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1. Supplementary Figures 

 

 

Figure S1 Production Mix (PM) of intermediates chemicals from the feedstock. The 
proportions were traced by carbon elements embodied in products. 
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Figure S2. Uncertainty ranges (±) of the PM of primary chemicals and other chemicals 
(plastics, fibers, rubbers, fertilizers, explosives, fuels, and additives) from the feedstock. 
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Figure S3. Uncertainty ranges (±) of the Production Mix (PM) of intermediates and other 

chemicals by feedstock.  
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Figure S4. Consumption Mix (CM, including import/export) of primary chemicals by 

feedstock. The proportions were traced by carbon elements embodied in input reactant 

consumption. 
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Figure S5. Consumption Mix (CM, including import/export) of chemicals (plastics, fibers, 

rubbers, fertilizers, explosives, fuels, and additives) by feedstock. The proportions were 

traced by carbon elements embodied in input reactant consumption. 
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Figure S6. Consumption Mix (CM, including import/export) of intermediates and other 

chemicals by feedstock. The proportions were traced by carbon elements embodied in input 

reactant consumption. 
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Figure S7. Process-related and Energy-related Carbon Emissions of Primary Chemicals 

Production (at the upper boundary of the uncertainty range). The Y-axis indicates the carbon 

emission per unit product (ton CO2 per ton product). The X-axis is the output of an individual 

product. In this form, each rectangle area represents the total emission of production per 

product, differentiated by process-related emission (in yellow) and energy-related emission 

(in blue). 
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Figure S8. Process-related and Energy-related Carbon Emission of Primary Chemicals 

Production (at the lower boundary of uncertainty range). The Y-axis indicates the carbon 

emission per unit product (ton CO2 per ton). The X-axis is the output of an individual product. 

In this form, each rectangle area represents the total emission of production per product, 

differentiated by process-related emission (in yellow) and energy-related emission (in blue). 
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Figure S9. Cumulative carbon emissions breakdown by product 

 

 

Figure S10. Cumulative carbon emissions breakdown by process 

 

 

Figure S11. Cumulative carbon emissions breakdown by feedstock 
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Figure S12. Scenario Analysis up to 2030. (a) Three scenarios for 2030 based on 
changes since 2017. (b) Categories of emission increases and reductions are 

classified according to primary chemicals. 

  

-100

-50

0

50

100

150

200

250

Ethylene PropyleneButadiene Butene BTX Ammonia Methanol

C
O

2
 e

m
is

si
o

n
 (

M
t)

BAU growth Grid improvement Technology improvement

(a) (b)



13 

 

Figure S13. Upstream Material Transformation 

 

 

Figure S14. Downstream Material Transformation: Ethylene 
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Figure S15. Downstream Material Transformation: Propylene 

 

 

Figure S16. Downstream Material Transformation: C4 and BTX 
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Figure S17. Downstream Material Transformation: Ammonia 

 

 

Figure S18. Downstream Material Transformation: Methanol and Calcium Carbide 
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2. Supplementary Notes 

In this section, we outline the methodology for constructing a material flow model to 

analyze fossil hydrocarbon metabolism. The specific coefficients, processes, and data 

sources employed are comprehensively detailed in the Supplementary 

Data_S2_Flows.xlsx file.  

Acknowledging significant regional variations in the technical parameters of chemical 

processes and plants within China, our research encompassed an extensive review of 

technical papers, engineering manuals, factory case studies, and environmental 

impact assessments, predominantly available in Chinese.  

To facilitate accessibility, our reference sheet in Supplementary Data_S2_Flows.xlsx 

includes the original Chinese citations, their English translations, and URLs for 

reference. The parameters and sources we utilized are systematically documented in 

various sections of the Supplementary Data_S2_Flows.xlsx file. 

2.1 Modelling Chemical Flows  

Primary chemicals, including ethylene, propylene, C4 olefins (butene, butadiene), BTX 

(benzene, toluene, o-xylene, m-xylene, p-xylene), methanol, ammonia, and calcium 

carbide, are the focus of our study. Data on their yield, imports, and exports, along 

with relevant references, are presented in Table S1.1.1, located in sheet 1.1 of 

Supplementary Data_S2_Flows.xlsx. 

We have identified 21 primary chemical production processes and five processes that 

directly utilize fossil hydrocarbons. These are categorized into three groups, each of 

which will be discussed in detail in subsequent sections. For comprehensive 

understanding, the input data and calculation methodology are available in sheets 1.1 

to 1.4 of Supplementary Data_S2_Flows.xlsx.  

2.1.1 Steam cracking and other oil-based processes 

(1) Steam cracking 

Process description:  

• Input - light feedstock (ethane, light diesel, etc.) and heavy feedstock (naphtha, 

heavy oil, etc.) 

• Output - ethylene, propylene, C4 mixture, C6-C8 mixture, others. 

Calculation steps:  

(1) Calculate the mass of ethylene produced by steam cracking. 

(2) Calculate the mass of input and output based on process-based coefficients. 

(3) Calculate the indirect carbon emission of steam cracking. 

Calculation details:  

The computation of chemical processes in this study involves a series of steps utilizing 
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various data sources. To illustrate the calculation intricacies, we provide an example 

for each category: oil-based, syngas, and coke-related processes. The complete results 

for all processes are detailed in Supplementary Data_S2_Flows.xlsx. Note the absolute 

values presented are in 10kt (10,000 tons) units. 

 

(1) Calculate the mass of ethylene produced by steam cracking:  

Ethylene yield from steam cracking (1457.4 [10kt]) = Total ethylene production 

(1821.8) × the percentage of ethylene from steam cracking (80%). 

(2) Calculate the mass of input and output based on process-based coefficients:  

i). Total input and output (4364.8) = Ethylene yield from steam cracking (1475.4) 

÷ the Proportion of ethylene from steam cracking (33.4%). 

ii). Inputs: 

Light feed input (593.6) = Total input and output (4364.8) × Proportion of light 

feedstocks in steam cracking feedstocks (13.6%). 

Heavy feed input (3771.2) = Total input and output (4364.8) × Proportion of 

heavy feedstocks in steam cracking feedstocks (86.4%). 

iii). Outputs: 

Propylene yield from steam cracking (763.5) = Total input and output (4364.8) 

× Proportion of propylene in the output (17.5%) 

The yields of the other products are calculated similarly for propylene. 

(3) Calculate the indirect carbon emission of steam cracking: The calculation process 

can be found in the “carbon emission” part below. 

Note: In actual production, the C4 and C6-C8 mixtures will further undergo an 

extraction process, resulting in chemicals and residual oil, which may be returned to 

the cracker as feedstock. In this study, to simplify the calculation, we assumed that 

the C4 mixtures were all converted to butene and butadiene, and the C6-C8 mixtures 

were all converted to BTX aromatics. 

