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On the 23rd of June 2016, the United Kingdom voted to leave the EU, leading to months and 32 

years of economic policy uncertainties. Such uncertainties have not only characterized the UK 33 

but have become a center point for energy debate in recent times. Given the foregoing, this paper 34 

progresses to provide evidence on the role of Economic Policy Uncertainty in the Energy 35 

Consumption - Emission nexus in the UK. We use annual data spanning the period of 1985–2017 36 

for the UK for CO2 emissions in tons per capita (CO2), real GDP (RGDP), energy use (EU), and 37 

economic policy uncertainty (EPU). The Autoregressive distributed lag model (ARDL) bound 38 

test is used to test the fitness of the model in the short and long term. Our model shows that EPU 39 

matters most in the short run, as it reduces the growth of CO2 emissions, while prolonged use of 40 

EPU in the UK, exhibit controversial influence, where CO2 emissions continue to rise. In 41 

addition, pairwise Granger causality shows a one-way causality running from energy use to CO2 42 

emissions, CO2 emissions to economic policy uncertainty, and also from energy use to economic 43 

policy uncertainty. However, two-ways causality is found between real GDP and real GDP per 44 

capita. Overall, our results imply that EPU is likely to yield a positive effect on climate change 45 

for a short time, but continue dependent will, in the long run, create an unhealthy environment. 46 

We suggest that the UK government should consider implementing an additional long-run policy 47 

that will supplement the effort of EPU. 48 

Keywords: Economic Policy Uncertainties; Energy Consumption; CO2 Emission; Economic 49 

Growth 50 

  51 
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 52 

1. Introduction 53 

The global economy has witnessed rapid turn out events in the past few years, giving rise 54 

to concerns on climate change, political and policy uncertainty. As a result, past and existing 55 

studies have tried to examine these topical issues for the welfare and sustenance of the world 56 

economy. According to Antonakakis et al. (2017), climate change concerns associated with the 57 

nexus of energy consumption and emission are related to all human and energy activities geared 58 

towards economic growth, inducing detrimental effects to global welfare and its environs. 59 

Interestingly, the literature reveals that the Environmental Kuznets Curve theory (EKC) has been 60 

simultaneously used in this nexus. The EKC hypothesizes that as a country embarks on the 61 

process of income growth, there is an increase in energy consumption, thus raising the level of 62 

pollution and environmental degradation. Once a certain level of wealth is reached, 63 

environmental degradation reduces with the use of cleaner energy sources (Cowan, 2014).  64 

Studies have indicated this to be true; that is, an increase in income (GDP) induces a similar 65 

decrease in energy consumption and pollution(carbon emission). In contrast, for others, it 66 

appeared that pollution (carbon emission) increased with a similar increase in income (GDP) and 67 

energy consumption (Antonakakis et al., 2017; Zakarya, 2015).   68 

While examining the trends of real GDP per capita, primary energy consumption per 69 

capita and carbon emission for an industrialized country such as the United Kingdom. (Fig.2.) It 70 

can be observed that the real GDP per capita for the economy increased rapidly between 1985-71 

2000, recording an increase of about 44% in this period. It appears that the rise in real GDP per 72 

capita induced a noticeable upward trend for energy consumption from 151.4 to 161.3 in 1985 to 73 

2000, respectively, which is about a 6% increase in primary energy consumption. However, the 74 
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UK’s carbon emission reduced by 2% over the 1985 and 2000 values. Thus, the changes in real 75 

GDP per capita had a positive effect on energy consumption, but the impact was negative for 76 

carbon emission within this period. 77 

Furthermore, while real GDP per capita, energy consumption, and carbon emission rose 78 

consistently in other countries from the early 2000s up till 2015. The UK witnessed a fall in real 79 

GDP per capita, energy consumption, and carbon emission during the period 2008-2009, which 80 

was marked by the Global Financial Crisis. Primary energy consumption fell from 152.3 to 139.8 81 

in 2007 and 2009, respectively, leading to a reduction in carbon emission of about 8% during the 82 

period. 83 

Fig.1. CO2 emissions (Million Tonnes) 84 

 85 

Source: Author, underlying data from British Petroleum Review 86 
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Fig.2. GDP per capita (constant 2010 US$) 88 

 89 

Source: Author, underlying data from World Bank, World Development Indicators 90 

 91 

The same downward trend was observed for 2010-2015. It appeared that the uncertainty 92 

of Brexit and other public and institutional policy reforms caused decreasing energy 93 

consumption and carbon emission. Nevertheless, real GDP per capita still increased during this 94 

period. More recently, energy consumption in the UK has remained unstable, with a 95 

corresponding decline in carbon emission. On the other hand, a rise in the share of total global 96 

emissions has been observed for similar globalized countries like China, the USA, and India with 97 

values of 30%, 14.6%, and 6.8%, respectively (IEA, 2019). 98 

Fig.3. Primary Energy consumption (Gigajoule per capita) 99 
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 101 

Source: Author, underlying data from British Petroleum Review 102 

 103 

The reason for these mixed results, as implied by other studies are largely due to the rapid 104 

growth of population and industries, increasing dependence on carbon-related energy sources, 105 

and heightened policy uncertainties. In an attempt to define uncertainties existing literature 106 

points to two most common measures of uncertainties; Geopolitical risk (GPR) and Economic 107 

Policy Uncertainty (EPU), stating that they influence the behavior of economic agents and lead 108 

to delays in their consumption and investment decisions. GPR is associated with events such as 109 

political tensions, disagreements, warlike events, while EPU is concerned with uncertainties 110 

relating to monetary, fiscal, trade, and other interrelated policies (Aviral, 2019). The global 111 

financial challenges associated with the 2007-2009 Global financial crisis, US and European 112 

taxation, European Debt crisis, US-China trade war, Brexit, and other events have made EPU 113 

earn more considerations (Saud and Barrack, 2019).  114 
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Following Jin et al. (2020), EPU is described as the uncertainty associated with spikes in 115 

government regulatory, monetary, and fiscal policies that alter the environment in which 116 

individuals and institutions operate. It is clear from empirical evidence that higher economic 117 

policy uncertainty affects macroeconomic indicators, innovation, financial development, capital 118 

investment at the firm level, firm’s earnings and cash flow, tourism and economic growth (GDP) 119 

