
 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Populärvetenskaplig sammanfattning 

 

Världen står inför ett paradigmskifte då rådande energisystem måste transformeras för att minska 

påverkan från antropogen klimatpåverkan. Världen har länge förlitat sig på fossila bränslen för att 

producera energi vilket lett till extensiva utsläpp av koldioxid till atmosfären. Dessa utsläpp leder i sin 

tur till temperaturökningar som kan resultera i omfattande negativa konsekvenser för oss människor och 

vår omgivning. Det är därför viktigt att byta ut dagens koldioxidintensiva energisystem till energisystem 

som inte medför lika höga utsläpp. Förnybara energikällor som sol eller vindkraft är ett av de mest 

framstående alternativen till dagens fossila energisystem just på grund av deras låga koldioxidutsläpp, 

men hittills har övergången mellan de två varit långsam. En snabbare omställning krävs för att nå 

Parisavtalets målsättning med en temperaturökning under 2℃ i relation till förindustriell tid.  

 

I dagsläget är det främst rikare länder som påbörjat en denna omställning där relativt höga andelar 

förnybar energi har inkluderats i den totala energimixen. Förhoppningen är att fattigare länder också ska 

påbörja denna omställning allteftersom de når högre tillväxtnivåer. Sambandet mellan ett lands tillväxt 

och dess negativa miljöpåverkan kan beskrivas genom den s.k. environmental Kuznets curve (EKC) 

hypotesen. Hypotesen teoretiserar att ett land först ökar sin negativa miljöpåverkan i den initiala fasen 

av tillväxt, ofta på grund av industrialisering. Landets negativa miljöpåverkan börjar sedan avstanna, 

stagnera och minska allteftersom en högre grad av tillväxt uppnås. Det totala sambandet kan summeras 

i en inverterad U-kurva. 

 

Denna studie har undersökt just EKC hypotesen genom att mäta ett land negativa miljöpåverkan genom 

dess grad av implementerad förnybar energi. Detta betyder förstås att formen på EKC representeras av 

en vanlig U-kurva istället för en upp och nedvänd sådan, eftersom en minskad negativ miljöpåverkan 

då representeras av en ökad implementation av förnybar energi. Detta har genomförts genom (1) en 

grundlig litteraturstudie, (2) åtskilliga spridningsdiagram, samt (3) en kausalitetsanlys mellan 

ekonomisk tillväxt, förnybar energikonsumtion samt fossil energikonsumtion. 

 

Resultatet från undersökningen påvisar att konsensus saknas i den rådande litteraturen angående EKC 

hypotesen samt sambanden mellan tillväxt och energikonsumtion. Det tycks finnas svag konsensus 

mellan ekonomisk tillväxt och fossil energikonsumtion där en ökning/minskning i ekonomisk tillväxt 

orsakar en ökning/minskning i fossil energikonsumtion, och vice versa. Formen på EKC tycks följa en 

vanlig U-kurva där länder startar från höga andelar förnybar energi som sedan minskar, stagnerar och 

ökar igen allteftersom den ekonomiska tillväxten ökar. Dock är det inte en självklarhet att länder följer 

detta mönster eftersom vissa länder uppnått väldigt höga nivåer av ekonomisk tillväxt utan att signifikant 

öka sin andelar förnybar energi, exempelvis Australien, Canada och Hong Kong. Ökningen av andelen 

förnybar energi verkar också vara begränsat till mindre, rikare länder. Dessa länders inverkan på det 

globala avancemanget mot hållbar utveckling är tyvärr relativt betydelselös i jämförelse med större 

länder som Kina och Ryssland. Undersökningen antyder också att en signifikant och betydande ökning 

av förnybar energi sker mellan 30 000 - 50 000 amerikanska dollar (USD) mätt i inflationsjusterad BNP 

per capita. 