(2) Catalytic cracking 

Process description:  

• Input - naphtha.  

• Output - propylene. 

Calculation steps:  

(1) Calculate the mass of propylene produced by catalytic cracking. 

(2) Calculate the mass of total input based on process-based coefficients. 

(3) Calculate the indirect carbon emission of catalytic cracking. 

Note: In the actual production, the catalytic cracking process produces complex 

products such as gasoline, diesel, etc. and propylene is usually not the main product. 

In this study, we focused on the feedstock use of fossil hydrocarbons. Therefore, from 

a mass allocation point of view, we assumed the catalytic cracker supplies propylene 

only. 
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(3) Reforming 

Process description:  

• Input - naphtha.  

• Output - BTX aromatics. 

Calculation steps:  

(1) The naphtha used for steam cracking and catalytic cracking is included in the 

previous part. 

(2) The rest of the naphtha (including import) is all used for reforming. 

(3) The mass of BTX aromatics produced by steam cracking is included in the 

previous part. 

(4) Calculate the mass of BTX aromatics produced by reforming. 

(5) Calculate the mass of other output based on process-based coefficients. 

(6) Calculate the indirect carbon emission of reforming. 

(4) Dehydrogenation of propane and butene 

Process description: 

C3H8 → C3H6 + H2 

C4H8 + 0.5 O2 → C4H6 + H2O 

Calculation steps:  

(1) Calculate the mass of propylene and butadiene produced by dehydrogenation. 

(2) Calculate the mass of propane and butene based on process-based coefficients. 

(3) Calculate the mass of other input and output based on stoichiometry. 

(4) Calculate the indirect carbon emission of dehydrogenation. 

2.1.2 Syngas process and methanol-to-olefin 

In this study, we expressed coal as CH0.723 with a purity of 72.3% 1; natural gas was 

written as CH3.886 with a purity of 94.4% 2; and coke oven gas was assumed as CH6 (CH4: 

H2 = 1:1) with a purity of 95.0%3. We use uncertainty (Monte Carlo) simulation to 

estimate the uncertainty interval brought by different feedstock varieties. Note the 

absolute values presented are in 10kt (10,000 tons) units. 

(1) Ammonia 

Process description: 

6CH0.723 + 6H2O + 3O2 + 2.723N2 → 5.446NH3 + 6CO2 

6CH3.886 + 12H2O + 7.886N2 → 15.772NH3 + 6CO2 

Calculation steps:  

(1) Calculate the mass of ammonia produced by the coal-based and gas-based 



19 

processes. 

(2) Calculate the mass of coal and natural gas based on process-based coefficients. 

(3) Calculate the mass of other input and output based on stoichiometry. 

(4) Calculate the indirect carbon emission of ammonia production. 

Calculation details:  

(1) Calculate the mass of ammonia produced by the coal-based and gas-based 

processes:  

i. The mass of ammonia produced by the coal-based process (4278.6) = Total 

ammonia production (5629.8) × Proportion of ammonia from the coal-

based process (76%). 

ii. The mass of ammonia produced by the gas-based process (1351.2) = Total 

ammonia production (5629.8) × Proportion of ammonia from the gas-

based process (24%). 

(2) Calculate the mass of coal and natural gas based on process-based coefficients:  

i. The mass of coal input (5348.3) = The mass of ammonia produced by the 

coal-based process (4278.6) × Coefficients for the coal-based process to 

produce ammonia (1.250). 

ii. The mass of natural gas input (878.2) = The mass of ammonia produced by 

the gas-based process (1351.2) × Coefficients for the gas-based process to 

produce ammonia (0.650). 

(3) Calculate the mass of other input and output based on stoichiometry:  

For example, the mass of nitrogen input in the coal-based process (3856.9) = The 

mass of coal input (5348.3) × Purity of coal (72.3%) ÷ 12.74 ÷ 6 × 2.732 × 28.0 

(4) Calculate the indirect carbon emission of ammonia production. 

(2) Methanol 

Process description: 

6CH0.723 + 3O2 + 3.277H2O → 2.723CH4O + 3.277CO2 

7.886CH3.886 + 6H2O + 3.772O2 → 7.886CH4O + 5.658H2O 

CH4 + 2H2 + 1.5O2 → CH4O + 2H2O 

Calculation steps:  

(1) Calculate the mass of methanol produced by coal-based, natural gas-based, 

and coke oven gas-based processes. 

(2) Calculate the mass of coal, natural gas, and coke oven gas based on process-

based coefficients. 

(3) Calculate the mass of other input and output based on stoichiometry. 

(4) Calculate the indirect carbon emission of methanol production. 
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(3) Ethylene glycol (coal-based) 

Process description: 

24CH0.723 + 14.723O2 + 13.108H2O → 5.446C2H6O2 + 13.108CO2 + 5.446H2O 

Calculation steps:  

(1) Calculate the mass of ethylene glycol produced by coal-based processes. 

(2) Calculate the mass of coal based on process-based coefficients. 

(3) Calculate the mass of other input and output based on stoichiometry. 

Note: In the actual production, there are four steps in ethylene glycol production 4, 

including (i)syngas production; (ii)methyl nitrite production; (iii)dimethyl oxalate 

production; (iv)dimethyl oxalate reduction. Here we gave a simplified overall reaction 

to the four steps. 

(4) Hydrogen, Carbon monoxide, and Synthetic gas (coal-based) 

Process description: 

2CH0.723 + 2H2O + O2 → 2.723H2 + 2CO2 

4CH0.723 + 2.723O2 → 4CO + 1.446H2O 

6CH0.723 + 3O2 + 3.277H2O → 2.723 (CO + 2H2) + 3.277CO2 

Calculation steps:  

(1) Calculate the mass of hydrogen, carbon monoxide, and synthetic gas (CO: H2 = 

1:2) produced by coal-based processes. 

(2) Calculate the mass of input and output based on stoichiometry. 

(5) Methanol-to-Olefin 

Process description: 

2CH4O → C2H4 + 2H2O 

3CH4O → C3H6 + 3H2O 

Calculation steps:  

(1) Calculate the mass of ethylene produced by the MTO process. 

(2) Calculate the mass of propylene produced by the MTO and MTP processes. 

(3) Calculate the mass of methanol based on process-based coefficients. 

(4) Calculate the mass of other input and output based on stoichiometry. 

(5) Calculate the indirect carbon emission of coal-to-olefin processes. 

