APPENDIX 1

Table A1. Literature Review on Complementarity
	No
	Author
	Country and Period
	Variables
	Method
	Results

	1
	Canales et al.
(2019)
	Poland
(2008)
	Discharge, Solar radiation, Windspeed
	Correlation between each pair of resources and vector representation, Compromise programming, Total temporal complementarity index 
	- Timescale selection has a direct impact on the energetic complementarity index value

	2
	Guezgouz et al.
(2021)
	Algeria
(2019)
	Wind radiation, Solar radiation
	Spearman's rank coefficient of correlation
	- Lack of spatial complementarity and moderate complementarity levels in the coastal and highlands regions. 
- When distance increases, the correlation coefficient of wind-wind power decreases rapidly compared to solar-solar power

	3
	Karadöl et al.
(2021)
	Turkey
(2017-2018)
	Wind, Hydro
	Critical Time Window Index (CTW METHOD)
	To change plant clusters to optimal levels will help to have a better spatial-temporal complementarity, which will help to increase the capacity factors of power plants, reduce the levelized cost of energy and reduce low generation durations and frequencies when compared to the current situation. 

	4
	Kapica et al.
(2021)
	Between 66◦ South and 66◦ North 
(2001-2020)
	Average daily wind speed, Clear-sky insolation clearness index, KT (-), All-sky insolation incident on a horizontal surface
	Kendall's tau correlation coefficient
	- Kendall's tau ranges between -0.75 to 0.75 
- To prevent the variability of energy production restraintments and to maximise energy production, energy predisposition of the area should be the main determining factor to determine dominating energy source

	5
	Ding et al.
(2017)
	China Hubei District
(2014-2016)
	Solar radiation, Wind energy, Complementary index
	Astronomical radiation method
	- There is a high spatial complementarity
- The solar and wind complementarity differs among seasons

	6
	Ciria et al.
(2020)
	North of Italy
(1992-2012)
	Solar Radiation and Temperature (to simulate Solar PV generation and Electricity Demand)
	CWT (Continuous Wavelet Transform), WTC (Wavelet Transform Coherence), WBCI (Wavelet-based complementarity index), DWT (Discrete Wavelet Transform)
	- The improvement of energy mix helps to minimise balancing costs and storage needs 
- Renewable energy complementarity is beneficial by limiting the energy production and load balance variability

	7
	Risso et al.
(2019)
	N/A
	Renewable Energy,  Hybrid Energy systems
	Complementarity roses evaluating spatial complementarity in time between energy resources
	Energetic complementarity can be applied for both energy planning and operation of energy systems based on renewable energy systems

	8
	Ren et al.
(2019)
	China
(2013-2017)
	 Wind, Solar
	Kendall's tau correlation coefficient
	- For most cases, the complementarity of wind and PV plants is superior when they are in the same region and when the correlation is positive, complementarity improves
- Complementarity of wind and solar helps to erase the zero power output, increase reliability and mitigate hourly power decreases

	9
	Canales et al.
(2020)
	Colombia
(2015)
	Wind, Radiation, Runoff
	Assessing temporal complementarity between three variable energy sources through correlation and compromise programming 
	The majority of the country presents a complementarity between solar radiation and surface runoff and between wind speed and surface runoff throughout the year.

	10

	Jerez et al.
(2013)
	Iberian Peninsula
(1959-2007)
	Wind, Solar, Short-wave radiation, Wind speed
	Developed the optimisation algorithm with two approaches (idealistic, realistic)
	The algorithm is able to profitably reduce the interannual variability of the monthly power generation series that result from an optimum wind-plus-solar power system, also enhancing its stability throughout the year in comparison to the single-source approaches

	11
	Lolla et al.
(2015)
	India
(1979 - 2013)
	Solar, Wind, Wind and Solar farm distribution
	Proof-of-concept
	Spatial-temporal complementarity of wind and solar resources varies in seasonal-scale 

