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Table S1: Summary of reviewed studies on EE-CE nexus
	Author(s)
	Sample
	Study Period
	Major variables
	Methodology
	Major findings

	Akbostanci et al. (2011)
	Turkey
	1995-2001
	EI and CAE
	Decomposition analysis 
	↑ ENEF - ↓CAE

	Begum and Pereira (2010)
	Malaysia
	2000-2010
	ENEF and CAE 
	Trend analysis
	↑ ENEF - ↓CAE

	Yuan et al. (2011)
	China
	2000-2010
	ENEF and CAE
	Trend analysis
	↑ ENEF - ↓CAE

	Hammond and Norman (2012)
	United Kingdom
	1990-2007
	CAE and EI
	Decomposition analysis 
	↑ ENEF - ↓CAE

	Lopez-Pena et al. (2012)
	Spain
	1996-2008
	ENEF and CAE
	Scenario analysis
	↑ ENEF - ↓CAE

	Wu et al. (2012)
	China
	1997-2008
	ENEF and CAE 
	Decomposition analysis
	↑ ENEF - ↓CAE

	Moya and Pardo (2013)
	27 EU countries
	2010
	ENEF and CAE 
	Simulation analysis
	↑ ENEF - ↓CAE

	Das and Paul (2014)
	India
	1993-94 to 2006-07
	EI and CAE
	Decomposition analysis 
	↑ ENEF - ↓CAE

	Gunatilake et al. (2014)
	India
	2004 and 2007
	ENEF and GHG
	CGE Framework
	↑ ENEF - ↓CAE

	Karali et al. (2014)
	US
	2010
	ENEF and CAE 
	Scenario analysis
	↑ ENEF - ↓CAE

	Mohammadi et al. (2014)
	Iran
	2013
	ENEF and CAE
	Life cycle analysis & DEA
	↑ ENEF - ↓CAE

	Shao et al. (2014)
	China
	2003-2010
	ENEF and CAE 
	Life cycle analysis
	↑ ENEF - ↓CAE

	Li and Lin (2015)
	China
	1997-2012
	ENEF and CAE
	Meta-frontier analysis
	↑ ENEF - ↓CAE

	Ozbugday and Erbas (2015)
	36 DEE countries
	1971-2009
	ENEF and CAE
	Panel data analysis - CCE estimator
	↑ ENEF - ↓CAE

	Iftikhar et al. (2016) 
	26 major economies
	2013-2014
	ENEF and CEE
	DEA
	↑ ENEF - ↓CAE

	Singh and Rao (2016)
	India
	-
	ENEF and CAE 
	Scenario analysis
	↑ ENEF - ↓CAE

	Bhattacharya et al. (2017)
	India
	1960-2012
	ENEF and CAE 
	Time series analysis- ARDL
	↑ ENEF - ↓CAE

	Singh et al. (2017)
	India
	-
	CCS and CAE 
	Scenario analysis
	↑CCS - ↓ CAE

	Mohan (2018)
	India
	2005-2014
	ENEF and CAE
	IPCC method
	↑ ENEF - ↓CAE

	Zhou et al. (2018)
	China
	2010-2050
	ENEF and CAE 
	Scenario analysis
	↑ ENEF - ↓CAE

	Gupta et al. (2019)
	India
	2013-2050
	ENEF and CAE 
	Scenario analysis
	↑ ENEF - ↓CAE

	Le Quéré et al. (2019)
	18 developed economies
	2002-2015
	ENEF and CAE
	Correlation analysis
	↑ ENEF - ↓CAE

	Abban et al. (2020)
	43 countries; part of Belt and Road Initiative 
	1995-2015
	EI and CAE
	Panel data analysis - AMG estimator
	↑EI or ↓ ENEF - ↑CAE

	Akram et al. (2020a)
	66 developing economies
	1990-2014
	ENEF and CAE
	Panel data analysis- PQR
	↑ ENEF - ↓CAE; Effect is strongest in 90th quantile

	Akram et al. (2020b)
	BRICS
	1990-2014
	ENEF and CAE 
	Panel data analysis- NPARDL
	Asymmetric impacts (SR and LR)

	Danish et al. (2020)
	US
	1985-2017
	EI and CAE
	Time series analysis- ARDL
	↑EI or ↓ ENEF - ↓CAE (SR);
↑EI or ↓ ENEF - ↑CAE (LR)

