
Supplementary Material 
Table S1. Main parameters and data sources of SD model 

Type Factor Unit Value/Equation Data sources 

Stocks 

Gross domestic 

product (GDP) 
108 yuan INTEG(GDPG,9497.7) 

Statistical 

yearbook of 

Beijing, Tianjin 

and Hebei 

Total population 

(POP) 
104 people INTEG(POPG,7871.2) 

Statistical 

yearbook of 

Beijing, Tianjin 

and Hebei 

Conventional 

energy consumption 

(CEC) 

104 tce INTEG(CECG,15917.9) 

Statistical 

yearbook of 

Beijing, Tianjin 

and Hebei 

Renewable energy 

consumption (NEC) 
108 kWh INTEG(NECG + NETP,33.74) 

China Energy 

Statistical 

Yearbook 

Subsidy intensity 

(SI) 
108 yuan INTEG(-SI*SDR,0.0028) [1] 

Flows 

GDP growth per 

year (GDPG) 
108 yuan GDP*GGR Endogenous 

Population growth 

per year (POPG) 
104 people PGR*POP Endogenous 

Conventional 

energy consumption 

growth per year 

(CECG) 

104 tce CEGR * CEC *(1/ RFET0) Endogenous 

Renewable energy 

consumption growth 

per year (NECG) 

108 kWh NEC * NEGR * RFET0 Endogenous 

Subsidy decline rate 

(SDR) 
108 yuan ((STEP(0.0092, 49)+STEP(0.0026, 73))) [1] 

Constants 

Proportion of 

environmental 

protection 

investment (PEI0) 

% 1.1 [2] 

Proportion of R&D 

(PRI0) 
% 0.5 

China 

Statistical 

Yearbook on 

Science and 

Technology 

Coefficient of 

environmental 

Mt CO2/108 

yuan 
0.02432 

China Energy 

Statistical 



protection 

investment (CEI0) 

Yearbook; [3] 

Environmental 

capacity coefficient 

(ECC0) 

- 0.08 

Expert 

estimation 

method 

Standard coefficient 

of renewable energy 

(SCNE0) 

104 t ce/108 

kWh 
1.129 

China Energy 

Statistical 

Yearbook 

Economic benefit 

per unit renewable 

energy (EBNE0) 

108 yuan/104 tce 0.45 [4] 

Regulatory factors 

of energy tax 

(RFET0) 

- 1 [4] 

Variables 

GDP growth rate 

(GGR) 
- 

WITH LOOKUP (Time ([(2000,0)-(2050,0.5)], 

(2000,0.125), (2001,0.308), (2002,-0.008), 

(2003,0.188), (2004,0.159), (2005,0.151), 

(2006,0.217), (2007,0.167), (2008,0.087), 

(2009,0.173), (2010,0.173), (2011,0.096), 

(2012,0.082), (2013,0.062), (2014,0.056), 

(2015,0.08), (2016,0.089), (2017,0.082), 

(2018,0.071), (2020,0.07), (2030,0.045), 

(2040,0.035), (2050,0.025)) 

Statistical 

yearbook of 

Beijing, Tianjin 

and Hebei; [5] 

Population growth 

rate (PGR) 
- 

WITH LOOKUP (Time ([(2000,0)-

(2019,0.03)], (2000,0.021), (2001,0.006), 

(2002,0.009), (2003,0.008), (2004,0.009), 

(2005,0.011), (2006,0.013), (2007,0.014), 

(2008,0.016), (2009,0.015), (2010,0.029), 

(2011,0.011), (2012,0.011), (2013,0.01), 

(2014,0.009), (2015,0.006), (2016,0.005), 

(2017,0.005), (2018,0.002), (2019,0.004), 

(2027,0), (2030,-0.001)) 

Statistical 

yearbook of 

Beijing, Tianjin 

and Hebei; [6] 

Conventional 

energy growth rate 

(CEGR) 