	12
	Dou et al.
(2018)
	Yalong River
(2007 - 2016)
	Wind, PV, Hydro
	The objective function to maximise the minimum bundled output of the wind/PV/hydropower by regulation of hydropower
	- There is complementarity between wind and PV power, and the complementarity ratio between the sources is related to installed capacity
- When the installed capacity of new energy increases, the complementarity of power generation systems of all dual complementarities between energy sources decreases

	13
	Slusarewicz & Cohan
(2018)
	Texas
(2007-2013)
	Solar, Wind, Coefficient of variance, Firm capacity, Peak average capacity
	System Advisory Model
	- There is a complementarity between solar and wind
- Combination of solar with wind may help to increase reliable power production on an annual basis

	14
	Radu et al.
(2019)
	Europe & Greenland
(2008-2017)
	Wind
	Regional Climate Model
	- Technological innovation could enable higher capacity by supporting high-quality wind resource
- Extending renewable energy generation to potential areas can be beneficial for secure and reliable supply

	15
	Cao et al.
(2019)
	Shandong Province, China
(2006-2015)
	Solar, Wind, Complementarity, Variation and Improvement coefficients
	Tri-level progressive approach
	Spatial complementary combinations have more potential to provide more options and maybe more prominent than local ones to make full use of wind-solar complementarities

	16
	Ana-Gnandji et al. (2018)
	Benin Republic
(2013)
	DNI, Wind speed
	Pearson Correlation Coefficient, Particle Swarm Optimization
	Optimal complementarity obtained in the coastal region between wind and solar

	17
	Zhu et al.
(2018 b)
	China
	Hydro, Wind speed, Solar, Radiation
	Complementary operation model
	Complementarity was detected between the three energy sources. The complementarity between hydro and wind is better than that between hydro and solar 

	18
	Shabani & Mahmoud
(2019)
	Iran
(2018)
	Solar, Hydro
	LOLP, Optimal investment
	-Paper assesses the impact of four common data records sampling scenarios on the optimal design of a stand-alone hybrid PV-hydro system, using NSGA-II as the optimisation tool.

	19
	During Fo et al.
(2018)
	N/A
	Solar, Hydro
	Method of Beluco
	For different values of complementarity, the performance of batteries evolved, and the cost of energy increased as complementarity moves to complete complementarity instead of situational

	20
	Jurasz & Ciapala
(2017)
	Poland
(2006-2008)
	Solar, Hydro, Flow rate
	Mixed-integer non-linear mathematical simulation model (MINLP)
	While ROR - PV complementarity took up significant demand, it also smooths the energy demand 

	21
	Jurasz et al.
(2018b)
	Poland (Lower Silesia)
(2012)
	Solar, Wind, Local consumption index, Technology index, Technology specific emissions, etc.
	Linear optimisation models
	- If the local consumption index is included, wind and PV are similarly cost-competitive
- When costs are neglected, wind and solar PV provides nearly half of the energy to the region

	22
	Li et al.
(2019)
	China (Qinghai province)
(1959-2010)
	Solar radiation, Hydropower, Streamflow, PV power output
	Multi-objective optimisation model, Long-term optimisation model
	The complementarity of hydro-PV is more efficient than the isolated operations of hydro and PV outputs combined

	23
	Naeem et al.
(2019)
	Ireland
(2016)
	Solar, Wind, Price of electricity, Demand profile, Investment costs
	Developed an Optimisation framework to choose Optimised RES Mix
	Optimally selecting the threshold levels can help to achieve a considerable reduction in energy exchange costs

	24
	Zhang et al. 
(2019)
	China
(1980-2016)
	Solar, Wind
	Developed a method for a multi-energy complementary
	Optimal levels differ based on the stations capacity, adjustment capability, installed capacity and upstream flow

	25
	da Luz & Moura
(2019)
	Brazil
(1931-2014)
	Solar, Wind, Hydro, Biomass
	Optimisation model (New approach to consider the complementary among regions and RES in the energy planning)
	- Complementarity improves when considered regionally instead of nationally
- Hydropower have high complementarity with wind and biomass 