	Das and Roy (2020)
	India
	1990-91 to 2012-13
	EI and CAE
	Decomposition analysis 
	↑ ENEF - ↓CAE

	Javid and Khan (2020)
	US, India, China, Germany, and Japan
	1971-2016
	ENEF and CAE
	Time series analysis- STSM
	↑ ENEF - ↓CAE

	Lin and Xu (2020)
	China
	2005-2017
	ENEF and CAE
	Semi-parametric regression
	↑ ENEF - ↓CAE; Effect is strongest in the central region

	Wang and Wang (2020)
	India and China
	2000-2014
	EI and CAE
	Decomposition analysis 
	↑ ENEF - ↓CAE


Notes:  ↑ and ↓ indicate increases and decreases, respectively. ARDL-autoregressive distributed lag, AMG: augmented mean group, BRICS- Brazil, Russia, India, China, and South Africa; CCE-common correlated effects, CCS: carbon capture sequestration, CGE: computable general equilibrium, CAE: carbon emissions, DEA: data envelopment analysis, DEE: developed and emerging economies, EI: energy intensity (reciprocal of EE), ENEF: energy efficiency, EU: European Union, GHG: greenhouse gases, I/O: Input-Output, LR: long-run, NPARDL: Nonlinear panel autoregressive distributed lag, PQR: panel quantile regression, SR- short-run, STSM: structural time series model, US: the United States.
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Table S2: The sectors covered in WIOD
	Sector Code
	Sector Name

	A01
	Crop and animal production, hunting and related service activities

	A02
	Forestry and logging

	A03
	Fishing and aquaculture

	B
	Mining and quarrying

	C10-C12
	Manufacture of food products, beverages and tobacco products

	C13-C15
	Manufacture of textiles, wearing apparel and leather products

	C16
	Manufacture of wood and of products of wood and cork, except furniture; manufacture of articles of straw and plaiting materials

	C17
	Manufacture of paper and paper products

	C18
	Printing and reproduction of recorded media

	C19
	Manufacture of coke and refined petroleum products 

	C20
	Manufacture of chemicals and chemical products 

	C21
	Manufacture of basic pharmaceutical products and pharmaceutical preparations

	C22
	Manufacture of rubber and plastic products

	C23
	Manufacture of other non-metallic mineral products

	C24
	Manufacture of basic metals

	C25
	Manufacture of fabricated metal products, except machinery and equipment

	C26
	Manufacture of computer, electronic and optical products

	C27
	Manufacture of electrical equipment

	C28
	Manufacture of machinery and equipment n.e.c.

	C29
	Manufacture of motor vehicles, trailers and semi-trailers

	C30
	Manufacture of other transport equipment

	C31_C32
	Manufacture of furniture; other manufacturing

	D35
	Electricity, gas, steam and air conditioning supply

	E36
	Water collection, treatment and supply

	F
	Construction

	G45
	Wholesale and retail trade and repair of motor vehicles and motorcycles

	G46
	Wholesale trade, except of motor vehicles and motorcycles

	G47
	Retail trade, except of motor vehicles and motorcycles

	H49
	Land transport and transport via pipelines

	H50
	Water transport

	H51
	Air transport

	H52
	Warehousing and support activities for transportation

	I
	Accommodation and food service activities

	J61
	Telecommunications

	J62_J63
	Computer programming, consultancy and related activities; information service activities

	K64
	Financial service activities, except insurance and pension funding

	K65
	Insurance, reinsurance and pension funding, except compulsory social security

	L68
	Real estate activities

	M69_M70
	Legal and accounting activities; activities of head offices; management consultancy activities

	M71
	Architectural and engineering activities; technical testing and analysis

	N
	Administrative and support service activities

	O84
	Public administration and defence; compulsory social security

	P85
	Education

	Q
	Human health and social work activities

	R_S
	Other service activities


Table S3: Details of the variables used for Energy Efficiency estimates
	Variables
	Nomenclature
	Description

	Real Value-Added@
	RVA
	Defined as the real value added (deflated at the price level of gross value added at 2010=100, measured in millions of INR)

	Real Capital Stock@
	CAP
	Defined as real capital stock, and is deflated by the intermediate inputs price level (II_PI) at 2010=100 (in millions INR)

	Labour Usage @
	LAB
	Defined as number of persons engaged (in Thousands)

	Energy Consumption#
	EGY
	Defined as emission-relevant energy use (in Terajoules)


Note: @ and # denotes data series collected from WIOD-SEA and WIOD-EA, respectively