- 

WITH LOOKUP (Time ([(2000,0.01)-

(2019,1)], (2000,0.14), (2001,0.06), 

(2002,0.083), (2003,0.11), (2004,0.13), 

(2005,0.11), (2006,0.094), (2007,0.08), 

(2008,0.03), (2009,0.05), (2010,0.056), 

(2011,0.07), (2012,0.035), (2013,0.039), 

(2014,-0.02), (2015,0.04), (2016,0.006), 

(2017,0.012), (2018,0.009), (2019,0.015), 

(2030,0.005), (2040, 0.003), (2050, 0.001)) 

Statistical 

yearbook of 

Beijing, Tianjin 

and Hebei 

Renewable energy 

growth rate (NEGR) 
- 

WITH LOOKUP (Time ([(2000,0)-(2019,0.3)], 

(2000,0.001), (2001,0.006), (2002,0.039), 

(2003,0.072), (2004,0.003), (2005,0.005), 

China Energy 

Statistical 

Yearbook 



(2006,0.084), (2007,0.009), (2008,0.054), 

(2009,0.101), (2010,0.124), (2011,0.103), 

(2012,0.065), (2013,0.077), (2014,0.061), 

(2015,0.131), (2016,0.201), (2017,0.125), 

(2018,0.148), (2020,0.112), (2025,0.042), 

(2030,0.025), (2035,0.005), (2040,0.001), 

(2045,0) ) 

Renewable energy 

tax factor (NETF) 
- 

WITH LOOKUP (Time ([(2010,0.1)-

(2050,0.125)], (2010,0.1), (2011,0.11), 

(2012,0.11), (2013,0.11), (2014,0.11), 

(2015,0.12), (2016,0.125), (2017,0.125), 

(2018,0.125), (2019,0.125), (2030,0.12), 

(2040,0.11) ) 

[4] 

Environmental 

protection 

investment (EPI) 

108 yuan GDP* PEI0 Endogenous 

CO2 reduction by 

environmental 

protection 

investment (CEPI) 

Mt CO2 EPI * CEI0 Endogenous 

Factors of CO2 

reduction policies 

(FCRP) 

- 0.005495+0.001365*SIN(3.14*(Time-2020)) [2] 

CO2 reduction by 

policies (CRP) 
Mt CO2 EC * FCRP [4] 

CO2 emissions 

(TCE) 
Mt CO2 

CEC *0.02475*(1/ RFET0)+ SNEC *0-( CRP + 

CEPI) 
[2] 

Renewable energy 

incentive factors 

(NEIF) 

108 yuan/Mt 

CO2 
TCE *10-7 

Expert 

estimation 

method 

Investment 

proportion of 

renewable energy 

industry (IPNE) 

- 0.003* NEIF 

Expert 

estimation 

method 

Investment of 

renewable energy 

industry (INEI) 

108 yuan GDP* IPNE Endogenous 

R&D investment in 

renewable energy 

industry (RINE) 

108 yuan INEI + PRI0*GDP Endogenous 

Technological 

progress coefficient 

(TPC) 

104 tce/108 yuan RINE *1.004 

Expert 

estimation 

method 

Added value of 104 tce TPC *0.0498 China Energy 



renewable energy 

brought by 

technological 

progress (NETP) 

Statistical 

Yearbook 

Standard renewable 

energy consumption 

(SNEC) 

104 tce NEC * SCNE0 

China Energy 

Statistical 

Yearbook 

Economic benefit of 

renewable energy 

(EBNE) 

108 yuan SNEC * EBNE0 Endogenous 

Output value of 

renewable energy 

(OVNE) 

108 yuan EBNE *(1- NETF)+ SI + INEI [4] 

Total energy 

consumption (TEC) 
104 tce CEC + SNEC Endogenous 

Energy 

consumption per 

capita (ECP) 

tce /person TEC /POP Endogenous 

Carbon emission per 

capita (CEP) 
Mt CO2/person TCE/ POP Endogenous 

Energy pollution 

coefficient (EPC) 
- (CEC *0.78+ SNEC *0)/ TEC [4] 

Environmental 

capacity (EC) 
- TEC * ECC0*(1/ EPC) [4] 

Energy 

consumption 

structure (ECS) 

- CEC / SNEC [5] 

Energy intensity 

(EI) 
tce/104 yuan TEC /GDP [7] 
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