	26
	Han et al.
(2019)
	North China (Single Location)
(2014)
	Solar, Wind, Hydro, Correlation indices
	Kendall's rank correlation coefficient, Ramp Ratio and Fluctuation rate of combined power generation, Scene reduction method
	- To make the system more stable and increase complementary degree, hydropower should be included in complementarity with other resources
- Variation of complementarity in days mainly caused by fluctuations and power generation amounts 

	27
	Zhang et al. 
(2018a)
	China
(2006-2015)
	Solar, Wind, Local synergy coefficient, Ramp rates, Capacity factors
	The quantitative synergy assessment method consists of a tri-level structure
	The hourly variability of wind and solar resources is drastic. However, synergy effects help to smooth aggregate power and decrease volatility

	28
	Zhang et al. 
(2018b)
	China (Yalong River)
(2016)
	Solar, Wind, Hydro
	Progress Optimality Algorithm (POA)
	Applying the deformation of the POA algorithm for the optimisation schedule helps to vanish short-term fluctuations of wind and PV
















Table A2. Literature review on the effects of renewable energy, solid biofuel, biogases, solar thermal, industry, financial market development on CO2 emissions

	No
	Author
	Country and Period
	Variables
	Method
	Results

	1
	Rozensky
(2020)
	4 Selected European Countries
(2007-2016)
	Solid Fuel, Renewable Sources, Allowances Prize, Carbon sequestration, Factor of each country
	Regression analysis, Pearson Correlation Coefficient
	- Renewable has a negative effect on emissions
- Consumption of renewable resources are environmental-friendly and may result in a decrease in greenhouse gases

	2
	Ghorbani et al.
(2020)
	Iran
	Projected electricity demand, Projected desalination demand, Projected non-energetic industrial gas demand, etc.
	LUT Energy system transition model
	Iran has the potential to build an affordable, cost-effective power system based on renewable energy

	3
	Maennel
(2018)
	South Korea & Germany
	CO2 & NOx emission factors:
Anthracite, Bituminous, Brown Coal, Hard Coal, Natural Gas, Oil
	Grid emission factor-dependent, Monte Carlo simulation
	Renewable energy usage can help Germany to achieve and exceed the 2030 emission reduction targets

	4
	Bölük & Mert
(2014)
	16 EU COUNTRIES
(1990-2008)
	CO2 emissions, Income, Energy Consumption
	Panel Fixed Effects
	GHG contributions caused by renewable energy is nearly half of the contributions caused by fossil energy in terms of energy consumed per unit

	5
	Cho et al.
(2019)
	South Korea
(2015)
	Facility capacity, Efficiency, Utilisation rate, Life span, Cost
	LEAP Model
	Multiple scenarios evaluated, in order to achieve GHG emissions, it is necessary to prioritise decarbonisation in the power generation sector through expansion of renewable energy

	6
	Wang et al.
(2019)
	California
	Technology and cost characteristics of; Batteries, Hydrogen energy storage systems, Vehicle fueling or charging, Renewable gas production technologies
	Holistic Grid Resource Integration and Deployment model
	- To realise potential GHG emission reduction, potential load flexibility is crucial
- Most cost-effective GHG emission reduction potential is based on the usage of excess generated renewable energy in transportation

	7
	Domingos
(2017)
	15 European Union Countries
(1995-2012)
	Total waste sector GHG emissions, Landfill, Cren, EfW, Real GDP per capita, Real GDP per capita squared
	Fixed effect model
	Usage of waste to produce energy can contribute to reducing GHG emissions and the amount of waste deposited and can create conditions for the circular economy based on the new energies

	8
	Vasylieva et al.
(2019)
	EU Countries and Ukraine
(2000-2016)
	GDP, Renewable energy consumption, Corruption, GHG
	The quadratic function of dependence
	An increase in renewable energy usage helps to decline GHG emissions