Table S4: Descriptive Statistics on the variables used for ENEF estimation
	Statistic
	RVA
	LAB
	CAP
	EGY

	Mean
	07.811
	14.323
	11.334
	13.301

	Maximum
	12.442
	17.653
	16.301
	16.342

	Minimum
	03.894
	10.372
	06.883
	09.642

	Std. Dev.
	01.662
	01.351
	01.793
	01.334


Note: N = 675, n = 45, T =15 

Table S5: Correlation Matrix between the variables used for ENEF estimation
	Variable
	RVA
	LAB
	CAP
	EGY

	RVA
	1
	0.741**
	0.798**
	0.483**

	LAB
	-
	1
	0.631***
	0.423**

	CAP
	-
	-
	1
	0.571***

	EGY
	-
	-
	-
	1


Note: The reported values are the Pearson correlation coefficient. ** and *** denotes statistical significance at 5% and 1% respectively.






Table S6: Sector-specific ENEF estimates over the period 2000-2014.
	NIC_Code
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	Avg.ENEF

	A01
	0.898
	0.941
	0.925
	0.933
	0.931
	0.941
	0.919
	0.915
	0.900
	0.834
	0.812
	0.793
	0.772
	0.762
	0.730
	0.867

	A02
	0.870
	0.903
	0.866
	0.763
	0.809
	0.836
	0.856
	0.918
	0.895
	0.855
	0.891
	0.935
	0.936
	0.947
	0.946
	0.882

	A03
	0.932
	0.958
	0.953
	0.893
	0.904
	0.894
	0.919
	0.885
	0.823
	0.785
	0.796
	0.846
	0.824
	0.773
	0.767
	0.863

	B
	0.942
	0.936
	0.946
	0.966
	0.793
	0.814
	0.770
	0.708
	0.792
	0.592
	0.691
	0.703
	0.532
	0.561
	0.465
	0.747

	C10-C12
	0.815
	0.824
	0.772
	0.780
	0.804
	0.837
	0.860
	0.874
	0.909
	0.896
	0.915
	0.923
	0.943
	0.941
	0.957
	0.870

	C13-C15
	0.531
	0.564
	0.627
	0.688
	0.700
	0.738
	0.766
	0.868
	0.924
	0.935
	0.887
	0.864
	0.943
	0.956
	0.942
	0.796

	C16
	0.789
	0.827
	0.890
	0.950
	0.969
	0.937
	0.898
	0.796
	0.675
	0.609
	0.594
	0.597
	0.553
	0.518
	0.548
	0.743

	C17
	0.976
	0.916
	0.900
	0.921
	0.895
	0.880
	0.839
	0.873
	0.803
	0.659
	0.590
	0.551
	0.563
	0.514
	0.501
	0.759

	C18
	0.852
	0.899
	0.875
	0.910
	0.954
	0.965
	0.666
	0.872
	0.869
	0.894
	0.844
	0.822
	0.834
	0.859
	0.911
	0.868

	C19
	0.765
	0.810
	0.881
	0.862
	0.832
	0.831
	0.833
	0.859
	0.824
	0.965
	0.954
	0.739
	0.900
	0.867
	0.939
	0.857

	C20
	0.611
	0.662
	0.631
	0.740
	0.730
	0.755
	0.747
	0.865
	0.806
	0.849
	0.825
	0.931
	0.926
	0.953
	0.967
	0.800

	C21
	0.456
	0.545
	0.576
	0.645
	0.709
	0.752
	0.721
	0.757
	0.776
	0.894
	0.864
	0.914
	0.931
	0.954
	0.967
	0.764

	C22
	0.905
	0.943
	0.928
	0.924
	0.956
	0.940
	0.753
	0.901
	0.586
	0.578
	0.600
	0.553
	0.527
	0.529
	0.514
	0.742

	C23
	0.851
	0.837
	0.862
	0.886
	0.899
	0.902
	0.916
	0.815
	0.967
	0.945
	0.912
	0.880
	0.760
	0.684
	0.636
	0.850

	C24
	0.971
	0.963
	0.882
	0.869
	0.779
	0.678
	0.718
	0.691
	0.582
	0.557
	0.502
	0.474
	0.400
	0.392
	0.355
	0.654

	C25
	0.865
	0.919
	0.912
	0.979
	0.664
	0.270
	0.245
	0.199
	0.148
	0.153
	0.138
	0.137
	0.197
	0.170
	0.208
	0.414

	C26
	0.462
	0.515
	0.589
	0.635
	0.661
	0.617
	0.512
	0.475
	0.970
	0.770
	0.920
	0.856
	0.918
	0.894
	0.949
	0.716

	C27
	0.406
	0.448
	0.504
	0.568
	0.603
	0.568
	0.495
	0.488
	0.931
	0.735
	0.878
	0.858
	0.954
	0.935
	0.963
	0.689

	C28
	0.873
	0.934
	0.909
	0.970
	0.950
	0.643
	0.679