 

Kausalitetsanalysen påvisar att ekonomisk tillväxt orsakar endast fossil energikonsumtion för 

utvecklingsländer. Detta är i linje med EKC hypotesen eftersom ekonomisk tillväxt i fattigare länder 

bör öka den negativa miljöpåverkan. För utvecklade länder orsakar ekonomisk tillväxt både fossil och 

förnybar energikonsumtion, samt orsakar förnybar energikonsumtion även fossil energikonsumtion. 

Detta är också i linje med EKC hypotesen eftersom tillväxt i rikare länder bör leda till mindre negativ 



 
 

miljöpåverkan. Dock leder ekonomisk tillväxt i rikare länder även till fossil energikonsumtion vilken 

kan antyda att dessa länder befinner sig runt vändpunkten på kurvan i en övergångsfas. Det kan också 

bli svårt att uppnå lägre nivåer av negativ miljöpåverkan eftersom förnybar energikonsumtion orsakar 

fossil energikonsumtion. En möjlig förklaring till detta samband är att snabbverkande fossil 

kraftproduktion behövs för att motverka variationerna i kraftproduktion från förnybara energikällor. När 

andelarna förnybar energi ökar så kvävs också mer snabbverkande fossil energi. 

 

Enligt officiell statistik så ser det ut som att rikare länder har lyckats uppnå en högre grad av hållbar 

utveckling än fattigare länder. Men de bakomliggande förklaringsmekanismerna till denna positiva 

utveckling är inte riktigt lika anslående som de föreslagna av EKC hypotesen. Oftast beskrivs denna 

minskning av negativ miljöpåverkan genom utveckling av ny och effektivare technologi i kombination 

med en omstrukturering av samhället till ökad tjänstesektor. Detta är troligtvis en av anledningarna till 

minskning, men flera faktorer är inblandade. Många rikare länder har börjat omlokalisera mycket av 

sina energiintensiva verksamheter till fattigare länder för att sedan importera de producerade varorna 

genom internationell handel. Många av dessa verksamheter drivs av fossil energi och när dessa flyttas 

utomlands så är det lättare att öka sina andelar förnybar energi. Detta fenomen brukar kallas för 

”outsourcing” eller ”avindustrialisering” och leder till att rikare länder undviker energiåtgången och 

koldioxidutsläppen som produktionen av dessa varor leder till. Den inhemska hållbara utvecklingen i 

det rikaste landet gör på så sätt framsteg, men ur ett globalt perspektiv så är detta ett högts 

kontraproduktivt förhållningssätt.  
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1 Introduction 

There is an asteroid plummeting towards earth from a far distance. Most experts have calculated that the 

asteroid will strike earth in a foreseeable future but exactly when and how great the damage will be is 

still not certain. Therefore, it is important that mankind unites against this common threat and starts 

working together to find a solution. We must find a way to deviate the asteroids path as soon as possible 

because the closer the asteroid gets, the harder it will be to diverge it from hitting earth. We must put 

aside our differences; stop thinking that this is just a natural process; stop talking and discussing so much 

and take action, because every second counts. The asteroid is coming our way and we have to start 

mitigating this problem as soon as possible. The coming asteroid is a metaphor for the climate crisis 

created by Joshua Goldstein and Staffan A. Qvist in their recent book “A bright future. How some 

countries have solved climate change and how others can follow”. It provides an alternative viewpoint 

on increasingly popular topic of climate change, apparent from the focus given to the climate activist 

Greta Thunberg during the past couple of years. Thunberg has lit a spark among young people to rise 

up and start demanding politicians to take this threat seriously, and that we should put our thrust in 

science. This might be because it is the younger generation that will suffer the most from the coming 

effects of climate change, if nothing is done. The coming asteroid is not a perfect metaphor for climate 

change; however, it illustrates the importance of early mitigation efforts, since the solutions becomes 

more radical the longer we wait. To some extent we have begun to realize that we must work together 

and hold each other accountable for making this change. This is apparent by the multiple conferences 

held in recent years regarding the topic of climate change where countries have signed agreements and 

established ambitious targets, one of the most notable being the Paris Agreement. 