(Adams, 2016; Badar and Shen, 2019; Jin et al. 2020; Sagi et al., 2020; Zhaoxia, 2020). These 120 

results suggest that examining EPU is also critical in energy consumption nexus. Expectedly, 121 

higher EPU affects energy consumption, carbon emission, and economic growth with 122 

implications on environmental sustainability and development.  123 

In this wise, our study provides direct evidence on the role of Economic Policy 124 

Uncertainty in the Energy Consumption Emission nexus in the UK. We focus on this topic for 125 

three reasons. First, the literature on EPU is limited in the aspect of environmental sustainability, 126 

and this study is one of the contributors to the growing debate. Secondly, the rising concerns on 127 

Brexit affected the real and financial sectors of the UK, which may have also extended to 128 

macroeconomic indicators, consumption, and capital investments in the energy sector. Lastly, the 129 

impacts of the second may likely affect the future of environmental sustainability in the UK, and 130 

therefore this study will assist the design of her government policy. Similarly, lessons from this 131 

study will apply to countries with a similar commitment to maintain a steep trend in 132 

environmental pollution. In particular, such experiences will highlight the role of policy 133 

uncertainty in the energy-emissions nexus and the necessary policy implications. 134 

The aftereffects of the pairwise Granger causality shows a one-way causality running 135 

from energy use to CO2 emissions, CO2 emissions to economic policy uncertainty and energy 136 

use, and economic policy uncertainty. However, two-ways causality is found between real GDP 137 
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and real GDP per capita. Further, the short and long-run result shows that EPU matters both in 138 

the short and long run and has a negative impact on carbon emissions in the short term but if 139 

prolonged it contributes significantly to CO2 emissions. The effect of energy use on CO2 140 

emissions is moderated substantially by EPU in both the short and long run. The rest of the paper 141 

is structured such that section 2.0 contains the literature review. Section 3.0 discusses the theory 142 

and methodology of the study. Section 4 presents and discusses the empirical results, and section 143 

5 summarizes the paper with policy implications. 144 

2. Literature Review 145 

The literature captures the link between energy consumption emission nexus and 146 

economic growth by using specific countries, region-specific countries, or groups of countries, 147 

different methodologies including control variables, and covering different periods. Table 1 148 

summarizes this literature into three strands: First, the energy consumption emission nexus; 149 

second, energy consumption and economic growth; and lastly, the energy consumption emission 150 

nexus and economic growth. 151 

2.1 Energy consumption emission nexus 152 

In the literature, the energy consumption emission nexus simply focuses on the 153 

relationship between energy consumption and environmental pollution (Carbon emission). 154 

Rahman (2020), using an FMOLS estimator, found that electricity consumption has a detrimental 155 

impact on the environment for the panel of G7 countries andthe UK as a country. Using data on 156 

total energy consumption and carbon emission, Jalil and Feridun (2011) employed the 157 

Autoregressive Distributed Lag bounds test for China from 1953-2016. They found out that total 158 

energy consumption had a positive effect on environmental pollution. Hossain (2011), who 159 
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employed the Vector Error Correction Mechanism and Generalized Method of Moments on 9 160 

newly industrialized economies from 1971-2007, equally had similar findings. Studies by 161 

Jayanthakumaran et al. (2012), Ozturk and Acaravci, (2013) and Shahbaz et al. (2013) using the 162 

Autoregressive Distributed and Error Correction Model for China(and India), Turkey and 163 

Indonesia data respectively indicated that total energy consumption has a positive effect on 164 

carbon emission in the short run and long run. In addition, Dong et al. (2017) used the Granger 165 

causality and Augmented Mean Group estimator to examine the effect of natural gas and 166 

renewable energy consumption on CO2 emission in BRICS countries during 1985-2016. Their 167 

result indicated a negative impact and bi-directional causality flowing from the energy 168 

consumption to carbon emission for the countries.  169 

In the case of renewable and non-renewable energy, Bellaid and Youssef (2017) 170 

employed the ARDL and VECM Granger Causality on total renewable energy and non-171 

renewable energy in Algeria during 1980-2012. Their findings indicated that NRE has a positive 172 

effect on environmental pollution (CO2). Furthermore, using ARDL Pata (2018) revealed that 173 

these energy types had a positive and negative impact, respectively, on carbon emission. Also, 174 

PMG-ARDL, Chen et al. (2019) discovered that coal and non-fossil fuel energy had a positive 175 

effect on carbon emission in China during 1995-2012. More noticeable is that as important as 176 

energy consumption emission nexus is to economic growth, these studies did not emphasize the 177 

role of economic growth in the link. 178 

 179 

  180 
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 181 

Table 1: Summary of the reviewed literature 182 

S/

N 

Authors &Year Country/Territ

ory (s) 

Scope Energy 

Variable 

Methodology Impact on Economic Growth 

or Carbon Emission 

Energy consumption and Carbon Emission 

1 Dong et al. 

(2017) 

BRICS 

countries 

1985-2016 Natural gas 

and renewable 

energy 

Granger Causality 

and Augmented 

Mean Group 

(AMG) estimator  

Adverse effect and 

bidirectional causality 

(consumption and CO2) 

2 Jalili and 

Feridun (2011) 

China 1953-2006 Total energy ARDL Positive effect in the long run 

3 Jayanthakumara

m et al. (2012) 

China and 

India 

1971-2007 Total energy ARDL and ECM Positive effect in the short run 

4 Ugur Korkut 

Pata (2018) 

Turkey 1971-2014 Coal and 

noncarbohydra

te  

ARDL  The positive and negative 

effect 

5 Oztur Acarvci 

(2013) 

Turkey 1960-2007 Total energy ARDL and ECM Positive effect in the  

6 Hossain (2011) Nine 

industrialized 

economies 

1971-2007 Total energy VECM and GMM Positive effect 

7 Chen et al. 

(2019) 

China  1995-2012 Coal and non-

fossil fuel 

energy 

PMG-ARDL Positive effect 

8 Shabaz et al. 

(2013) 

Indonesia 1975-2011 Total energy ARDL and 

VECM Granger 

causality 

Positive effect 

9 Bellaid and 

Youssef (2017) 

Algeria 1980-2012 Renewable and 

Nonrenewable 

energy 

ARDL and 

VECM Granger 

causality 

The positive effect of NRE on 

CO2 
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Energy Consumption and Economic Growth 183 