Note: In actual production, there are two methanol-to-olefin processes: MTO (product: 

ethylene: propylene = 1:1) and MTP (product: nearly pure propylene)5. In this study, 

from the perspective of mass allocation, we assume MTO as a combination of both 

reactions and MTP as reaction 2. 
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2.1.3 Coke, calcium carbide, and vinyl acetate production 

(1) Calcium carbide (Electrothermal process) 

Process description:  

CaCO3 + 3C + 0.5O2 → CaC2 + 2CO2 

Calculation steps:  

(1) Calcium carbide is all produced by the electrothermal process. 

(2) Calculate the mass of coke and calcium carbonate based on process-based 

coefficients. 

(3) Calculate the mass of other input and output based on stoichiometry. 

(4) Calculate the indirect carbon emission of electrothermal processes. 

Calculation details:  

(1) Calcium carbide is all produced by the electrothermal process, i.e. The mass of 

carbide produced by the electrothermal process (2673.0) = Total carbide 

production (2673.0). 

(2) Calculate the mass of coke and calcium carbonate based on process-based 

coefficients:  

i. The mass of coke input (1603.8) = The mass of carbide produced by the 

electrothermal process (2673.0) × Coefficients for the electrothermal 

process to produce carbide (0.600). 

ii. The mass of calcium carbonate input (5346.0) = The mass of carbide 

produced by the electrothermal process (2673.0) × Coefficients for the 

electrothermal process to produce carbide (2.000). 

(3) Calculate the mass of other input and output based on stoichiometry:  

(4) For example, the mass of oxygen input in the electrothermal process (663.8) = 

The mass of coke input (1603.8) × Purity of coke (93.2%) ÷ 12.01 ÷ 3 × 0.5 × 

32.0 

(5) Calculate the indirect carbon emission of electrothermal processes. 

Note: In actual production, there are three steps in calcium carbide production, 

including (i)thermal decomposition of limestone; (ii)formation of calcium carbide; and 

(iii)disposal of carbon monoxide. Here we present the overall reaction of the three 

steps. 

(2) Coke (Coking) 

Process description: Input - coal. Output - coke, benzene, coke oven gas. 

Calculation steps:  

(1) The mass of coke, benzene (coal-based), and coke oven gas is calculated in the 

previous process. 

(2) Calculate the mass of total input based on process-based coefficients. 

(3) Calculate the indirect carbon emission of coking. 
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Note: In actual production, the coking process has a certain proportion of output 

composition. In this study, we distribute them proportionally according to the mass 

allocation. 

(3) Vinyl acetate (Methane-based process) 

Process description:  

180CH4 + 121O2 + 32C2H4O2 → 32C4H6O2 + 14CO2 + 102CO + 216H2 + 112H2O 

Calculation steps:  

(1) Calculate the mass of vinyl acetate produced by methane-based processes. 

(2) Calculate the input and output based on stoichiometry. 

Note: In the actual production, there are two steps in vinyl acetate produced from 

methane, including (i) thermal decomposition of methane and (ii) addition of 

acetylene and acetic acid6. Besides methane-based processes, vinyl acetate can also 

be produced by the ethylene-based process and calcium carbide-based process, which 

is given in the second part of the calculation. 
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2.2 Trace Production Mix and Feedstock Intensity 

Further details about consumption mix (𝐶𝑀):  

𝐶𝑀𝑐𝑜𝑎𝑙,𝑖−1: Adjusted production mix considering the production mix of imported and 

exported chemicals for chemical 𝑖 − 1.  

Taking benzene as an example, 𝑃𝑀𝑐𝑜𝑎𝑙,𝑏𝑒𝑛𝑧𝑒𝑛𝑒 = 26% . According to experts’ 

suggestions, the benzene imported into China was oil-based. Consequently, after the 

adjustment, 𝐶𝑀𝑐𝑜𝑎𝑙,𝑏𝑒𝑛𝑧𝑒𝑛𝑒 = 21%.  

Moreover, the products of a particular process may have only an exclusive use due to 

the design of the factory (especially for Refinery-Chemical Integration). For example, 

ethylene and propylene produced from coal are generally only used for polyethylene 

and polypropylene production typically. Those coal-based ethylene and propylene are 

not used for epoxyethane or acrylonitrile production. 

The 𝑃𝑀 is given in Figure 3 and Figure 4. See Figure S5 - S7 for the 𝐶𝑀 which includes 

the import/export. 

The 𝐹𝐼 (feedstock intensity) of eight synthetic polymers, the yield of recycled plastic 

pellets, and theoretical fossil feedstock conservation are presented in Supplementary 

Data_S2_Flows.xlsx. 
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2.3 Carbon Emissions of Primary Chemicals Production 

In this study, we apply the coefficient-based carbon accounting method to check the 

scope 2 carbon emissions for the 21 primary chemical production processes. The 

process-based carbon emission has been calculated using stoichiometry. For the 

energy-based carbon emission, use the following equation: 

𝐶𝑂2,𝑖𝑛𝑑 = ∑ 𝑄𝑗 · 𝐸𝑗

𝑗=𝑒,ℎ

 

The electricity emission factor 𝑄𝑒: 4.880 tCO2/tce. It is calculated as follows: 

We used the average emission factor of the power grid as published by the Chinese 

government (Climate Change of the People’s Republic of China Second Biennial 

Update Report (2018)): 

https://www.mee.gov.cn/ywgz/ydqhbh/wsqtkz/201907/P020190701765971866571.

pdf; and Guidelines for Corporate Greenhouse Gas Emissions Accounting 

Methodology and Reporting - Power Generation Facilities (2021 version): 

https://www.mee.gov.cn/xxgk2018/xxgk/xxgk06/202112/W0202112027870498082

23.pdf). For reference, this factor was 0.6101 tCO2/MWh in 2015 and reduced to 

0.5839 tCO2/MWh by 2020. In this way, we can derive the compound annual growth 

rate (CAGR) of the emission factor as: 

𝐶𝐴𝐺𝑅 = √
0.5839

0.6101

(2020−2015)

− 1 = −0.874% 

So the 2017 carbon emission factor can be calculated as: 

0.6101 × (1 − 0.874%)2 = 0.5995 tCO2/MWh 

In this study, due to the non-uniform original data units and confidentiality of some 

data, we opted to use tons of standard coal (tce) as the consistent unit for our 

emission coefficients. The "ton of standard coal" is a unit frequently employed in 

Chinese industrial production, symbolizing any energy source with a calorific value of 

7×10^6 kcal. Thus, the conversions are: 

1 tce = 7 × 106kcal = 29307.6 MJ = 8141 kWh 

Transforming this emission factor into the unit of tCO2/tce, we obtain the emission 

coefficient grounded on tce as: 

𝑄𝑒 = 0.5995tCO2/MWh × 8.141MWh/tce = 4.880 t CO2/tce 

The heat emission factor 𝑄ℎ: 2.870 tCO2/tce (Calculated according to the energy mix 

of heat supply)7. 