 

In 2015, the 21st session of the conference of the parties (COP 21) was held in Paris where fundamental 

steps were taken towards a united mission of mitigating climate change. The Paris agreement stipulated 

that global average temperature should be kept below an increase of 2℃ in relation to pre-industrial 

times, and at best, below 1.5℃ (UNFCCC n.d.). These are very ambitious targets that would require a 

complete reconstruction of our global energy system and probably our entire financial system as well. 

The needed time and investments to make these changes to our current global infrastructure will be 

immense and as it looks right now, not enough is being done. In fact, if countries and states that have 

signed the Paris agreement would actually fulfill their ambitions, and global emission would stop 

increasing and stabilize, the temperature increase would still be 3℃ by the end of this century (Goldstein 

& Qvist 2019. 26). Some have calculated that we have less than a 5% chance of achieving the 2℃ target 

Adrian et.al (2017), and if current trends continues, global temperatures by the end of this century could 

reach as high as 4.5℃ (Goldstein & Qvist 2019. 26). These kinds of temperature increases could lead 

to multiple negative consequences, e.g. increasing number of extreme weather events, droughts, heat 

waves, rising sea levels and human mass migration due to regions being uninhabitable; consequences 

that some fear could lead to increased military tension (Perch-Nielsen, Bättig & Imboden 2008; Smith 

2007; Martin 2010). There is also a sense of unfairness to the situation since less developed regions will 

be affected the most by climate change, even though the problem originates in emissions from developed 

countries (Ravindranath, Sathaye 2002; St. Clair, Lynch 2010; UN 2019). 

 

The world is currently not on the path of meeting the goals set by the Paris Agreement nor the 

Sustainable Development Goal 7 developed by the UN regarding affordable, reliable, sustainable and 

modern energy for all (REN21 2019; Agency, I.E et.al. 2019). Unfortunately, progress is not only slow 

in the present but making large strides in the near future is also rather unlikely, due to the impending 
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and undoing process of industrialization in many developing countries that often brings about surging 

levels of energy consumption and emissions (REN21 2019). To ensure greater progress in the future our 

energy systems need to transform, from a historical dependence on fossil fuels to newer technologies 

like nuclear or renewables, since we know that the associated emissions from these energy sources is 

lower (Gurtu, Searcy & Jaber, 2016). The progress towards a global energy transition is slow and our 

dependence on fossil fuels are still high; however, transitions of this magnitude takes a long time to 

unfold due to path dependency and the general “stickiness” of large infrastructure systems. In fact, there 

are multiple developed countries that have managed to reduce their emissions in recent years partly due 

to renewables replacing fossil fuels, coupled with advancements in energy efficiency. Although, there 

are some suspicions that the reductions seen in richer countries is due to other factors such as 

outsourcing, where energy intensive industries are simply relocated to developed countries. However, 

the degree to which emission reductions is due to energy transitions coupled with energy efficiency or 

simple a result of outsourcing is not entirely known.  

 

The relationship between environmental impact and economic development has been studied 

extensively during past decades under multiple theories. One of the most popular theories that explains 

the relationship is the Environmental Kuznets Curve (EKC) hypothesis, that postulates an inverted U-

shape relation between environmental degradation and economic development. Meaning that 

environmental degradation first increases due to industrialization to later stagnates and declines due to 

structural changes and technological advancements. If the hypothesis was true, it would mean that 

countries should continue focus on increasing growth to elevate living condition, since environmental 

impact would decrease as a positive side effect. Thus, we could have our cake and eat it too. However, 

if countries opted for this strategy the environmental impact would still increase as more and more 

countries goes through the initial stages of development, even though the impact would eventually start 

to decrease. The questioned then becomes, can our ecosystems tolerate these initial increases in 

environmental degradations? 