	9
	Kim
(2020)
	Korea
(1981-2014)
	CO2 emissions (a proxy for GHG), FDI, Economic growth, Industrial Structure, Renewable and nuclear energy, Urbanisation
	ARDL
	Renewable and nuclear energy helps to reduce CO2 emissions

	10
	Khan et al.
(2018)
	Pakistan
(1981-2015)
	Agriculture value added, Coal electricity, Hydroelectricity, Renewable energy, Forest area, Vegetable area, GHG
	VAR, Toda and Yamamato
	There is unidirectional causality from renewable energy to GHG emission

	11
	Dedinec et al.
(2012)
	Macedonia
(2020: base year)
	Numerous variables have been used in order to evaluate all potential RES technologies, economic aspects, emission reduction cost curve, the total marginal cost of GHG emission reduction by RES
	GACMO- GHG emission reduction strategy
	-  In order to create enabling environment for better utilisation of RES technologies, support for small hydropower plants should be encouraged and to realise wind potential, construction of wind power plant "pilot" projects should be identified in order to overcome lack of experience and expertise 

	12
	Komarnicka & Murawska
(2021)
	27 EU Countries
(2010-2019)
	The share of renewable energy in total and in transport, electricity and heating and cooling, etc.
	Correlation and regression analysis
	The renewable energy source used on energy consumption helps to decrease GHG emissions

	13
	Pusesgaard et al.
(2013)
	Denmark
(2006)
	Livestock numbers, milk yield and feed plans for cows and heifers, Fertilizer norms24 and distribution of manure, Organic crop yields on sandy soil
	Analysis of environmental impacts focusing on N flows, crop yields, net energy production and GHG emissions, etc.
	In all scenarios, substantial reductions in net GHG emissions were obtained compared with the current situation.

	14
	Ginting
(2017)
	Indonesia (Karo District)
Hydraulic Retention Time: 45 days
	Gas production, Temperature, pH
	Completely Randomised Design (CRD)
	Application of biogas on agricultural waste helps to achieve GHG emission reduction determined on the local action plan

	15
	Yu et al.
(2008)
	China
(1991-2005)
	Fuels substituted by biogas for rural livelihood, GHG emission reduction by energy substitution, Emission from biogas combustion
	Energy substitution, Emission reduction from manure management, emission from biogas combustion
	Biogas had helped CO2 reduction between 1991 to 2005

	16
	Norton et al.
(1998)
	 N/A
	CO2, SO2, Nox
	Greenhouse gas index, Materials and energy use for solar PV, Emission factors, etc.
	Renewables are environmentally friendly and can help to create lower emissions on the electricity generation

	17
	Lenzen
(1999)
	Australia
(1992-1993)
	Cost, Material breakdowns, Energy and greenhouse gas contents and intensities of relevant materials and commodities
	Cost-based analyses
	Greenhouse gas costs vary based on size and capacity factor, which will increase by using  fossil-fuelled backup

	18
	Schnitzer et al.
(2006)
	An Austria Diary plant
	Consumption efficiency of second energy production, Heat integration, Heat capacities of materials and products
	Sankey diagrams, Pinch analysis, Environmental cost accounting
	- Temperature, cooling and heating are critical when considering solar thermal usage in the industry sector as an energy source
- Although the payback period of solar thermal energy is long, the cash flow assessment of the system should be in consideration when making an economic analysis

	19
	Al-Masri & Al-Sharqi
(2020)
	Jordan
	PV output power, Biogas generator output, Inverter output, Cost
	Grid-connected PV-Biogas energy system proposed
	Based on the affordability and reliability, the grid-connected system is better than a standalone system in a compromised solution

	20
	Greening & Azapagic
(2014)
	UK
	Solar thermal systems specification, Transport stage, Mode of transport, Distance
	Life-cycle assessment
	- Energy loss reduction from solar thermal systems can help to reduce adverse environmental impacts
- Mass installation of solar thermal systems leads to a small portion of reduction; therefore, economic aspects should be examined to evaluate opportunity costs

