefficient, 
LHV - lower heating value

Technical bioenergy potential - the amount 
of bioenergy converted from usable biomass 
through current conversion technologies



The general assessment framework
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 The specific assessment methods for 
residues, waste, and energy crops have 
some differences.

 The assumptions of energy conversion 
technologies and efficiencies are made 
based on current conditions.

 The simulation of energy crop consists 
of land suitability assessment and yield 
simulation through crop models GEPIC 
and AquaCrop (Jiang et al., 2019; Nie et al., 

2019).

GDP, population, 
land use, etc.

or/

Assumptions 
based on the 
current technology 
conditions



Types of biomass and bioenergy in this research
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Residues

Waste

Energy
crops

Heat and electricity

Biogas

Bioethanol

Biomass Bioenergy

* MSW: municipal solid waste;  LHV: lower heating value
* Conversion technologies and conversion coefficients may change in the future



Energy crops are assumed to be grown on marginal land 
under two cultivation scenarios
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 Sweet sorghum is chosen as the representative energy 
crop in this study.

 The definition of marginal land and the simulation of yield 
per hectare refer to previous studies (Jiang et al., 2019; Nie et 
al., 2019).

Scenario Description
Sustainable scenario Energy crop cultivation depends solely on rainfall without 

increasing the local water pressure.
Optimal scenario The maximum possibilities of production. Energy crops can be 

cultivated with full irrigation and other optimal environmental 
conditions.



Results Usable biomass distribution at 1-km resolution
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 The southern region has abundant 
forestry residues. The central region 
has plentiful agricultural residues. The 
northeast region is rich in both forestry 
and agricultural residues.

 Water is a significant factor for sweet 
sorghum potential estimation.

Forestry residue Agricultural residue
(dry land)

Municipal solid waste Energy crop 
(sustainable scenario)

Energy crop
(optimal scenario)



Results  Technical bioenergy potential and its distribution
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Electricity and heat Biogas

Bioethanol
(optimal)

Bioethanol
(sustainable)

 Electricity and heat are widely 
distributed in most provinces.

 Biogas has a centralized distribution 
in urban and rural areas.

 Xinjiang and Inner Mongolia account 
for most of the bioethanol potential 
in the optimal scenario.

 Jilin and Heilongjiang are the most 
suitable areas for bioethanol in the 
sustainable scenario.



Results Energy flow of “land-biomass-bioenergy”
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 At the national level, the final 
biogas potential is 1.91 EJ.

 The bioethanol potential is 
0.96 EJ with irrigation and 
0.04 EJ without irrigation, 
satisfying 3.12 times and 
13% of the national E10 
(gasoline containing 10% 
ethanol) mandate in 2020, 
respectively.

 The heat potential (1.06 EJ) 
can contribute 20% of the 
total national demand for 
heating (5.38 EJ).

 Total: 3.01~3.93EJ
Other use: usages for animal feeding, paper making, fiber production, etc. 



Discussion Whether the biomass potential can meet the 
demand of co-firing in coal power plants?
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Biomass potential (residues) Coal-fired power plants

In 2015, there were 980 coal-fired power plants in China and the total installed capacity was 873,103 MW.



Discussion Whether the biomass potential can meet the 
demand of co-firing in coal-fired power plants?
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 Under the co-firing ratio of 20%, only Shanghai cannot meet the demand.
 Under the co-firing ratio of 100%, there are 11 provinces cannot meet the demand.

∆𝐸𝐸 (GJ)

∆E=Biomass potential - biomass demand of co-firing ratio (%)



Discussion Whether the bioethanol potential can meet the 
demand for transportation at the provincial level?
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Bioethanol supply potential 
(optimal scenario)

Bioethanol demand Supply minus demand

 Xinjiang, Tibet, Inner Mongolia, Ningxia, Qinghai, Gansu, Shaanxi, Heilongjiang, and Jilin can 
satisfy the bioethanol demand of the E10 mandate (gasoline containing 10% ethanol); while 
Guangdong, Zhejiang, and Jiangsu have serious shortages (more than 20 PJ).