The electricity consumption 𝐸𝑒  (tce/t) and heat consumption 𝐸ℎ  (tce/t): from plant 

data. The units of raw data include MJ, kWh, tce, etc. Some plant data is confidential. 

The harmonized energy consumption data (tce/t) are presented in Table S1.1.2 in 

https://www.mee.gov.cn/ywgz/ydqhbh/wsqtkz/201907/P020190701765971866571.pdf
https://www.mee.gov.cn/ywgz/ydqhbh/wsqtkz/201907/P020190701765971866571.pdf
https://www.mee.gov.cn/xxgk2018/xxgk/xxgk06/202112/W020211202787049808223.pdf
https://www.mee.gov.cn/xxgk2018/xxgk/xxgk06/202112/W020211202787049808223.pdf
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sheet 1.1 of Supplementary Data_S2_Flows.xlsx. 

 

Here are two examples for the coefficient-based carbon accounting: 

2.3.1 Coal-based ammonia production 

Coal-based ammonia production is a process characterized by significant direct 

emissions. This example serves to demonstrate the calculation of carbon emissions for 

a single process. A schematic diagram is used to illustrate the various stages of this 

process: 

 

The following mass balance result is retrieved from sheet 1.3 in Supplementary Data 

S2: 

Input Mass (10kt) Output Mass (10kt) 

Coal 5348.3 NH3 4278.6 

H2O 5463.3 CO2 13354.8 

O2 3237.5 loss 272.6 

N2 3856.9 sum 17906 

So the direct carbon intensity can be calculated as follows: 

𝐶𝑂2,𝑑𝑖𝑟 =
𝑡𝑜𝑡𝑎𝑙 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠

𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦
=

13354.8 10ktCO2

4278.6 10ktNH3
= 3.12 tCO2/tNH3 

The total electricity and heat consumption to produce 1t NH3 (from the plant data) is: 

Electricity consumption: 0.184 tce 

Heat consumption: 0.159 tce 

 

We can calculate the 𝐸𝑒 and 𝐸ℎ to produce 1t NH3 as follows: 

𝐸𝑒 =
𝑡𝑜𝑡𝑎𝑙 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦
=

0.184 tce

1tNH3
= 0.184 tce/tNH3 

𝐸ℎ =
𝑡𝑜𝑡𝑎𝑙 ℎ𝑒𝑎𝑡 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦
=

0.159 tce

1tNH3
= 0.159 tce/tNH3 
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The indirect carbon intensity can be calculated as follows: 

𝐶𝑂2,𝑖𝑛𝑑 = ∑ 𝑄𝑗 · 𝐸𝑗

𝑗=𝑒,ℎ

= 4.88tCO2/tce × 0.184tce/tNH3 + 2.87tCO2/tce × 0.159tce/tNH3

= 1.36 tCO2/tNH3 

 

The total carbon intensity of the coal-to-ammonia process can be calculated as follows: 

𝐶𝑂2 = 𝐶𝑂2,𝑑𝑖𝑟 + 𝐶𝑂2,𝑖𝑛𝑑 = 3.12 tCO2/tNH3 + 1.36 tCO2/tNH3 = 4.48 tCO2/tNH3 

 

The total carbon emission of the coal-to-ammonia process can be calculated as follows: 

𝐶𝑂2,𝑡𝑜𝑡𝑎𝑙 = 𝐶𝑂2 × 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 = 4.48 tCO2/tNH3 × 4278.6 10ktNH3

= 192 MtCO2 

 

We can also calculate the total indirect carbon emission: 

𝐶𝑂2,𝑖𝑛𝑑,𝑡𝑜𝑡𝑎𝑙 = 𝐶𝑂2,𝑖𝑛𝑑 × 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 = 1.36 tCO2/tNH3 × 4278.6 10ktNH3

= 58 MtCO2 

 

2.3.2 Steam cracking 

Steam cracking, a process with negligible direct emissions and multiple products, 

serves as an example to illustrate our allocation method. This method mirrors that 

used in refinery processes, where the Share of Mass Content (SMC) of each product is 

calculated for allocation8. A schematic diagram of the process is presented to detail 

this approach: 

 

 

The following mass balance result for the steam cracking unit is retrieved from sheet 

1.2 in Supplementary Data S2: 

Input Mass (10kt) Output Mass (10kt) 
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Light feed 593.6 Ethylene 1457.4 

Heavy feed 3771.2 Propylene 763.5 

  C4 411.9 

  C6-C8 770.5 

sum 4364.8 others 961.5 

 

Here we assume the direct carbon intensity is 0 for steam cracking. 

 

The total electricity and heat consumption for the steam cracking unit to produce 1t 

ethylene (average of the light feed and heavy feed, from the plant data) is: 

Electricity consumption: 0.051 tce; Heat consumption: 1.068 tce 

 

The total electricity and heat consumption for the extraction1 unit to produce 1t C4 

olefins from 1t C4 components (from the plant data) is: 

Electricity consumption: 0.016 tce; Heat consumption: 0.165 tce 

 

The total electricity and heat consumption for the steam cracking unit to produce 1t 

BTX aromatics from 1t C4-C8 component (from the plant data) is: 

Electricity consumption: 0.011 tce; Heat consumption: 0.146 tce 

 

We set the quantity of ethylene to 1 and we can get the normalized table: 

Input Mass (t) Output Mass (t) 

Light feed 0.4 Ethylene 1.0 

Heavy feed 2.6 Propylene 0.5 

  C4 0.3 

  C6-C8 0.5 

sum 3.0 others 0.7 

 

We allocate the carbon emission of the process to all the products (ethylene, 

propylene, C4, C6-C8, and others). According to the principle of mass allocation, the 

energy consumption intensity 𝐸𝑒,ℎ  (tce/t) of each product (output) in the steam 

cracking unit is equivalent. We can calculate them as follows: 
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𝐸𝑒,𝑐𝑟𝑎𝑐𝑘𝑖𝑛𝑔 =
𝑡𝑜𝑡𝑎𝑙 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦

=
0.051 tce

(1 + 0.5 + 0.3 + 0.5 + 0.7) t product
= 0.017 tce/t product 

𝐸ℎ,𝑐𝑟𝑎𝑐𝑘𝑖𝑛𝑔 =
𝑡𝑜𝑡𝑎𝑙 ℎ𝑒𝑎𝑡 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦
=

1.068 tce

(1 + 0.5 + 0.3 + 0.5 + 0.7) t product

= 0.356 tce/t product 

 

The energy intensity for the extraction unit can be calculated as follows 

𝐸𝑒,𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛1 =
𝑡𝑜𝑡𝑎𝑙 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦
=