	21
	Ribberink et al.
(2013)
	Canada (Case Study)
	Numerous Simulation parameters, Climatological data
	TRNSYS
	There is a high potential to reduce GHG emissions by including solar collectors to a residential cogeneration systems

	22
	Zhang et al
(2012)
	China (Guizhou Province)
(2010-2011)
	Direct & Indirect emissions by; Construction, Operation, Demolition, Alternative energy, Alternative fertiliser and Net Emissions
	Hybrid LCA model
	To be able to achieve stable running of household biogas system, CO2 emission reduction potential should be taken into account, and the return on investment for the rural households was 1.78 years to achieve net carbon emission benefit

	23
	Zhang et al
(2022)
	209 biogas users and 489 non-biogas users from 19 villages in three provinces 
(2015)
	Household behaviour, Energy resources access, Acceptance of biogas access, Policy enforcement, etc.
	LMDI method
	For households, acceptance of biogas technology influences the reduction effect, and government subsidies significantly influence cost effect does not affect the reduction

	24
	Fahmy et al.
(2017)
	Egypt
(2002)
	External Walls, Glass Type, Energy-Plus weather (EPW), A summary report of weather data, An ASHRAE Design Conditions Design Day
	Morphing methodology
	The increase in annual consumption and cost has been reduced after the implementation of renewable energy supplied through the 2 m3 domestic biogas reactors, as well as the remarkable reductions in the annual CO2 emissions

	25
	Budzianowski et al.
(2016)
	N/A
	AD of organic matter with increased CH4/CO2 selectivity, Biological H2 generation from organic matter, AD with biogenic CO2 recycling, Biogas utilisation with facilitated CO2 sequestration, Low-carbon biofuels from biogas. 
	Comparative evaluation of variables without statistical model
	Biogas technology involvement can help to achieve; carbon neutral or even carbon negative energy systems, sustainability  transport, development of bio-based economy, circular economy,  low-carbon energy schemes, lower the emissions of emission-intensive industries

	26
	Coban et al.
(2015)
	N/A
	Isotopically labelled KHCO3, Inoculum,  Cow mature, Soil, 
	Isotope labelling approach(Experiment)
	Half of the biogas residues can be degradable

	27
	Budzianowski
(2011)
	Poland
(2010)
	CO2 generation intensity, electricity production
capacity, cost of electricity, perspectives for near-term deployment in Poland, Risks
	Criteria-based evaluation
	The significant level of biogas production can help to solve CCS, and applying CCS into electricity production from biogas can result in negative net CO2 emissions, which will help to offset the adverse effects of the emissions

	28
	Zhang et al.
(2007)
	China
(1996-2003)
	Emission quantities of CO2 and So2 of; Straw, Firewood, Coal, Refined Oil, Biogas
	Difference between emissions
	- Substitution of biomass energy and coal by biogas can reduce the CO2 emissions by a significant amount and can bring great benefits to the environment

	29
	Kirikkaleli
(2021)
	Italy
	Asymmetric influence of trade, renewable energy, and economic growth on consumption-based CO2 emissions
	Cointegration, Markov regression, Nonlinear ARDL(NARDL), Frequency domain causality
	Renewable energy consumption helps Italy to reduce consumption-based CO2 emissions

	30
	Bhat (2018)
	5 BRICS Countries
(1992-2016)
	GDP at market prices, Gross fixed capital formation, Labor force, Population GDP per head of population, Renewable energy consumption, Non-renewable energy consumption, CO2
	Cointegration, Long-run elasticity estimation
	While non-renewable energy consumption increases CO2 emissions, renewable energy consumption has the opposite effect

	31
	Raza et al. (2020)
	Next-11 and BRICS countries
(1990-2015)
	GDP, Residential energy consumption as per capita, Renewable energy consumption, Financial development, CO2
	Cointegration, Causality
	Renewable energy consumption is the fundamental part of CO2 emission reduction