10 Bilgil et al. 

(2018) 

17 OECD 

countries 

1977-

2010 

Renewable 

energy 

FMOLS and Panel 

DOLS 

Negative effect 

11 Carfora et al. 

(2019) 

4 Asian 

countries 

1971-

2015 

Oil Vector of Co-

integration and 

Granger-causality 

Mixed Results across 

countries 

12 Barreto (2018)   Oil and 

alternative 

energy 

Growth model Positive effect 

13 Atems and 

Hostaling 

(2018) 

174 countries 1980-

2012 

Renewable 

and Nren 

electricity 

System GMM A positive and significant 

relationship 

14 Alam and 

Murad (2020) 

25 OECD 

countries 

1970-

2012 

Renewable 

energy 

ARDL, PMG, 

MG, and DFE 

Positive and significant 

effect in the long term 

15 Aspergis and 

Payne (2010) 

15 emerging 

market 

198-

2006 

Coal  FMOLS and Panel 

causality 

Negative effect 
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economies 

16 Eggoh et al. 

(2011) 

21 African 

countries 

1970-

2006 

Total energy Panel co-

integration and 

causality tests 

Positive effect 

17 Aydin (2019) BRICS 

countries 

1992-

2013 

Biomass CIPS, bootstrap 

panel cointegration 

and causality test  

Mixed results across 

countries 

18 Bao and Xu 

(2019) 

China  1997-

2015 

RE Bootstrap panel 

causality test 

No causality effect 

19 Bhattacharya et 

al. (2016) 

38 countries  1991-

2012 

RE Panel estimation 

techniques 

Positive significant effect 

20 Akinlo (2008) 11 Sub Sahara 

countries 

1980-

2003 

Total energy ARDL bounds test 

and VECM 

Positive effect: mixed 

results on causality 

21 Apergis and 

Payne (2011) 

16 emerging 

market 

economies 

1990-

2007 

Total RE 

and NRE 

electricity  

Panel Granger 

causality  

Bidirectional causality 

(NRE and growth) 
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22 Carainani et al. 

(2015) 

Emerging 

European 

countries 

1980-

2013 

Coal, gas, 

oil, and 

renewable 

VECM Positive  

23 Lei et al. (2014) Biggest coal 

consuming 

countries 

2000-

2010 

Coal  Panel Causality Mixed results 

24 Kahia et al. 

(2017) 

11 MENA Net 

oil-importing 

countries 

1980-

2012 

Total RE 

AND NRE 

FMOLS and Panel 

Granger causality  

Bidirectional causality 

(NRE and growth) 

Energy Consumption, Carbon Emission, and Economic Growth 184 

25 Saidi and 

Hammami 

(2015) 

58 Global 

panel 

countries 

and sub-

panel 

regions 

1990-

2012 

Total 

Energy 

Dynamic Panel Data 

Model 

Positive effect 
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26 Adewuyi and 

Awodumi 

(2017) 

11 

ECOWAS 

countries 

1995-

2010 

Biomass  Three Stage Least 

Square 

Mixed results 

across countries 

(growth and carbon 

emission) 

27 Antonakakis et 

al. (2017) 

Different 

income 

groups of 

106 

countries 

1971-

2011 

Total energy  PVAR No significant 

effect and Bi-

directional 

causality (growth 

and consumption) 

28 Chakamera and 

Alagidede 

(2018) 

18 SSA 

countries 

1990-

2013 

Electricity  Two-stage least 

square 

Positive effect 

29 Chen et al. 

(2016) 

188 

countries 

1993-

2010 

Total 

Energy 

Panel co-integration 

and VECM 

The mixed result 

across countries 

30 Cowan et al. 

(2014) 

BRICS 

countries 

1990-

2010 

Electricity Panel Causality 

Analysis 

Mixed results 

across 
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countries(growth 

and consumption) 

31 Sebri and Ben-

Salha (2014) 

BRIC 

countries 

1971-

2010 

Renewable 

Energy 

ARDL, VECM 

Granger Causality 

Positive effect and 

bi-direction 

causality 

32 Wang et al. 

(2018) 

Balanced 

dataset for 

170 

countries 

1980-

2011 

Primary 

energy 

Panel Co-integration, 

VECM Granger 

causality 

Positive in the long 

run. Short-run and 

long-run 

bidirectional 

causality co2 

33 Katsuya Ito 42 

developed 

countries 

2002-

2011 

Renewable 

energy 

 Positive effect 

34 Zaman and 

Moemen (2017) 

90 selected 

income level 

countries 

1975-

2015 

 Non-linear 

regression, GMM, 

and DFE regression 

Evidence of EKC 
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35 
Riti et al. (2019 

China  1970-

2015 

Total energy ARDL, FMOLS, 

DOLS, and IRVD 

Evidence of EKC 

36 
Belsalobre-

lorente et al. 

(2018) 

EU-5 1985-

2016 

Renewable 

electricity 

consumptio

n 

Econometrical model 

based on empirical 

EKC model 

N-shaped 

relationship 

between growth 

and emission 

37 
Rahman (2020) 

G7 1961-

2013 

Electricity 

consumptio

n 

FMOLS Positive effect 

38 
Fosten, Morley 

and Taylor 

(2012)  

UK 1830 -

2003 

Total energy Non-linear threshold 

cointegration 

Evidence of EKC 

39 
Sephton and 

Mann (2016) 

UK 1830 -

2003 

Total energy the multivariate 

adaptive regression 

spline model 

Evidence of EKC 
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40 
Altunbas and 

Kapusuzoglub 

(2011) 

UK 1987 -

2007 

Total energy Granger causality Uni-directional 

Short-run causality 

from 
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 185 

 186 

2.2 Energy Consumption and Economic Growth 187 

The literature on the relationship between energy consumption and economic growth is 188 

quite vast owing to the awareness of the effects of energy consumption on economic growth in 189 

developing and developed economies (F. Adedoyin, Abubakar, Victor, & Asumadu, 2020; F. F. 190 

Adedoyin, Alola, & Bekun, 2020; F. F. Adedoyin, Bekun, & Alola, 2020; F. F. Adedoyin, 191 

Gumede, Bekun, Etokakpan, & Balsalobre-lorente, 2020; F. Adedoyin, Ozturk, Abubakar, 192 