0.016 tce

1 t product

= 0.016 tce/t product 

𝐸ℎ,𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛1 =
𝑡𝑜𝑡𝑎𝑙 ℎ𝑒𝑎𝑡 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦
=

0.165 tce

1 t product
= 0.165 tce/t product 

𝐸𝑒,𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛2 =
𝑡𝑜𝑡𝑎𝑙 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦
=

0.011 tce

1 t product

= 0.011tce/t product 

𝐸ℎ,𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛2 =
𝑡𝑜𝑡𝑎𝑙 ℎ𝑒𝑎𝑡 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦
=

0.146 tce

1 t product
= 0.146 tce/t product 

 

The carbon intensity and carbon emission of each product can be then calculated: 

Ethylene: 

𝐶𝑂2,𝑖𝑛𝑑,𝑒𝑡ℎ𝑦𝑙𝑒𝑛𝑒 = ∑ 𝑄𝑗 · 𝐸𝑗

𝑗=𝑒,ℎ

 

= 0.017 tce/t × 4.880 tCO2/tce + 0.356 tce/t × 2.870 tCO2/tce 

= 1.10 tCO2/t C2H4 

𝐶𝑂2,𝑒𝑡ℎ𝑦𝑙𝑒𝑛𝑒 = 𝐶𝑂2,𝑖𝑛𝑑,𝑒𝑡ℎ𝑦𝑙𝑒𝑛𝑒 × 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦

= 1.10 tCO2/tC2H4 × 1457.4 10ktC2H4 = 16 MtCO2 

 

Propylene: 

𝐶𝑂2,𝑖𝑛𝑑,𝑝𝑟𝑜𝑝𝑦𝑙𝑒𝑛𝑒 = 𝐶𝑂2,𝑖𝑛𝑑,𝑒𝑡ℎ𝑦𝑙𝑒𝑛𝑒 == 1.10 tCO2/t C3H6 

𝐶𝑂2,𝑝𝑟𝑜𝑝𝑦𝑙𝑒𝑛𝑒 = 𝐶𝑂2,𝑖𝑛𝑑,𝑝𝑟𝑜𝑝𝑦𝑙𝑒𝑛𝑒 × 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦

= 1.10 tCO2/tC3H6 × 763.5 10ktC3H6 = 8.4MtCO2 

 

C4 olefin: 

𝐶𝑂2,𝑖𝑛𝑑,𝐶4 𝑜𝑙𝑒𝑓𝑖𝑛 = 𝐶𝑂2,𝑖𝑛𝑑,𝑒𝑡ℎ𝑦𝑙𝑒𝑛𝑒 + ∑ 𝑄𝑗,𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛1 · 𝐸𝑗,𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛1

𝑗=𝑒,ℎ

= 1.10 tCO2/t C4 + 0.016 tce/t × 4.880 tCO2/tce 

+ 0.165 tce/t × 2.870 tCO2/tce = 1.65 tCO2/t C4 
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𝐶𝑂2,𝐶4 𝑜𝑙𝑒𝑓𝑖𝑛 = 𝐶𝑂2,𝑖𝑛𝑑,𝐶4 𝑜𝑙𝑒𝑓𝑖𝑛 × 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦

= 1.65 tCO2/tC4 × 411.9 10kt C4 = 6.8 MtCO2 

 

BTX aromatics: 

𝐶𝑂2,𝑖𝑛𝑑,𝐵𝑇𝑋 𝑎𝑟𝑜𝑚𝑎𝑡𝑖𝑐𝑠 = 𝐶𝑂2,𝑖𝑛𝑑,𝑒𝑡ℎ𝑦𝑙𝑒𝑛𝑒 + ∑ 𝑄𝑗,𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛2 · 𝐸𝑗,𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛2

𝑗=𝑒,ℎ

= 1.10 tCO2/t C4 + 0.011 tce/t × 4.880 tCO2/tce 

+ 0.146 tce/t × 2.870 tCO2/tce = 1.58 tCO2/t BTX 

𝐶𝑂2,𝐵𝑇𝑋 𝑎𝑟𝑜𝑚𝑎𝑡𝑖𝑐𝑠 = 𝐶𝑂2,𝑖𝑛𝑑,𝐵𝑇𝑋 𝑎𝑟𝑜𝑚𝑎𝑡𝑖𝑐𝑠 × 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦

= 1.55
tCO2

tBTX
× 770.5 10kt BTX = 1.2 MtCO2 
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2.4 Uncertainty Analysis 

Diverse refineries and chemical plants, even within the same vicinity, often operate 

under differing process parameters. We employed an uncertainty analysis to gauge 

the potential deviation in results, using Monte Carlo simulations for uncertainties in 

our material flow model 9,10.  

In our MFA modeling process, there are mainly two types of data inputs:  

• Product Outputs (Yield Data): Assumed to be accurate as sourced from the 

official yearbook. 

• Process-Based Coefficient Data: Including product-to-feedstock ratios, which 

were our primary focus due to their uncertainties. 

We employed normally distributed independent random variables to describe all 

uncertain coefficients and parameters, basing the baseline value on our initial guess. 

This value was set as the mean of the normal distribution. The uncertainty range was 

ascertained from quality sources, factory data, literature, and expert opinions (see 

Supplementary Notes and Supplementary Datasets S2 for details). We used 20,000 

Monte Carlo simulations to deduce a final confidence value, choosing the 95% 

certainty level for results. In a word, we used [1/6*deviation range] (for example, 

0.4/6 for a deviation range of ±20%) as the standard deviation in this approach to 

cover 99.7% of the range of change (within 3 standard deviations in a normal 

distribution). Specific data from Statistical Yearbooks and results with a deviation of 

less than 0.5% were excluded from the uncertainty range.  

For primary chemicals production—primarily the conversion of hydrocarbons from 

fossil fuels—uncertainty was higher. National standards provided values for these 

processes, categorizing them into "threshold", "standard", and "advanced" 

energy/fossil resource consumption levels. Each level denotes a different efficiency 

tier in production: 

• Threshold value: Minimum efficiency for new production ventures. The 

level that new production capacity, such as new construction, renovation, 

expansion projects, etc., must meet. Its value should, in theory, represent 

the last 20% of the industry's energy efficiency level. 

• Standard value: The required efficiency level for existing businesses. The 

value should be based on the elimination of a certain percentage of existing 

high-energy-consuming backward production capacity. Approximately 20% 

of backward products and production capacity should be eliminated as a 

result of energy-saving transformation. 

• Advanced value: It benchmarks the leading energy efficiency level of the 

same type of production. 