	32
	Vo & Le (2019)
	5 ASEAN members
(1971-2014)
	CO2, Energy consumption, Renewable energy consumption, GDP per capita, Population
	Causality, VECM
	There is a long-run relationship on Indonesia, Myanmar and Malaysia between variables

	33
	Pham et al
(2020)
	44 countries
(2003-2014)
	CO2 emissions, Merchandise exports on GDP, Merchandise imports on GDP, Net FDI inflow on GDP, Real GDP, Renewable energy consumption
	Pooled mean group regression
	Renewable energy consumption has a positive effect on environmental quality

	34
	Liang et al.
(2021)
	N/A
	Numerous variables to consider:
CSP plant, Unit Operations, Working fluid thermodynamics, Equipment sizing, Thermal storage, Finance, Emissions
	Multi-objective MINLP model
	While cost-effective design aims to reduce the unit cost of power generation by maximising the power generation capacity, environmentally friendly designs prefer smaller power plants

	35
	Aunon-Hidalgo et al.
(2021)
	2.3.2020 - 23.4.2020
	Numerous variables to Electrical evaluation, Thermal evaluation, CO2 emission analysis
	Micro-CHP Stirling Engine
	-The joint operation of solar heat with PV panels results in significant CO2 emission reductions
-Achieving lower CO2 emissions values with increasing heat usage in the system is possible

	36
	Ampuño et al.
(2020)
	Ecuador ( two coastal cities and one island)
(2011-2018)
	Numerous variables, including Outlet temperature, Oil flow, Thermodynamic variables
	Solar Collector field, PCS Model
	- Implementation of thermo-solar plants helps CO2 emission reduction with reduction of fossil fuel consumption

	37
	Cheng et al.
(2022)
	China (30 provinces)
(2004-2016)
	Capital, Construction labours, Construction mechanical equipment, Energy, Total output value of the construction industry, CO2 emissions
	Environmental production Technology
	While industrial production increases CO2 emission at the national level, it has mixed results at the regional level

	38
	Chen et al.
(2022)
	5 Countries (China, India, Japan, USA, Russia)
(2015)
	26 industries
	Multi-regional input-output analysis, Multi-regional structural path analysis
	Industries that contributed the most CO2 emissions in five regions; electricity, petroleum, chemical, non-metallic mineral products, construction and transport industry

	39
	Wang et al.
(2021)
	China (Provincial data)
(2000-2018)
	Technology, FDI, CO2 emissions, Urbanisation, Energy Intensity
	Quantile regression
	Technology has a positive effect on CO2 emissions in the first three quantiles; however, its effect turns negative the remaining 6 of the seven quartiles. 

	40
	Hu et al.
(2021)
	China
(2013-2019)
	Energy consumption, Output value and investment in fixed assets, R&D expenditure, Thermal energy consumption
	Kaya identity, LMDI method
	Developmental investment expenditures have detrimental effects on the environment; however, R&D intensity and energy intensity were the two primary emission reduction factors

	41
	Wang et al.
(2021)
	China
(2000-2016)
	Square of GDP per capita, Population size, Real gross industrial output, Total energy consumption, Real gross industrial output, Industrial energy consumption.
	Input-output optimisation model, STIRPAT
	Improving the industrial structure will be helpful to CO2 reduction, which can be achieved by promoting low-carbon industries

	42
	Aslam et al.
(2021)
	Malaysia
(1971 - 2016)
	CO2 emissions, GDP, CO2 emissions from liquid fuel consumption, Industry, Trade
	ARDL, VECM, Granger
	The industry has a negative effect on the environmental footprint in the long run

	43
	Chen et al.
(2021)
	40 countries and aggregate of Rest of the World 
(1995-2009)
	Construction industry data
	Multiregional input-output model, Structural decomposition analysis model
	Although each countries industrial structure and driving factors of CO2 emissions across countries differ, the number of constructions of buildings and infrastructure is one of the main determining factors of CO2 emissions caused by the construction industry