 

Some have proposed alternative ways of increasing economic growth without increasing the 

environmental impact. One of these is the theory of green growth which suggests that it might be 

possible to grow the economy through investments in clean and resource-saving technologies (Jason 

Hickel & Giorgos Kallis 2019; Jänicke 2012). Multiple definitions of Green growth have emerged as 

the concept has gained more traction but Jason Hickel and Giorgos Kallis (2019) find the definition 

provided by the United Nations Environment Program (UNEP) to be the best. It states, “[A “green 

economy” is] defined as one that simultaneously grows income and improves human well-being while 

significantly reducing environmental risks and ecological scarcities”. A relevant aspect of Green growth 

theory is whether this strategy leads to sufficient increases in growth, or if fossil fuels is the only reliable 

option to achieve this. Janicke (2012) points out that countries cannot expect to experience strong 

economic growth while at the same time being able to achieve major breakthroughs in environmental 

sustainability, and that more moderate growth have to be accepted like the ones seen in Germany and 

Sweden.  

 

There is also an extensive discussion regarding different form of decoupling, which simply means that 

two variables move in different directions. A popular topic is the relationship between total energy 

consumption and economic growth where the two have historically been strongly connected or 

“coupled” but in recent times some developed countries have manage to decouple the two. Meaning 

that, total energy consumption has declined while economic growth has continued to increase. Apart 

from total energy consumption, carbon emissions are also a frequently used variable in this regard 

(Moreau & Vuille 2018; Jiborn et.al. 2018; Moreau, Neves, Catarina Amarante De Oliveira & Vuille 
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2019). Theories regarding environmental sustainability and economic growth can be placed on a 

spectrum, with economists advocating constant economic growth on one side and environmental activist 

who thinks that de-growth is the only viable option in the other, and Green growth theorists somewhere 

in the middle. 

1.1 Current renewable energy status and future predictions 

Renewable energy is a form of primary energy source that is often defined by its innate attribute of being 

constantly replenished by natural resources at a rapid rate, which in some way makes them an 

inexhaustible energy resource (Shinn 2019). This is one of the major benefits of renewables in relation 

to traditional fossil fuels, where discussions related to the its finite resource potential have been lengthy 

and extensive. Renewables is often divided into 6 different categories, i.e. Hydro, Wind, Solar, Biomass, 

Geothermal and Ocean power; where their order also represents global amounts of installed capacity, 

starting with the highest (REN21 2019). While hydropower currently holds the top position for largest 

installed capacity globally, other renewable sources like wind and solar are predicted to skyrocket during 

the next couple of decades, according to IEAs future forecasts (IEA 2019, b).  

 

The past couple of decades have been defined by a significant growth in renewables, and renewable 

energy sources have been recognized as a mainstream source of electricity generation (REN21 2019). 

The current growth trend among renewables is due to a number of reasons but three of the most 

prominent are (1) the cost reduction that have occurred, especially for solar PV and wind energy; (2) the 

increased policy support for these sources; and (3) the technological advancements regarding these 

technologies. Out of these three, the cost reduction is probably the single most important contributor to 

the ongoing rise in renewables. In fact, the cost of electricity produced from renewables is even lower 

that electricity produced from fossil fuels in some locations, and in some cases it is more economical to 

build new solar and wind farm than to run existing fossil fuel plants (REN 2019). Up until today, the 

declining cost of Solar PV is quite staggering, with annual reductions in installation cost at ~10% during 

the last three decades and a mean overall reduction in module cost of 22.5% for every doubling of 

installed capacity (Prăvălie, Patriche & Bandoc 2019). Future predictions made by IEA estimates a 15-

35% reduction in solar PV cost until 2024, and that solar PV will have the lowest levelized cost of 

electricity out of every power generation technology in any market after 2030 (IEA 2019, a; IEA 2019, 

b). The EIA (2020) predicts that the levelized cost of electricity for solar PV will increase in the short 

and later start to decline due to technological improvements.  