Kumeka, & Folarin, 2020; Etokakpan, Adedoyin, Vedat, & Bekun, 2020; Kirikkaleli, Adedoyin, 193 

& Bekun, 2020; Udi, Bekun, & Adedoyin, 2020). Akinlo (2008) and Eggoh et al. (2011), while 194 

focusing on total energy consumption in their panel data studies on African and sub-Saharan 195 

Africa, revealed a positive effect of energy consumption on economic growth that is the higher 196 

the energy consumption, the more growth economies experience. Considering biomass and coal 197 

consumption; Aydin, (2019) produced mixed results for biomass consumption across BRICS 198 

countries while using the CIPS, Bootstrap panel cointegration, and causality test. Aspergis and 199 

Payne (2010) employed the FMOLS and panel causality in 15 emerging market economies and 200 

found a negative effect of coal consumption on economic growth.  201 

On the contrary, Lie et al. (2014), while using the panel causality estimation technique, 202 

found the relationship to be mixed across the biggest coal consuming countries. Carainani et al. 203 

(2015) looked at emerging European countries using gas, oil, renewable, coal consumption in 204 

emerging European countries during the period 1980-2013. They revealed a positive effect of the 205 

energy mix on economic growth. A more recent study by Barreto (2018) using oil and alternative 206 
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renewable energy, findings indicated a positive effect of oil on economic growth. In contrast, 207 

Carfora et al. (2019) results in 17 OECD countries revealed that there were mixed results across 208 

countries on oil consumption and economic growth.  Taking into consideration renewable and 209 

non-renewable energy, Bhattacharya et al. (2016), using the panel estimation technique, found 210 

renewable energy consumption positively related to economic growth. The result for OECD 211 

countries is negative for renewable energy consumption by Bilgil et al. (2018) using FMOLS and 212 

panel DOLS but was confirmed positive by Alam and Murad (2020) using ARDL, PMG, MG, 213 

and DFE. In another study, Atems and Hostaling (2018) found out that a positive and significant 214 

relationship exists between renewable and nonrenewable electricity consumption and economic 215 

growth.  Bao and Xu (2019) found no causality effect of renewable energy and economic growth 216 

in China using the Bootstrap panel causality test. Aspergis and Payne (2011) and Kahia et al. 217 

(2017) showed that a bi-directional causality exists between non-renewable energy consumption 218 

and economic growth while using Panel granger causality and FMOLS with panel granger 219 

causality analysis respectively. In the reviewed literature, there is no agreement on the effects of 220 

specific energy or energy mix on economic growth. 221 

2.3 Energy consumption emission nexus and economic growth 222 

This strand of literature describes the relationship between energy consumption, carbon 223 

emission, and economic growth. In the literature, on the type of energy, Altunbas and 224 

Kapusuzoglub (2011) could not find long-run causality between total energy consumption and 225 

economic growth in the United Kingdom. However, the study which utilized the granger 226 

causality test and data between the period between 1987 and 2007 found a short run 227 

unidirectional causality from GDP to energy consumption in the UK. Also, non-renewable 228 

energy consumption was found to have a negative impact on economic growth, while renewable 229 
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energy had a positive impact (Sebril and Ben-Salha, 2014; Ito, 2017).  Primary energy had a 230 

positive effect on C02 and economic growth (Wang et al., 2018), Electricity was found to have a 231 

positive effect in the growth consumption emission nexus for 18 SSA countries (Chakamera and 232 

Alagidede, 2018) whereas, the effect of biomass consumption was mixed across 11 ECOWAS 233 

countries (Adewuyi and Awodumi, 2017). Total energy consumption revealed a mixed impact 234 

across 188 countries (Chen et al., 2016) but no significant effect on 106 countries of different 235 

income groups (Antonakakis et al., 2017).  236 

Considering BRICS countries, Cowan et al. (2014) employed the Panel Causality Analysis while 237 

investigating economic growth and the nexus of energy consumption and CO2 emission during 238 

the period 1990-2010. The results indicated mixed results on the causality across countries. 239 

Sebril and Ben-Salha (2014) found out a positive and bi-directional causality between these 240 

variables when they employed ARDL, VECM, and Granger causality. In the same vein, 241 

bidirectional causality finding was revealed for different income level countries when tested with 242 

Panel Cointegration and VECM Granger causality (Wang et al., 2018). On the EKC hypothesis 243 

in the United Kingdom, Fosten, Morley, and Taylor (2012) used a non-linear threshold 244 

cointegration and error correction methodology and an extended dataset beginning in 1830 to 245 

2003 to investigate disequilibrium from the EKC in the United Kingdom. The study found that 246 

the inverted U shaped relationship between growth and emissions holds for the UK and that 247 

technological change could account for asymmetric adjustments in the emissions growth long-248 

run relationship. The study by Sephton and Mann (2016) confirmed the findings of Fosten, 249 

Morley, and Taylor (2012). The study used data spanning 1830 to 2003, and a multivariate 250 

adaptive regression spline model established a non- linear cointegrating relationship between 251 

emissions and income. Also, the study found the presence of the EKC in the UK with turning 252 
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points around 1966 and 1967 for C02 and S02, respectively. The turning points were associated 253 

with the introduction of the clean air Act in the UK and also the reduced use of coal to meet 254 

energy needs.  Upon investigating the temporal behavior of the EKC, they found that emissions 255 

restore the system to equilibrium in the case of a deviation from long-run relationship (between 256 

income and emissions). 257 

In a global context, Zaman and Moemen (2017) examined the interrelationship of energy 258 

consumption, C02 emissions, and economic development and indicated that the results support 259 

the EKC hypothesis. Similarly, Riti et al. (2019) findings also support the EKC hypothesis in a 260 

study on the consistency of the EKC results on the CO2 emission and economic growth in China 261 

using the ARDL, FMOLS, DOLS and IRVD techniques. However, when the EKC turning points 262 

of China were compared with different countries, inconsistencies were discovered. On the 263 

contrary, Balsalobre-Lorente et al. (2018) results did not support the EKC; instead, it confirmed 264 

an N-shaped relationship between the subject variables. 265 

Followingthe above, it is evident that there is no consensus on the direction of causality 266 

and effect as the results are mixed with or without considering the EKC hypothesis. This 267 

suggests that there might be inconsistencies due to macroeconomic institutional policies and 268 

poorly managed energy consumption, emission, and economic growth relationship existing in the 269 

different countries and regions (Adams et al., 2016). Thus, the rising concern of policy 270 

uncertainty is looked at in the next strand of studies. 271 

2.4 Energy consumption and Economic policy uncertainty 272 

In the literature, Economic Policy Uncertainty (EPU) is described as the uncertainty 273 

associated with impaled government regulatory, monetary, and fiscal policies that alter economic 274 
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outcomes and the environment in which economic agents operate. As EPU rises, firms revise and 275 

delay their investment decisions such that with this disclosure, other economic units hesitate in 276 

their consumption, investment, and savings decisions. Since the public and financial sector 277 

policies are weaker during high economic uncertainty (Harkos and Tzemeres, 2013; Aastveit, 278 