Given the mandatory nature of these national standards, we consider them highly 

representative of reality. Chemical reactions in downstream production, being well-

defined, present lower uncertainty. 
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The uncertainty range data are given in four ways: 

(1) For primary chemicals production and processes directly consuming fossil 

hydrocarbons, we use data from the National Standard of the People’s Republic 

of China (see Supplemental Table S3-S10 below). The series of standards Norm of 

energy consumption per unit product gives the Threshold value, Standard value, 

and advanced value of energy consumption per unit product. We use the larger 

range of Threshold value and Advanced value from the Standard value. If there is 

no standard for a process, use 5% for the uncertainty range. 

(2) For PE, PP, PVC, PS, and butadiene rubber production, the material consumption 

is close to the thermodynamic limit. Therefore, we consider the uncertainty range 

as 1%. 

(3) For fertilizer and coal-based vinyl chloride production, different formulations can 

bring about large changes in raw material inputs. Therefore, we consider the 

uncertainty range as 10%. 

(4) For other processes, a general uncertainty range of 5% is assumed. 

For a detailed uncertainty range of each point, refer to Supplementary 

Data_S2_Flows.xlsx. 
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2.5 Quantify Future Emission Reduction Potential to 2030 

Here, we construct a framework designed to estimate emissions associated with a 

range of platform compounds in China by the year 2030. Key features of this 

framework include: 

• Projections of production volumes for 2030 

• Assessment of the proportion of process routes, incorporating emerging 

technologies (routes share) 

• Enhancements in energy efficiency, inclusive of grid decarbonization 

(coefficients) 

• Advancements in process technology (coefficients) 

We delineated three distinct scenarios for comparison: (1) Baseline Scenario: No 

change in intensity factors or technology; (2) Grid Improvement Scenario: 

Incorporating grid purification and energy mix improvements; (3) Technology Scenario: 

Introduction of technologies such as green hydrogen, CCUS and shift in feedstock mix. 

Below we provide a brief introduction to the methods and data sources. Detailed 

results and parameters are included in Supplementary Data_S2_Flows.xlsx. 

2.5.1 Grid Decarbonization (Coefficient) 

Here we used the similar CAGR method to estimate the average emission factor for 

China's National Grid in 2030 based on the average emission factor in 2020 and 2022. 

The 2020 average emission factor is from the Guidelines for Corporate Greenhouse 

Gas Emissions Accounting Methodology and Reporting - Power Generation Facilities 

(2021 version), which is 0.5839 tCO2/MWh: 

https://www.mee.gov.cn/xxgk2018/xxgk/xxgk06/202112/W0202112027870498082

23.pdf). 

The 2022 average emission factor is from the Notice on the Work Related to the 

Management of Greenhouse Gas Emission Reporting for Enterprises in the Power 

Generation Sector in 2023-2025, which is 0.5703 tCO2/MWh: 

https://www.mee.gov.cn/xxgk2018/xxgk/xxgk06/202302/t20230207_1015569.html 

The CAGR can be calculated as follows: 

𝐶𝐴𝐺𝑅 = √
0.5703

0.5839

(2022−2020)

− 1 = −1.171% 

The 2030 carbon emission factor can be calculated as: 

0.5703 × (1 − 1.171%)8 = 0.5190 tCO2/MWh 

Transforming this emission factor into the unit of tCO2/tce, we obtain the emission 

coefficient grounded on tce as: 

𝑄𝑒 = 0.5190 tCO2/MWh × 8.141MWh/tce = 4.225 t CO2/tce 

https://www.mee.gov.cn/xxgk2018/xxgk/xxgk06/202112/W020211202787049808223.pdf
https://www.mee.gov.cn/xxgk2018/xxgk/xxgk06/202112/W020211202787049808223.pdf
https://www.mee.gov.cn/xxgk2018/xxgk/xxgk06/202302/t20230207_1015569.html
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2.5.2 Process and Other Energy Improvements Coefficient 

The sources of the emission factors include the China National Petroleum & Chemical 

Planning Institute (NPCPI)11-14, McKinsey15, the Rocky Mountain Institute (RMI)16, and 

literature17-24. 

2.5.3 Production Volumes & Routes Share 

(1) Ethylene 

RMI16 projects that by 2030, China's ethylene production will reach 77 million tons. 

And, the industry experts we consulted predict a more conservative figure of 73 

million tons. According to their assessments, 87% of this production is anticipated to 

rely on heavy catalytic cracking, which includes both heavy and light feedstocks. 

Meanwhile, 13% is expected to be produced via MTO/CTO processes. Within this 

latter category, 1% of olefins are projected to be derived directly from the syngas 

approach, and an additional 1% from a process that combines green hydrogen with 

coal-to-ethylene/MTO. Research17 into China's coal chemical industry indicates that 

integrating green hydrogen into the coal-to-olefin process can achieve a substantial 

CO2 emission reduction ratio of 67.9%. According to expert estimates, olefins 

production directly from syngas can reduce carbon dioxide by 20% compared to direct 

MTO. 

(2) Propylene 

The production data for propylene primarily comes from expert estimates, amounting 

to 72.9 Mt. This figure is principally projected based on the growth rate from 2017 to 

2022, taking into account a decrease in the growth rate. The following are the 

estimated proportions for each production route. Steam Cracking is projected to have 

the largest share at 41%. Catalytic cracking follows with a 19% share. Propane 

dehydrogenation is expected to account for 25% of the production. Coal-to-

propylene/MTO has a projected share of 9%, while Coal-to-propylene/MTP is 

estimated at 2%. Olefins production directly from syngas is forecasted to contribute 

1%, which is also the case for another variant of olefins production directly from 

syngas. Lastly, both green hydrogen-coupled coal-to-propylene/MTO and green 

hydrogen-coupled coal-to-propylene/MTP are each anticipated to make up 1% of the 

production. 

(3) C4 

The estimated production of C4 largely relies on the GDP growth rate and expert 

recommendations. Our projects suggested 6.89 Mt of Butadiene and 3.40 Mt of 

Butene by 2030. Due to poor economic viability, the proportion of Butene oxidation is 

approximately 8%. Catalytic cracking of C4 will constitute the majority share at 92%. 
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(4) BTX 

The production data for BTX (Benzene, Toluene, Xylenes) is derived from source 25 and 

cross-verified by experts, reaching 72.86 Mt. The proportion of coal (coking benzene) 

is expected to continue declining to 5% by the year 2030. The petroleum route is 

estimated to account for approximately 95% of the production. 

(5) Ammonia 

There are different forecasts for ammonia production in 2030. The Rocky Mountain 

Institute (RMI) 16 estimates production at 48 Mt, and McKinsey15 estimates production 

at 50.1 Mt. Based on our discussions with industry experts, it is expected that 

ammonia production may increase from 2020 to 2025, and there may be a period of 

slow growth, stability or even decline from 2025 to 2030. However, based on the 

current new production capacity and demand, Sinopec has raised its forecast for 

synthetic ammonia production in 2030. Therefore, we use 63 Mt as the predicted 

value here. 