	0.594
	0.618
	0.476
	0.452
	0.495
	0.654
	0.599
	0.722
	0.705

	C29
	0.666
	0.707
	0.686
	0.689
	0.721
	0.797
	0.648
	0.719
	0.959
	0.928
	0.839
	0.855
	0.935
	0.904
	0.958
	0.801

	C30
	0.757
	0.840
	0.898
	0.959
	0.961
	0.945
	0.875
	0.775
	0.875
	0.640
	0.516
	0.463
	0.629
	0.570
	0.634
	0.756

	C31_C32
	0.960
	0.956
	0.949
	0.920
	0.876
	0.811
	0.656
	0.786
	0.422
	0.366
	0.525
	0.489
	0.512
	0.535
	0.477
	0.682

	D35
	0.925
	0.916
	0.908
	0.901
	0.911
	0.914
	0.924
	0.921
	0.938
	0.892
	0.885
	0.879
	0.874
	0.906
	0.891
	0.906

	E36
	0.593
	0.606
	0.513
	0.500
	0.640
	0.651
	0.917
	0.981
	0.847
	0.476
	0.511
	0.445
	0.430
	0.510
	0.581
	0.613

	F
	0.697
	0.685
	0.792
	0.851
	0.941
	0.924
	0.965
	0.948
	0.751
	0.774
	0.772
	0.807
	0.853
	0.889
	0.807
	0.830

	G45
	0.957
	0.943
	0.944
	0.884
	0.855
	0.865
	0.895
	0.870
	0.897
	0.849
	0.854
	0.873
	0.897
	0.888
	0.900
	0.891

	G46
	0.964
	0.945
	0.953
	0.891
	0.879
	0.853
	0.862
	0.815
	0.846
	0.795
	0.801
	0.820
	0.847
	0.836
	0.851
	0.864

	G47
	0.950
	0.942
	0.952
	0.899
	0.891
	0.891
	0.901
	0.862
	0.889
	0.838
	0.844
	0.863
	0.888
	0.878
	0.892
	0.892

	H49
	0.764
	0.843
	0.859
	0.901
	0.930
	0.950
	0.949
	0.922
	0.877
	0.853
	0.861
	0.874
	0.875
	0.911
	0.917
	0.886

	H50
	0.680
	0.661
	0.646
	0.777
	0.874
	0.865
	0.840
	0.806
	0.784
	0.837
	0.895
	0.934
	0.946
	0.947
	0.959
	0.830

	H51
	0.216
	0.186
	0.180
	0.168
	0.240
	0.330
	0.298
	0.269
	0.435
	0.291
	0.275
	0.305
	0.982
	0.767
	0.681
	0.375

	H52
	0.845
	0.873
	0.888
	0.858
	0.858
	0.916
	0.956
	0.946
	0.904
	0.928
	0.900
	0.879
	0.885
	0.877
	0.898
	0.894

	I
	0.825
	0.845
	0.801
	0.816
	0.838
	0.819
	0.914
	0.957
	0.825
	0.664
	0.803
	0.964
	0.887
	0.923
	0.900
	0.852

	J61
	0.281
	0.253
	0.288
	0.245
	0.264
	0.300
	0.338
	0.354
	0.426
	0.485
	0.700
	0.738
	0.800
	0.967
	0.970
	0.494

	J62_J63
	0.954
	0.949
	0.936
	0.931
	0.926
	0.905
	0.860
	0.788
	0.806
	0.808
	0.679
	0.621
	0.665
	0.845
	0.870
	0.836

	K64
	0.865
	0.775
	0.709
	0.628
	0.722
	0.829
	0.911
	0.951
	0.952
	0.942
	0.900
	0.889
	0.913
	0.884
	0.887
	0.851

	K65
	0.904
	0.788
	0.730
	0.631
	0.744
	0.855
	0.919
	0.947
	0.951
	0.935
	0.897
	0.897
	0.916
	0.888
	0.891
	0.859

	L68
	0.960
	0.956
	0.947
	0.926
	0.852
	0.805
	0.802
	0.677
	0.576
	0.524
	0.443
	0.386
	0.382
	0.374
	0.359
	0.665

	M69_M70
	0.851
	0.843
	0.834
	0.809
	0.824
	0.801
	0.879
	0.898
	0.792
	0.637
	0.644
	0.663
	0.678
	0.969
	0.964
	0.806

	M71
	0.930
	0.945
	0.919
	0.861
	0.914
	0.881
	0.941
	0.954
	0.694
	0.504
	0.585
	0.740
	0.624
	0.732
	0.691
	0.794

	N
	0.936
	0.936
	0.918
	0.879
	0.857
	0.828
	0.835
	0.852
	0.835
	0.796
	0.727
	0.658
	0.703
	0.955
	0.953
	0.844

	O84
	0.702
	0.775
	0.872
	0.934
	0.944
	0.935
	0.929
	0.829
	0.814
	0.813
	0.810
	0.878
	0.912
	0.938
	0.927
	0.867

	P85
	0.892
	0.909
	0.934
	0.931
	0.933
	0.938
	0.949
	0.909
	0.864
	0.785
	0.716
	0.671
	0.701
	0.677
	0.659
	0.831

	Q
	0.794
	0.817
	0.879
	0.833
	0.891
	0.935
	0.950
	0.946
	0.954
	0.868
	0.840
	0.842
	0.864