 

If this trend truly continues, renewables will be ever more competitive against fossil fuels and the IEA 

predicts that the share of global power production coming from renewables will outstrip that of coal in 

the mid-2020s. This transition is already in full swing where added power capacity was larger for 

renewables than for fossil fuels and nuclear combined during the past four years (REN 2019). The IEAs 

prediction for renewable in the power sector is exceptional, with low carbon energy sources generating 

more than 50% of total electricity generation by 2040 (IEA 2019, b).  Renewables power capacity is 

expected to grow with 50% up until 2024, coming from PV (60%); onshore wind (25%); and offshore 

wind and bioenergy (4%) (IEA 2019, a). China and Europe will dominate investments in onshore wind 

while China, United States and India will dominate investments in Solar PV. However, the rise in 

renewables will not only be substantial in the power sector but renewables in heat is set to increase with 

60% and triple in transportation by 2040. In conclusion, renewables have seen some tremendous 

increases during the past decade (Ritchie & Roser 2017) and is set to expand at an even faster rate in the 

future, given current predictions. 
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Despite the exceptional progress of renewables and its promising future, the reality is that the world is 

still heavily dependent upon fossil fuels, which will most probably be the case in the foreseeable future 

as well (REN 2019). The fact is that fossil fuel consumption is increasing with rising demand for oil in 

the US and China coupled with greater coal consumption in large parts of Asia. Coal in particular has 

played a huge role in the development process in Asia and 90% of installed coal capacity during the past 

20 years can be attributed to this region (IEA 2019, b). This is likely due to coal being a relatively quick 

and easy way of boosting energy consumption, especially in places where the price on carbon emissions 

is low or even nonexistent since coal then becomes the most competitive source of new electricity 

production. Global fossil fuel consumption will not be going down any time soon either since most 

countries opt for fossil fuel solutions when going through industrialization, a forthcoming or current 

process for many developing countries. Building new fossil fuel power plants also creates a lock-in 

effect due to the lifespan of these technologies that can be up to 40 years. The average age of coal fired 

power plants in Asia is only 12 years, which means that the dependency upon fossil fuels and its 

associated carbon emissions are locked-in for quite some time, which unfortunately also locks-out other 

more environmentally friendly technologies like renewables (Erickson et al. 2015; Unruh 2000).  

 

Our continued dependence upon fossil fuels in exemplified through increased greenhouse gas emissions 

(GHG) and in 2018 global carbon emissions grew 1.8%, which is the highest annual growth since 2013 

(IEA 2019, b). However, this was not an isolated event since the average growth of carbon emissions 

during the past 5 years have been 1.3% and if this is continued, the world's energy related carbon-budget 

will be exhausted in 10-18 years (IRENA 2019). Emission will mainly come from Asia, Africa and the 

middle East, and while China's emissions is set to decline after peaking in late 2020s, emissions from 

India is predicted to double up to 2050 (IEA 2019, b). Annual carbon emissions must drop 70% between 

now and 2050 to reach the 1.5℃, and to accomplish this the current share of fossil fuels at 86% must 

drop to 35% in 2050 whilst the share of renewables increase from 14 to 65% (IRENA 2019). 

 

The hopefulness of our current situation and future outlooks toward a sustainable energy development 

all depends on which set of fact that is accentuated, and the ability of looking at our situation realistically 

is increasingly important. Hopefully the decline trend in the cost of renewables will continue to make 

them even more competitive with fossil fuels in all kinds of situations, along with increase policy support 

in countries currently lagging behind. However, the main drawback of renewables is their intermittency, 

meaning that the power production from renewables is dependent on mostly uncontrollable conditions 

like weather, which is a huge problem. Renewable like solar and wind energy falls under this definition 

and are often called variable renewable energies (VRE). The unforeseeable energy production from 

renewables makes is hard for system operators to match supply and demand of energy, which can lead 

to huge energy price fluctuations, especially when increasingly larger shares of VRE is introduces into 

the grid (Seel, J. et al.  2020). This can somewhat be solved by connection energy grids spanning over 

larger regions to counteract possible “energy droughts” (Raynaud et al. 2018) or increasing grid 

flexibility both on the generation side and the demand side. Grid flexibility can be increase by enabling 

technologies like energy storage, heat pumps and electric vehicles; however, most of these technologies 

is still rather inefficient and underdeveloped. It is increasingly important for countries to invest in their 

power system infrastructure to handle large shares of VRE in the future, so that increasing the shares of 