RMI16 envisions that by 2030, the proportion of coal-based synthetic ammonia will 

decrease to 70%, with 20% of synthetic ammonia potentially coming from the rapidly 

developing Power-to-X (PtX) pathways, and over 30% requiring Carbon Capture and 

Storage (CCS) technology. Experts we consulted recommend that 67% of production 

could come from traditional synthetic ammonia methods, 10% could be coupled with 

green hydrogen synthesis and 22% might involve coal gasification combined with 

ammonia synthesis. 

However, there is some uncertainty in these projections, as developments in the 

integration of new energy sources and clean coal conversion could influence these 

figures. According to SinoCarbon and Energy Foundation26, from the present until 

2025, there will be a focus on the combined use of new energy and the clean 

conversion of coal. From 2025 to 2030, the modern coal chemical industry will 

gradually begin to deeply integrate with renewable energy hydrogen production. 

Although there are differing opinions in the industry on the proportion of coal-to-

chemical plants that can integrate green hydrogen, it is generally accepted as an 

effective way to significantly reduce coal-to-chemical emissions. Ammonia for energy 

storage will enter a period of rapid development after 203016, accounting for 50% by 

2050, and will be the main driving force for the development of the synthetic ammonia 

industry in the future. In our analysis based on 2030, ammonia for energy storage is 

not considered. 

(6) Methanol 

China National Petroleum & Chemical Planning Institute (NPCPI)11-14 and RMI16 project 

the production volumes of methanol in 2030 to be around 50-60 Mt.  

RMI16 posits that during the production increase phase from 2020 to 2030, the 
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additional output will primarily come from zero-carbon production pathways such as 

Power-to-X (PtX). However, due to the inertia of planning, a portion of the increment 

will still be provided by the coal chemical industry, but it will need to be equipped with 

Carbon Capture and Storage (CCS) or coupled with green hydrogen to minimize carbon 

emissions to the greatest extent possible. Among all coal-based capacities, 30% to 40% 

will either be coupled with green hydrogen or equipped with CCS. However Chinese 

industry experts may think this ratio is too optimistic in 2030. We estimate that only 

5% of methanol production capacity will come from green hydrogen. Biomass-to-

methanol, due to its limited sustainable supply and higher cost, will only account for 

less than 1% of the total production and hence not included here. Taking into account 

various sources, we have set the following proportions for China's methanol 

production sources by 2030. Coal-to-methanol is expected to be the predominant 

source at 74%. Carbon dioxide hydrogenation will contribute a small fraction, at 1%. 

Green hydrogen-coupled coal-to-methanol is projected to account for 5% of the 

production. Both natural gas to methanol and coke oven gas to methanol are 

anticipated to each have a 10% share in the production landscape. 

(7) Calcium Carbide & Coke 

China does not encourage high-carbon routes such as calcium carbide and coking. We 

have assumed a slow growth rate for these industries, and reach 30 Mt by 2030 for 

calcium carbide. However, recent technological breakthroughs in the use of mercury-

free catalysts in the calcium carbide process of PVC production27 may increase the 

output of calcium carbide-based PVC production. 

(8) CCUS 

CCUS, with a potential for 50 Mt emission reduction and subject to industry debate 

due to external factors21, is considered in aggregate rather than by distinct technology. 

(9) Other Notes 

About biomass-route and chemical recycling route to produce primary chemicals: 

While biomass-derived chemicals hold promise for emissions reduction, their 

contribution might be limited to 1-3% by 2030 in China22 and less than 10% globally 

by 205028. Since routes involving biomass and CO2 catalytic hydrogenation are 

expected to undergo commercialization or be put into production in actual factories 

post-203022, they are not included in this analysis.  

Recycling and a circular economy could diminish the demand for raw materials. Given 

our framework directly estimates the primary production volumes, it does not include 

the recycling flows. 

High CO2 concentrations in chemical production make carbon capture a cost-effective 

option, yet by 2030, CCUS might offset only 30-50 Mt of CO2 in the chemical domain 
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in China21. Considering methanol production through CO2 hydrogenation could 

reshape the low-carbon chemical landscape29, however, supplying abundant, cost-

effective green electricity for hydrogen and CCUS generation remains uncertain30,31, 

and larger emission reductions can be attained if this electricity is used to replace coal 

power plants. Transitioning from fossil hydrocarbons can gain momentum through 

circular chemical systems32 and biomass feedstock28. With China's recycled plastic 

pellet output in 2019 standing at 16 Mt, and considering a current recycling efficiency 

of 30%, this could theoretically displace 12 Mt of coal and crude oil each as primary 

feedstock33. Chemical recycling has the potential, but technology complexities suggest 

that only 11-17% of the demand might be satisfied by recycled plastics34. While 

biomass-derived chemicals hold promise for emissions reduction, their potential 

contribution is expected to be only 1-3% by 2030 in China22 and less than 10% globally 

by 205028, limited by biomass availability and the rate of investment. The high costs 

present a formidable barrier. 
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2.6 Other CO2 Emission Mitigation Potential and Cases of Alternative 
Technologies 

2.6.1 CO2 Emission Reduction Potential of Primary Chemical Production 

We also collect the CO2 emission reduction potential of primary chemicals production 

of hydrogen/CO2, biomass, and CCS that are not included in our 2030 framework due 

to the technology readiness. Please see Data_S2_Flows.xlsx for detailed data. 

For analysis and visualization of how the coal chemical industry can be integrated with 

green hydrogen and green electricity geographically, we recommend consulting 

Exhibits 30 and 36 in the RMI report16. 

2.6.2 Case of Green Hydrogen-Coal Chemical Production (modified from35) 

Incorporating "green hydrogen" into chemical production is essential for the coal 

chemical industry to attain "carbon neutrality." The water gas shift process, used after 

coal gasification to adjust the carbon-hydrogen ratio for subsequent product synthesis, 

is a major hydrogen source but also a significant emitter of CO2. Substituting "green 

hydrogen" in the synthesis gas can substantially decrease carbon emissions in coal-to-

chemical production. 

Baofeng, a Chinese coal chemical company, has embarked on a 200MW photovoltaic 

power generation project aimed at producing 160 million cubic meters of green 

hydrogen annually. This initiative is set to integrate with their existing methanol 

production, reducing carbon emissions by 240 million tons and cutting down raw coal 

usage by 105,000 tons. Profitability forecasts suggest that using "green hydrogen" for 

olefin production is viable, with the benchmark price at 1.34 CNY per cubic meter. 