	0.839
	0.843
	0.873

	R_S
	0.730
	0.796
	0.813
	0.828
	0.904
	0.883
	0.934
	0.977
	0.884
	0.636
	0.692
	0.858
	0.761
	0.766
	0.717
	0.812


Note: Estimates stated in this table are calculated using panel SFA approach. 

Analysing asymmetric impacts of energy efficiency (ENEF) on carbon emissions (CAE)
Preliminary results
Table S7: Pesaran (2004) cross-sectional dependence (CSD) test results
	Variables
	CSD Test Statistic
	P-value

	lnCAE
	53.608***
	0.000

	lnY
	85.965***
	0.000

	lnY2
	23.350***
	0.000

	lnENEF+
	97.206***
	0.000

	lnENEF-
	106.63***
	0.000


Notes: H0: cross-sectional independence in the data series. *** denotes statistical significance at 1% level.

Table S8: Slope homogeneity test results
	
	Statistic
	P-value

	
	12.612***
	0.000

	
	17.270***
	0.000


Notes: H0: homogeneous slope coefficients across cross-sectional units. *** is the statistical significance at 1% level.

The Pesaran (2004) CSD test results for the variables of interest (lnCAE, lnY, lnY2, lnENEF+, lnENEF-) are shown in Table S7. The reported CSD test statistic values for all variables reject the null hypothesis, H0: cross-sectional independence in the data series, at the 1% level of statistical significance. This finding signifies that the data series for all variables are cross-sectionally dependent in the sample panel, and using conventional (first-generation)[footnoteRef:1] panel unit root (PUR) tests to examine the stationary properties of the data series is inappropriate (Pesaran, 2007; Shahbaz et al., 2014), because the conventional PUR tests provide less effective power in the presence of CSD as it is assumed that individual data series in the panel are independently distributed across cross-sections (Levin et al., 2002; Im et al., 2003). Thus, considering the existence of CSD in the data series, Pesaran (2007) has developed a second-generation PUR test. Hence, the Pesaran (2007) PUR test is suitable for identifying the stationary properties of the data series in this study. [1: Maddala and Wu (1999), Hadri (2000), Choi (2001), Levin et al. (2002), Im et al. (2003) PUR tests.
] 

Next, the results of the slope homogeneity test of Pesaran-Yamagata (2008) are presented in Table S8. It shows that at the 1% level of statistical significance all delta tilde () and adjusted delta tilde () values are significant. This result suggests that the null hypothesis, H0: homogeneous slope coefficients across cross-sectional units, is rejected at the 1% level. The alternative hypothesis, Ha: heterogeneous slope coefficients across cross-sectional units, can be accepted. Based on the findings of the delta test of the Pesaran-Yamagata (2008) test, this study suggests employing advanced panel data econometrics models instead of using traditional panel data econometrics models (such as fixed effects, random effects, generalised mixed-effects models, and so on) provide effective results (Mensah et al., 2019).
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