2017), it is expected that environmental concerns (carbon emission) deteriorate as a result of 279 

decreased pressure from consumption. Expectedly industries will employ cheap energy for 280 

production to make up for the low turnover due to EPU. Therefore, as the net income of such 281 

industries increases, they might use high energy production methods that are cleaner, and which 282 

invariably reduces carbon emissions.  283 

Thus, the EKC hypothesis might be true for the impact of EPU in the energy 284 

consumption emission nexus. More noticeable is that investment might be slightly or negatively 285 

affected during this period (Aastveit et al., 2017; Akron et al., 2020). A considerable number of 286 

studies have investigated the EPU for its impact in investment (Akron et al., 2020) equity (Raza, 287 

2013) financial policy (Astaveit et al. 2017; Albulescu, 2019; Ulusory, 2019) industrial and bank 288 

returns (Jin et al., 2019, Rehman, 2020), tourism (Tiwari et al., 2019) Stock market and 289 

commodity pricing (Raza, 2018; Rehma, 2019) liquidity management (Li, 2019) energy (Halkos 290 

et al.; 2013, Jiang et al., 2019; Adams, 2016) and environmental pollution (Jiang et al. 2019).  291 

These studies have considered a specific country, region, or group of countries together 292 

using varying theories, measures, control variables, periods, and estimation techniques. 293 

Considering the impact of EPU on the energy consumption nexus, Adams et al. (2016) employed 294 

the Panel Vector Autoregressive (PVAR) and Generalized Method of Moments (GMM) to 295 

investigate the effect of economic and political reforms on energy consumption in 16 SSA 296 

countries. Their findings revealed that there is a positive effect between the two variables. 297 
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Charfeddine and Kahia (2019), while also using the PVAR but with Impulse Response Function 298 

(IRF) to analyze the impact of renewable energy consumption and financial development in 24 299 

MENA countries indicated that a slight influence of renewable energy and financial development 300 

elucidate CO2 emissions. Rehma (2019) examined the predictability of energy prices (oil) to 301 

EPU and found out that there is an asymmetric long-run relationship between oil shocks and 302 

EPU. Jiang et al. (2019) used the Novel Parametric test of Granger causality to ascertain the 303 

effect of economic policy uncertainty on carbon emission. Their results showed that in the US 304 

sector, EPU granger causes carbon emission when the growth of carbon emission is in a lower or 305 

higher growth period. 306 

Since the existing literature find that the effect of EPU is significant in economic and 307 

financial activities, it is expected that leading from these activities, EPU may have an impact on 308 

energy consumption, which is reflected in the carbon emission decision for a country. It also 309 

appears that the studies on the EPU have increased in recent years; nevertheless, there is still 310 

dearth on the impact of EPU on the growth of energy consumption and carbon emission. Based 311 

on the studies reviewed, there was no study on the impact of EPU in the energy consumption 312 

emission nexus in the UK; neither was there any application of the EKC hypothesis on the 313 

subject matter. It is in this vein that this study tends to fill the knowledge gap. 314 

 315 

3. Data and Methods 316 

3.1 Models and Method 317 

Most of the previous panel analyses have used the Panel Vector Autoregressive (PVAR) 318 

and Generalized Method of Moments (GMM). Panel vector autoregressive (PVAR) is known to 319 
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pose restrictions on the coefficients of the contemporaneous variables (Sims 1980). Others 320 

impose restrictions on the covariance of the structural innovations (Hausman, Newey, and Taylor 321 

1987), or the long-run multipliers (Blanchard and Quah 1989). While Generalized Method of 322 

Moments (GMM) estimation can only hold on transformed data, which often time does not hold. 323 

Hence, we employed ARDL estimation, which takes into cognizant the limitations posed by the 324 

above models. 325 

There are numerous advantages of using the ARDL framework instead of the Panel Vector 326 

Autoregressive (PVAR) and Generalized Method of Moments (GMM), as noted by Adams et al. 327 

(2016). The conventional cointegration method estimates the long-run relationships within a 328 

context of a system of equations; the ARDL method employs only a single reduced form 329 

equation (Pesaran & Shin, 1995). The ARDL method yields consistent and robust results both for 330 

the long-run and short-run relationships among variables. The ARDL approach does not involve 331 

pre-testing variables, which means that the test for the existence of the relationship between 332 

variables in levels is applicable irrespective of whether the underlying regressors are purely I(0), 333 

purely I(1) or a mixture of both. This feature alone, given the characteristics of the cyclical 334 

components of the data, makes the standard of cointegration technique unsuitable, and even the 335 

existing unit root tests to identify the order of integration are still highly questionable. 336 

Following the literature, we adopt a single equation model to analyze the link that exists 337 

between energy use, economic policy uncertainty, and CO2 emission. The estimable equation is 338 

modeled as follows: 339 

𝐼𝑛 𝐶𝑂2𝑡  =  𝛼0 + 𝛼1𝐼𝑛𝐸𝑈𝑡 + 𝛼2𝐼𝑛𝑅𝐺𝐷𝑃𝑡 + 𝛼3𝐼𝑛𝑅𝐺𝐷𝑃2𝑡 +  𝑒𝑡           (1) 340 

𝐼𝑛 𝐶𝑂2𝑡  =  𝛼0 + 𝛼1𝐼𝑛𝐸𝑈𝑡 + 𝛼2𝐼𝑛𝑅𝐺𝐷𝑃𝑡 + 𝛼3𝐼𝑛𝑅𝐺𝐷𝑃2𝑡 + 𝛼4 𝐼𝑛𝐸𝑃𝑈𝑖𝑡 + 𝑒𝑖𝑡           (2) 341 
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𝐼𝑛 𝐶𝑂2𝑡  =  𝛼0 + 𝛼1𝐼𝑛𝐸𝑈𝑡 + 𝛼2𝐼𝑛𝑅𝐺𝐷𝑃𝑡 + 𝛼3𝐼𝑛𝑅𝐺𝐷𝑃2𝑡 + 𝛼4 𝐼𝑛𝐸𝑃𝑈𝑡 + 𝛼5 𝐼𝑛𝐸𝑃𝑈 ∗342 