	44
	Nassar et al.
(2021)
	Libya
(08/2010)
	Electrical generation, Fuel consumption, Gas composition, ten different gas turbine operation parameters, Fuel heating value, Emission from flare, CO2 dissolved in water.
	Life Cycle Assessment
	The most CO2 emission contribution from a sectoral perspective is infrastructure by a wide margin

	45
	Nasir et al.
(2021)
	Australia
(1980-2014)
	CO2, economic growth, trade openness, industrialisation, energy consumption, financial development
	Causality
	While stock market development has a bidirectional causal relationship with CO2 emissions in the short run, financial development is beneficial for the environment in the long run

	46
	Shoaib et al.
(2020)
	G8 and D8 Nations
(1999-2013)
	Financial development and CO2 emissions
	PMG, Panel ARDL
	 Financial development is beneficial for the environment in the long run

	47
	Zhao & Yang 
(2020)
	29 Chinese provinces
(2001-2015)
	CO2, Financial development, GDP, Energy consumption, Urban population
	Panel data
	Regional financial development has a restrictor effect on CO2 emissions

	48
	Sharma et al.
(2021)
	11 countries (1976-2015)
	CO2 emissions, GDP, Financial development, Consumption of energy resources
	Westerlund, CS-ARDL
	Financial sector development has a positive effect on CO2, and energy has a negatively moderating role between financial development and CO2 emissions

















































Table A3. Literature Review on the Asymmetric Effects of Renewables
	No
	Author
	Country and Period
	Variables
	Method
	Results

	1
	Ali & Kirikkaleli.
(2021)
	Italy
(1970-2018)
	Consumption-based CO2 Emissions, Renewable energy consumption, Exports, Imports, Economic Growth
	NARDL (Non-Linear ARDL)
	- Renewable energy, Exports and Gdp growth have a negative effect on Consumption-based CO2 emissions, while Imports have an adverse effect
-ARDL exhibited a long‐term asymmetric association between REN, EXP, IMP, GDPC, and CCO2. It postulates that a 1% positive shock in REN, EXP, and GDPC reduces CCO2. However, a 1% positive shock in IMP increases CCO2
- Renewable energy, Exports and Economic growth has negative impacts on Consumption-based CO2 emissions

	2
	Ahmed et al
(2021)
	USA
(1985-2017)
	CO2 emissions, GDP per capita, GDP per capita square, Public renewable energy research development and demonstration budgets, Economic policy uncertainty, FDI
	Linear and Non-Linear ARDL
	- Only asymmetric cointegration among variables. 
- In the long-run, positive and negative shocks on Economic policy uncertainty have reduced CO2 emissions, and negative impacts surpass the positive impact. Public renewable energy research development and demonstration budgets do not affect CO2 emissions
- EKC hypothesis 
- There is a symmetric bidirectional causality between Growth and Economic policy uncertainty

	3
	Ahmed et al.
(2021)
	Japan
(1971-2016)
	Ecological Footprint, GDP, GDP square, Energy Consumption, Economic Globalization, Financial Development, Population Density
	Linear and Non-Linear ARDL
	- For the asymmetric ARDL model, negative and positive effects of globalisation and population density has a decreasing effect on Ecological footprint. However, positive shocks on financial development and Energy consumption have the opposite effect.
- Causality from GDP to Ecological Footprint
- Linear ARDL method is unable to present reliable results in the presence of asymmetries

	4
	Al-Mulali et al.
(2019)
	Malaysia
(1980-2017)
	CO2 emissions, Population density, GDP, Energy intensity, Stock traded (% of GDP)
	NARDL (Non-Linear ARDL)
	- The most critical variables that contribute to CO2 emissions in the short run are stocks traded and population density; GDP and energy intensity increase CO2 emissions. 
- Long-term results are similar to short-term results, except that stock trading reduces CO2 emissions

	5
	Yousaf Malik et al.
(2020)
	Pakistan
(1971-2014)
	CO2, GDP, GDP square, FDI, Oil price
Control variables: (Inflation, Human capital, Exports, Governance, Financial development, Urban population)
	Linear and Non-Linear ARDL
	- For symmetric ARDL results show that oil prices have a positive effect on CO2 emissions in the short-run but opposite effects in the long-run
- In the long run, the increase in oil price helps to reduce CO2 emissions, while the decrease in Oil price opposite effect on CO2 emissions on the NARDL model
- A bi-directional causality exists between economic growth and CO2 emissions and unidirectional causality from FDI and oil price towards carbon emission. 