Over time, hydrogen costs could drop to around 0.7 CNY per cubic meter, aligning with 

the cost of hydrogen derived from fossil fuels. By integrating green hydrogen into the 

coal-to-olefins system, the total CO2 emission reduction is estimated at 67.9%36. 

2.6.3 CCUS Cases in China (modified from 37) 

On August 29, 2022, Sinopec launched China's largest carbon capture, utilization, and 

storage (CCUS) industry chain demonstration base, the "Qilu Petrochemical-Shengli 

Oilfield Mega-ton CCUS Project," marking China's first mega-ton CCUS project and 

signifying the industry's advancement into the technology demonstration phase. This 

project aims to reduce CO2 emissions by 1 million tons annually, equivalent to the 

absorption capacity of nearly 9 million trees. It plays a crucial role in developing an 

"artificial carbon cycle" model, offering valuable engineering experiences and 

technical data for large-scale CCUS projects in China, thus aiding in achieving the 

"double carbon" goal. 

The Qilu Petrochemical-Shengli Oilfield project captures CO2 from Qilu 

Petrochemical's coal gasification unit in the fertilizer plant, noted for its high-quality, 

stable, and up to 90% pure emissions. Utilizing liquefaction purification technology, 
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the project is energy-efficient and cost-effective. The captured CO2 is transported to 

Shengli Oilfield for oil displacement and storage, integrating capture, displacement, 

and storage processes. Spanning over 25 million tons of ultra-low permeability 

reservoir reserves and with 73 injection wells, it's projected to inject over 10 million 

tons of CO2, boost oil production by nearly 3 million tons, and increase recovery rates 

by more than 12% over 15 years. 

Shengli Oilfield has pioneered the "carbon dioxide high-pressure miscible flooding" 

technology, injecting 640,000 tons of CO2 and sealing over 500,000 tons, enhancing 

oil production by more than 100,000 tons. Sinopec's CCUS efforts have been 

significant, capturing 1.52 million tons of CO2 in 2021 alone. The first CCUS project in 

a Chinese coal-fired power plant was initiated in 2012 at Shengli Oilfield, developing 

comprehensive technology and economic evaluation for carbon capture, flooding, and 

storage. In 2015, Sinopec began recovering CO2 tail gas from synthetic ammonia and 

coal-to-hydrogen plants for oil field injection, setting a precedent for comprehensive 

CO2 utilization across its operations.  
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3. Supplementary Tables 

Table S1 National Standards Used in Determining the Uncertainty Range 

Product National Standards 

Ethylene GB 30250-2013 
Coal to olefins GB 30180-2013 
Coal to methanol GB 29436.1-2012 
Natural gas to methanol GB 29436.2-2015 
Coke oven gas to methanol GB 29436.4-2015 
Synthetic ammonia GB 29436.4-2015 
Calcium carbide GB 21343-2015 
Ethylene glycol GB 32048-2015 
Coke GB 21342-2013 

 

In the following tables, the unit of energy consumption is the kilogram of standard oil 

equivalent per ton (kgoe/t) or kilogram of standard coal equivalent per ton (kgce/t). 
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Table S2 Energy/Fossil Fuels Consumption Range of Ethylene Production (GB 
30250-2013) 

Product Production Process Unit 
Threshold 

value 
Standard 

value 
Advanced 

value 

Ethylene Large plants (> 300kt/a) kgoe/t ≤830 ≤640 ≤610 
 Small plants (≤ 300kt/a)  ≤720   

 

Table S3 Energy/Fossil Fuels Consumption Range of Coal to Olefins (GB 30180-
2013) 

Product Production Process Unit 
Threshold 

value 
Standard 

value 
Advanced 

value 

Ethylene & 
Propylene 

Coal to Olefins kgce/t ≤4500 ≤4000 ≤3700 

Propylene Coal to Propylene  ≤6000 ≤5500 ≤5200 

 

Table S4 Energy/Fossil Fuels Consumption Range of Coal to Methanol (GB 29436.1-
2012) 

Product Production Process Unit 
Threshold 

value 
Standard 

value 
Advanced 

value 

Methanol Lignite to Methanol kgce/t ≤2400 ≤2000 ≤1900 

 
Bituminous coal to 

Methanol 
 ≤2200 ≤1800 ≤1700 

 Anthracite to Methanol  ≤1800 ≤1600 ≤1500 

 

Table S5 Energy/Fossil Fuels Consumption Range of Natural Gas to Methanol (GB 
29436.2-2015) 

Product Production Process Unit 
Threshold 

value 
Standard 

value 
Advanced 

value 

Methanol Natural Gas to Methanol kgce/t ≤1460 ≤1150 

 

Table S6 Energy/Fossil Fuels Consumption Range of Coke Oven Gas to Methanol 
(GB 29436.4-2015) 

Product 
Production 

Process 
Unit 

Threshold 
value 

Standard 
value 

Advanced 
value 

Methanol 
Coke Oven 

Gas to 
Methanol 

kgce/t ≤1650 ≤1500 ≤1300 
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Table S7 Energy/Fossil Fuels Consumption Range of Ammonia (GB 29436.4-2015) 

Product Production Process Unit 
Threshold 

value 
Standard 

value 
Advanced 

value 

Ammonia 
High-Quality Lump 

Anthracite to Ammonia 
kgce/t ≤1500 ≤1350 ≤1150 

 
Lump Anthracite & 

Briquette to Ammonia 
 ≤1700 ≤1550 ≤1320 

 
Pulverized Coal to 

Ammonia 
 ≤1680 ≤1650 ≤1500 

 Natural Gas to Ammonia  ≤1250 ≤1100 ≤1050 

 

Table S8 Energy/Fossil Fuels Consumption Range of Calcium Carbide Production 
(GB 21343-2015) 

Product Production Process Unit 
Threshold 

value 
Standard 

value 
Advanced 

value 

Calcium 
Carbide 

 kgce/t ≤1000 ≤823 

 

Table S9 Energy/Fossil Fuels Consumption Range of Ethylene Glycol Production (GB 
32048-2015) 

Product Production Process Unit 
Threshold 

value 
Standard 

value 
Advanced 

value 

Ethylene 
Glycol 

Ethylene to EG kgce/t ≤500 ≤430 ≤230 

 Syngas to EG  ≤1430 ≤1120 ≤1045 

 

Table S10 Energy/Fossil Fuels Consumption Range of Coking (GB 21342-2013) 

Product Production Process Unit 
Threshold 

value 
Standard 

value 
Advanced 

value 

Coke Top-loading coke ovens kgce/t ≤150 ≤122 ≤115 
 Tamping coke ovens  ≤155 ≤127 ≤115 
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