𝐸𝑈𝑡 + 𝑒𝑡           (3) 343 

Where CO2 represents CO2 emission; EU measures the energy use; RGDP is real GDP; 344 

RGDP2 measures real GDP per capita, and EPU is economic policy uncertainty, while 345 

subscripts 𝑡 is the period. 346 

To test for the impact of energy use and economic policy uncertainty on CO2 emissions on a 347 

country basis, we introduced the ARDL bound test to enable us to test the fitness of the model in 348 

the short and long term. The ARDL bound test is widely used because of its essential predictive 349 

techniques for differentiating long-run and short-run models irrespective of the level of data 350 

stationarity.1 First, we estimated if the series would meet the long-run criteria; if so, then the 351 

error correction model (ECM) test would be conducted to determine the short-run relationship 352 

among the series. However, if the bound test failed to meet the criteria, then VAR estimation 353 

would be used to test the connection of selected variables. This model was chosen because it can 354 

check the past value of variables. Therefore, this approach can improve our estimation because a 355 

country maybe not have economic policy uncertainty at a point in time but can regain it after 356 

some time. Such disparities in periods can be tested with the ARDL bound test. 357 

 358 

3.2 Data 359 

We used annual data spanning the period of 1985–2017 for the UK. For time-series 360 

analyses of the determinants of CO2 emissions, we utilized CO2 emissions in tons per capita 361 

(CO2), real GDP (RGDP) is proxied by gross domestic product (billions of 2010 U.S. dollars), 362 

 
1 Enable the estimation of data series at both levels and the first different value 
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real GDP per capita (RGDP2) is proxied by gross domestic product per capita (billions of 2010 363 

U.S. dollars), energy use (EU) is proxied by primary energy consumption (Million tonnes oil 364 

equivalent) and economic policy uncertainty (EPU). The descriptive statistics of the data are 365 

provided in Tables 1. 366 

Table 1 report that CO2 emission, energy use, real GDP, real GDP per capita, and economic 367 

policy uncertainty is positively trending on average of 545.4054, 215.5784, 2116.942, 34987.08 368 

and  0.0706, respectively. While the standard deviation shows that real GDP per capita have the 369 

highest values, showing that real GDP per capita have the highest value. The skewness value 370 

shows negatively skewed for all the variables except economic policy uncertainty, while kurtosis 371 

value indicates that all the variables are positively leptokurtic. 372 

Table 1: Description of data and measurement units 373 

 CO2 EPU EU RGDP RGDP2 

Mean 545.4054 0.0706 215.5784 2116.942 34987.08 

Median 562.9870 0.0557 217.3056 2163.400 36592.81 

Maximum 602.8413 0.3021 232.3125 2841.200 43010.71 

Minimum 403.2094 0.0016 192.5221 1369.300 24214.04 

Std. Dev 51.7386 0.0616 11.8271 452.6043 5976.425 

Skewness -1.4742 1.8261 -0.5053 -0.0873 -0.3157 

Kurtosis 4.2455 7.1988 2.2254 1.6198 1.6133 

Jarque-Bera 14.0850 42.5816 2.2293 2.6612 3.1924 

Observation 33 33 33 33 33 

Author’s calculation 374 

 375 
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4. Results and Discussion 376 

Table 2 shows the unit-root results, and this is imperative to enable us to confirm the 377 

series of the data and its fitness ARDL analysis.  Both ADF and PP tests the findings on the level 378 

data series across the variables, and economies suggest the evidence of a unit root. However, the 379 

estimates on the first-order difference data series confirmed the rejection of the null hypothesis at 380 

a 1% level of significance for all samples and accepted alternative hypotheses. This evidence 381 

implies that the selected variables are not stationary at the level, but stationary at their first-order 382 

difference. This is suitable for ARDL bound test. 383 

 384 

Table 2: Unit root results 385 

Variable ADF PP 

 T-statistic T-statistic 

Panel A: Level   

CO2 1.8435 2.0674 

EPU -1.9436 -1.7544 

EU -0.6043 -0.7534 

RGDP -0.4236 -0.4384 

RGDP2 -1.2719 -1.3998 

   

Panel A: Difference   

CO2 -6.2261*** -6.1859*** 

EPU -5.1906*** -7.4337*** 

EU -7.1846*** -6.9208*** 
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RGDP -3.4562*** -3.4269*** 

RGDP2 -3.1701*** -3.1459*** 

Note: *** indicates that the variable coefficient is at the 1% significance level, respectively. 386 

Table 3 shows the bound test, and the results indicate that long-term equilibrium exists 387 

among the variables for the three models. The bound of the F-statistic is higher than the upper 388 

bound of the T-statistic (upper and lower bound) at all levels (i.e., 10%, 5%, and 1%), 389 

confirming that the series are co-integrated in the long run. 390 

Table 3: Bound test 391 

CO2 = f (EU, RGDP,RGDP2) 

 K=2 10% 5% 1% p-value 

  I(0) I(1) I(0) I(1) I(0) I(1) I(0) I(1) 

F 4.9002 2.72 3.77 3.23 4.35 4.29 5.61 0.0000 0.0000 

T 2.5011 -2.57 -3.46 -2.86 -3.78 -3.43 -4.37 0.0000 0.0000 

CO2 = f (EU, RGDP,RGDP2,EPU) 

 K=2 10% 5% 1% p-value 

  I(0) I(1) I(0) I(1) I(0) I(1) I(0) I(1) 

F 6.9439 1.9 3.01 2.26 3.48 3.07 4.44 0.0000 0.0000 

T 3.0931 -1.62 -3.26 -1.95 -3.6 -2.58 -4.23 0.0000 0.0000 

CO2 = f (EU, RGDP,RGDP2,EPU, EPU*EU) 

 K=2 10% 5% 1% p-value 

  I(0) I(1) I(0) I(1) I(0) I(1) I(0) I(1) 