 The bioethanol demand is calculated based on the nationwide E10 mandate and the gasoline 
consumption of each province in 2015.



Discussion Whether the biomass heat potential can meet 
the demand for urban heating?
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Heat supply potential Heat demand Supply minus demand

 Heat from biomass in most southern provinces can meet the demand for urban heating, 
while Xinjiang, Shandong, Beijing, Tianjin, Liaoning, Heilongjiang, and Jilin cannot.

 The heat demand is estimated according to urban heating days and hot water supply power 
in each province in 2015.



Uncertainties and limitations

18

Uncertainties:
 Parameters chosen for simulation
 Selection of crop models
 Technology development uncertainties
 Definition of the marginal land
 …

Limitations:
 Economic constraints are not 

considered when estimating the 
technical bioenergy potential

 The bioenergy conversion 
technologies are simplified into three 
main types which would be more 
complicated in reality

 Cellulosic crops which may have 
great potentials in the future are not 
considered

 …



Implications and contributions of this work
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For policy design
 The high-resolution biomass and bioenergy potential distribution can help local 

governments to make early decisions on political priorities to develop bioenergy.

For further research
 This work lays a foundation for further researches related to the 

optimal deployment and siting analysis of bioenergy

For other regional/national cases
 The transparent and replicable assessment framework can serve as a 

common research ground for other regions and countries.

Nie, Y. et al. "Spatial distribution of usable biomass feedstock and technical bioenergy potential 
in China." GCB Bioenergy (2019).



Wenjia CAI (Group Leader)

Group introduction: framework
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Case  The uneven distribution of mitigation’s health impacts
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Case  The role of bioenergy in national deep decarbonization 
pathways and its local impacts 
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Bottom-up
 Assessing the biomass and bioenergy potential at a 

high-resolution
 Geospatial analysis, crop models
 Local environmental impacts (water, land use, etc.)

Top-down
 Exploring the demand for biomass and bioenergy to 

realize the national deep decarbonization target
 A hybrid general equilibrium model
 Socio-economic impacts (GDP, employment, welfare, 

trade, etc.)[Weng et al., 2018]

[Nie et al., 2018]



Thanks for your attention!
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A generic model for estimating usable biomass
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𝐵𝐵-biologically available biomass, 𝑁𝑁-net biomass, 𝛼𝛼-proportion of usable biomass in total 
biomass, 𝛽𝛽-carbon concentration in dry biomass
𝑃𝑃-potential of usable biomass for energy production, 𝑟𝑟-fraction of residues in 𝐵𝐵, 𝑐𝑐-propotion of 
biomass that should be returned to the field to maintain soil quality,𝑒𝑒-proportion of the biomass 
used for economic purposes such as animal feed, industry materials, and organic fertilizer, 𝑙𝑙-the 
loss during the entire process

B N α β= ×

𝐵𝐵 = 𝑁𝑁 × ⁄𝛼𝛼 𝛽𝛽

𝑃𝑃 = 𝐵𝐵 × 𝑟𝑟 × (1 − 𝑐𝑐 − 𝑒𝑒 − 𝑙𝑙)
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Methods of biomass feedstocks and bioenergy potential estimation

Residues Waste Energy crops



Application, resolution, and sources of the data and information
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The distribution of usable biomass feedstocks at 1 km resolution in China: (a) forestry residue; (b) shrubbery residue; (c) 
grassland residue; (d) orchard residues; (e) dry land agricultural residue; (f) paddy land agricultural residue; (g) animal 
manure; (h) municipal sewage sludge; (i) municipal solid waste; (j) sweet sorghum in sustainable scenario; (k) sweet 
sorghum in optimal environmental conditions scenario. All the base maps of China in this research are referred from Map 
number: GS(2019)1682

The distribution of usable biomass feedstocks at 1 km resolution in China
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