	6
	Koengkan et al.
(2019)
	18 Latin American and Caribbean Countries
(1990-2014)
	CO2 emissions, GDP, Renewable energy consumption, Fossil fuel consumption, Globalisation index (Economic, Social and Political globalisation index)
	NARDL (Non-Linear ARDL)
	While renewable energy consumption reduces CO2 emissions, globalisation and sub-components of globalisation and fossil fuel consumption have adverse effects on CO2 emissions. 

	7
	Adebayo et al.
(2021)
	Chile
(1990-2018)
	Consumption-based carbon emissions, GDP, Technological innovation, Renewable energy
	Linear and Non-Linear ARDL
	- Long-run interconnection between Consumption-based CO2 emissions, technological innovation and renewable energy consumption. In the long run, positive and negative changes on GDP positively impact consumption-based CO2 emissions
- In the short run, a decrease in GDP positively impacts consumption-based CO2 emissions. In comparison, an increase in technological innovation has harmful effects on the environment.
- Asymmetric causality shows that consumption-based CO2 emissions are positively affected by positive renewable energy and negatively affected by a negative shock in technological innovation

	8
	Odugbesan & Adebayo
(2020)
	Nigeria
(1981-2016)
	CO2 emissions, Financial development, FDI, GDP growth, Energy usage
	Linear and Non-Linear ARDL
	- Linear ARDL shows that FDI and energy consumption have a long-run relationship with CO2 and a short-run relationship with FDI and CO2.
- Asymmetric model shows that positive change in financial development, and positive and negative shocks on FDI reduce CO2 emissions

	9
	Ahmad et al.
(2019)
	China
(1980-2014)
	Financial development (Domestic credit to the private sector as % of GDP), GDO, CO2 emissions
	NARDL (Non-Linear ARDL)
	-Long term relationship between economic growth, energy use, financial development and CO2 emissions
- Economic growth, financial development and energy use are positively associated with CO2 emissions.

	10

	Bosah et al.
(2020)
	15 countries
(1971-2014)
	CO2 emissions, GDP per capita, Electric power consumption
	NARDL (Non-Linear ARDL), Non-parametric Granger causality
	-Long and short-run relationships vary by country. 

	11
	Karasoy
(2019)
	Turkey
(1965-2015)
	CO2 emissions, Income, Renewable and non-renewable energy consumption, Trade, Financial development
	NARDL (Non-Linear ARDL)
	- Renewable energy consumption has an asymmetric impact on CO2 emissions.
-Positive shocks on non-renewable and renewable energy consumption has an increasing effect on CO2 emissions, while negative shocks on renewable energy consumption have increased and negative shocks on non-renewable energy has reduced CO2 emissions

	12
	Omoke et al.
(2020)
	Nigeria
(1971-2014)
	CO2 emissions, GDP, Energy use, Exchange rate, Financial development, Urbanisation
	Linear and Non-Linear ARDL
	- Financial development has positive effects on CO2 emissions in the Linear ARDL model
- NARDL model shows a positive impact of positive shocks in financial development on CO2 emissions while the negative shock has opposite effects on CO2 emissions.

	13
	Toumi & Toumi
(2019)
	Saudi Arabia
(1990-2014)
	CO2 emissions, Renewable energy, Real GDP
	NARDL (Non-Linear ARDL)
	- Positive and negative shocks on renewable energy consumption have an adverse impact on CO2 emissions
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