F 4.4731 2.26 3.35 2.62 3.79 3.41 4.68 0.0000 0.0000 
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T -1.8524 -2.57 -3.86 -2.86 -4.19 -3.43 -4.79 - - 

Source: Authors Calculation 392 

Table 4 long runs ARDL results for the first model. The long-run estimation confirmed 393 

that energy use has a negative relationship with CO2 emission at the 5% significance level. This 394 

relationship means that energy use can lead to a reduced CO2 emission with an average value of 395 

3.8899%. This could be as a result of using cleaner energy use. Similarly, 1% increments in real 396 

GDP per capita adversely lead to increases of 0.0541% in CO2 emissions. However, real GDP 397 

shows no relationship with CO2 emission in the UK. This finding means that real GDP is never a 398 

determinant of CO2 emissions in the UK. This finding is in line with the work of Jalili and 399 

Feridun (2011), who reported a positive effect of energy consumption on CO2 emissions in 400 

China. 401 

As for the short-run, the coefficient of ECM is negative as expected and low (-0.3944) at 402 

the 1% significance level. The short-run estimation indicated that the past values of CO2 403 

emissions have a positive influence on CO2 emissions because they reduce this variable by 404 

0.5092%. By contrast, the present values of energy use have a strong influence on CO2 emission 405 

because they increase the growth of CO2 emissions by 2.8185%. The finding is contrary to the 406 

work of Jayanthakumaram et al. (2012) in China and India. Overall, energy use has both positive 407 

and negative impacts on CO2 emissions in the UK. 408 

Table 4: ARDL results 409 

CO2 = f (EU, RGDP,RGDP2) 

Variable Coefficient Std. error T.stat. 

Long-run results 
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EU -3.8899*** 1.5869 2.4512 

RGDP -0.6483 0.3407 1.9029 

RGDP2 0.0541*** 0.0253 -2.1360 

    

Short-run results 

ECT -0.3944*** 0.0825 4.7820 

D(CO2(-1)) -0.178079 0.197202 -0.903028 

D(CO2(-2)) -0.5092*** 0.1832 -2.7794 

D(EU) 2.8185*** 0.2741 10.2815 

D(EU(-1)) 0.4301 0.6144 0.7001 

D(EU(-2)) 1.2816*** 0.5611 2.2839 

Note: *** indicates that the variable coefficient is at the 1% significance level. 410 

 411 

Table 5 shows the ARDL results for model 2, and the long-run estimation shows that 412 

energy use and real GDP have a great impact on CO2 emissions because they reduce the growth 413 

of CO2 emissions in the UK by 6.0713% and 1.2344% yearly, respectively. This may be possible 414 

because the UK has adopted the policy of clean energy use, and for that reason, productions are 415 

also suggested from low emissions or clean energy sources. By contrast, real GDP per capita 416 

shows an adverse effect on CO2 emissions, as CO2 emissions continue to grow yearly by 0.0950 417 

% due to an increase in the level of real GDP per capita. The findings are not different from the 418 

work of Saidi and Hammami (2015) and Chakamera and Alagidede (2018). 419 
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The short-run estimation shows that the model is stable as it has the ECT negative value 420 

of -0.3439 at 1% significance levels. Further, the estimation proved that the past value of CO2 421 

emission impacted on the CO2 emission, because it reduces its growth by 0.1166% yearly. 422 

Similarly, real GDP also positively impacted the growth of CO2 emissions. That means CO2 423 

emissions decreased yearly with an average of 0.3697% due to an increase in real GDP. 424 

However, energy use shows a significant influence in increasing the growth of CO2 emissions 425 

yearly, with an average of 2.2486%. Poor implementation could be a factor in this negative 426 

impact on CO2 emissions. Surprisingly, economic policy uncertainty shows no connection with 427 

CO2 emission in the UK. 428 

Table 5: ARDL results 429 

CO2 = f (EU, RGDP,RGDP2,EPU) 

Variable Coefficient Std. error T.stat. 

Long-run results 

EU -6.0713*** 0.7695 7.8896 

RGDP -1.2344*** 0.3177 3.8858 

RGDP2 0.0950*** 0.0236 -4.0291 

EPU 285.0788 156.9562 -1.8163 

    

Short-run results 

ECT -0.3439*** 0.05281 6.5142 

D(CO2(-1)) -0.1166* 0.0813 -1.4342 

D(EU) 2.2486*** 0.2709 8.2982 

D(RGDP) -0.3697*** 0.0574 -6.4441 
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D(EPU) -0.3204 26.0732 -0.0123 

Note: ***, * indicates that the variable coefficient is at 1% and 10% significance levels, 430 

respectively. 431 

The table 6 shows the ARDL results for the model three and the long-run estimation 432 

show that energy use, real GDP, economic policy uncertainty and the interaction between 433 

economic policy uncertainty and energy use have a positive relationship with CO2 emissions by 434 

4.8002%, 1.2942%, 10244.68%, and 48.8308%, respectively while an increase in the level of 435 

real GDP per capita shows that CO2 emissions are reducing by 0.0822% yearly.  436 

The short-run estimation, the results show that past value of CO2 emissions and real GDP 437 

strongly increase the growth of CO2 emissions by 0.3585% and 2.6493%, respectively, while 438 

real GDP per capita shows an improving effect on CO2 emissions with an average of 0.1591% 439 

reductions yearly. Similarly, economic policy uncertainty shows significant power in reducing 440 

the level of CO2 emissions by 1603.593% yearly. By contrast, energy use and interaction 441 

between economic policy uncertainties adversely affect the growth of CO2 emission, with an 442 

average growth rate of 1.3915% and 7.6510% yearly. Poor implementation could be a factor in 443 

this negative impact on CO2 emissions. 444 

Table 6: ARDL results 445 

CO2 = f (EU, RGDP,RGDP2,EPU, EPU*EU) 

Variable Coefficient Std. error T.stat. 

Long-run results 

EU 4.8002* 3.0292 -1.5847 

RGDP 1.2942** 0.7296 -1.7738 
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RGDP2 -0.0822* 0.0509 1.6141 

EPU 10244.68** 5324.590 -1.924031 

EPU*EU 48.8308** 25.8516 1.8889 

    

Short-run results 

ECM -0.3898*** 0.0646 -6.0352 

D(CO2(-1)) 0.3585*** 0.1179 3.0393 

D(EU) 1.3915*** 0.4036 3.4476 

D(RGDP) 0.1589 0.8041 0.1976 

D(RGDP(-1)) 2.6493*** 1.0969 2.4151 

D(RGDP2) -0.0015 0.0497 -0.0309 

D(RGDP2(-1)) -0.1591*** 0.0658 -2.4182 

D(EPU) -1603.593*** 577.3962 -2.7773 

D(EPU*EU) 7.6510*** 2.8338 2.6999 

Note: ***, ** and * indicate that the variable coefficient is at 1%, 5%, and 10% significance 446 

levels, respectively. 447 

 448 

Table 7 shows Granger causality results, and the estimation shows one-way causality 449 

running from energy use to CO2 emissions. This is now new to the literature and has been 450 

heavily documented in the literature. Furthermore, there is a one-way causality that runs from 451 

CO2 emissions to economic policy uncertainty on the one hand as well as from energy use to 452 

economic policy uncertainty on the other hand. This is an addition to the literature. Economic 453 

policy uncertainty is Granger caused by both CO2 emissions and energy use. 454 
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Table 7: Granger causality results 455 

Variable F-Statistics Direction of Causality 

EU – CO2 2.1819* Unidirectional 

CO2 –EU 1.3664 

EPU – CO2 1.5184 Unidirectional 

CO2 – EPU 2.0762* 

EPU – EU 1.3079 Unidirectional 

EU – EPU 2.4531** 

Note: ***, ** and * indicate that the variable coefficient is at 1%, 5%, and 10% significance 456 

levels, respectively. 457 

The post analysis for the stability of the models shows that the recursive estimates are 458 

obtained at a 5% significance level.  459 
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5. Conclusion and Policy Implications 465 
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5.1 Summary and Conclusion 466 

An assessment of the causal connection between economic policy uncertainty, energy 467 

consumption, and CO2 emissions in the UK is not only timely but offers fresh insight into an 468 

environmental policy for developed economies. This paper, along these lines, progresses the 469 

assortment of information by examining the evidence on the role of Economic Policy 470 

Uncertainty in the Energy Consumption - Emission nexus in the UK. We use annual data 471 

spanning the period of 1985–2017 for the UK for CO2 emissions in tons per capita (CO2), real 472 

GDP (RGDP), energy use (EU), and economic policy uncertainty (EPU). The Autoregressive 473 

distributed lag model (ARDL) bound test is used to test the fitness of the model in the short and 474 

long term. Additionally, the error correction model (ECM) analysis was conducted to determine 475 

the short-run relationship among the series. The aftereffects of the pairwise Granger causality 476 

shows a one-way causality running from energy use to CO2 emissions, CO2 emissions to 477 

economic policy uncertainty and energy use, and economic policy uncertainty. However, two-478 

ways causality is found between real GDP and real GDP per capita. 479 

This study finds that EPU plays an important role in the effort to mitigate pollution, 480 

particularly CO2 emissions in the UK. Firstly it shows that EPU reduces the level of CO2 481 

emissions of the UK in the short-run, while the CO2 emissions increase due to EPU in the long-482 

run. The study further shows that economic growth and energy use primarily increases the level 483 

of CO2 emissions. Overall, this indicates that EPU plays a relevant role in curbing the rise in CO2 484 

emissions. Consequently, pertinent policies that discourages the rise in CO2 emissions are 485 

necessary. 486 

5.2 Policy Implication 487 
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Following the findings of this study, first, it is noteworthy that EPU matters in curtailing 488 

emissions in the UK as empirical results show that EPU have negative impacts on CO2 emissions 489 

in the short-run while the reverse is the case in the long-run as EPU shows positive impacts on 490 

CO2 emissions. This suggests that at the beginning, the role of EPU on the energy consumption-491 

emissions seems to require some attention because it act as a deterrent to emissions. However, in 492 

the longrun, given that clean energy sources are often used to curtail a rise in CO2 emissions as it 493 

has low or zero emissions, it becomes imperative to control the level of uncertainties that affect 494 

clean energy sources. This will help foster creativity in the industry. Furthermore, extracting 495 

power from such a source minimizes the level of CO2 emissions. Therefore, the government and 496 

relevant policymakers alike must explore workable policies that foster the use of clean energy 497 

sources for energy consumption. The moderating role of the impact of uncertainties can then be 498 

potentially achieved by deploying additional funds for the purchase of clean energy sources 499 

including through other means, such as domestic and foreign investments, loans, and fiscal 500 

benefits. This will not only enaure stability in the industry but also bring about some level of 501 

resilience, which can be achieved during times of shocks to the economy. Also, local investors 502 

can be motivated to venture into clean energy by offering funds and relaxing part of the taxes 503 

that discourage investments in energy. 504 

Second, this study finds that the level of economic expansion and energy use exerts a 505 

negative impact on mitigating CO2 emissions. For this reason, policymakers must prioritize their 506 

goals for a clean and healthy environment alongside economic growth and energy use. A high 507 

level of economic growth is likely to translate into CO2 emissions through production 508 

maximization. Firms often produce goods and services through the maximization of resources, 509 

such as energy use. Thus, the government must provide a prevailing environment and guideline 510 
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for the operation of firms to discourage firms from emitting CO2 emissions, while maintaining 511 

the growth of the overall economy. This way, the UK will be in line with the Sustainable 512 

Development Goal 12 by 2030 and on track to attaining her domestic target of zero-emission by 513 

2050. 514 

In a nutshell, the findings of this study presents us with a two-face policy - one that 515 

considers a short-term i.e. the pre-phase and another that considers a long term period i.e. main 516 

phase. Considering the sensitivity of pollution and its effects, it demands holistic policies that 517 

will act fast to reduce emissions. Findings presented in both the short-run and long-run would be 518 

an eye-opener for the policymakers to develop policies, first, in the short-time period to minimise 519 

the challenges posed by pollution but complemented by other sustainainable policies that will 520 

last for an extended period. However, despite the findings presented in this study, we 521 

recommend further studies that can take into account several panel of countries. In addition, a 522 

similar study on the UK economy can further consider specific impacts of Brexit and its 523 

uncertainty on energy-environment mix in both former and current European Union member 524 

clusters i.e. the EU with and without the UK. 525 
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