VRE will not be hindered by underlying barrier related to underdeveloped power system infrastructures 

(Seel, et al.  2020; Sinsel, Riemke & Hoffmann 2020). Most systems can handle smaller shares of VRE 

without introducing any significant measures; however, the relevance of these measures becomes 

crucially important as more and more VRE are integrated into the system (REN 2019) 
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1.2 Hydropower 

Hydropower will be excluded from part of this report due to its variability in generation and potential 

between geographical locations, which will be further discussed in the methodology section. The 

following section will provide a brief presentation of these characteristics but a more detailed 

explanation why it has been excluded is provided in the method section.  

 

Hydropower has been used for thousands of years through older technologies like water mills, which 

later was connected to simple generators to produce electricity in the US and Europe by the end of the 

19th century (Breeze 2018). Due to the industrial revolution more advanced turbines could be constructed 

which led to huge hydropower growth in the 20th century and hydropower became the only renewable 

energy source that provided significant amount of electricity. The development of hydropower for 

different region is displayed in Figure 1, which depicts continuous growth in both Asia and South 

America, a relative stagnation in Europe and North America along with continuous low levels in Africa.  

 
Figure 1. Hydropower generation development for different regions from 1965 to 2018. 

The stagnation in many developed regions is due to the best and most profitable sites for hydropower 

being taken, along with implementations of restrictive regulations based on environmental concerns 

(Zeng et al. 2018; Gaudard & Romerio 2014). Much of the historical growth and success of developed 

countries can be attributed to the expansion of hydropower and today many developing countries are 

increasing their hydropower capacities to gain the same benefits. The fact is, almost all regions have 

some potential for hydropower even though it might only be through smaller hydropower plants. 

However, right now the geographical distribution is highly polarized with 53.8% of global production 

coming from 4 countries, e.g. China, Canada, Brazil and the US.  

 

Many studies have investigated hydropower as an energy source and their conclusion is that hydropower 

generation and potential is highly dependent on hydrological and topographical conditions and therefore 

highly variable with geographical location (Zhang et al. 2018; Darmaw et al. 2013; Chala, Ma'Arof & 

Sharma 2019; Zimny et al. 2013). Some have also pointed out that hydropower might not be as 

environmentally friendly as previously thought where greenhouse gas emissions could top emissions 

from fossil fuel power generation technologies (Chala, Ma'Arof & Sharma 2019; Darmaw et al. 2013). 

Of course, other renewables like solar and wind are also dependent upon location, due to global 

differences in irradiation and wind density (Prăvălie, Patriche & Bandoc 2019; Bandoc et al. 2018). 

However, countries can always invest in these technologies even if the output might be less substantial 

dependent on location, whereas large scale hydropower cannot be developed without local natural 

resources like rivers.  
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1.3 The environmental Kuznets curve hypothesis 

The theory behind the Kuznets curve was first postulated by Simon Kuznets in 1955 when he published 

a paper examining the relationship between income inequality and economic growth (Kuznets 1955). 

He suggested that income inequality first increases with rising economic growth; however, this increase 

in income inequality reaches a tipping point where further increases in economic growth actually leads 

to decreasing income inequality. This implies that the relationship between the two variables follows an 

inverted U-shape (Özcan & Öztürk 2019; Stern 2004). 

 

Following this concept, stipulated by Simon Kuznets, another theory was formulated by Grossman and 

Krueger in 1991. This was the theory of the Environmental Kuznets Curve (EKC). The theory is very 

similar to the abovementioned one; however, the EKC measures environmental degradation instead of 

income inequality. This means that environmental degradation first increases with rising economic 

growth up to a tipping point where further increases in economic growth leads to decreases in 

environmental degradation, an illustration of this can be seen in Figure 2 (Özokcu & Özdemir 2017). 

Some common variables that is often used in to measure environmental degradation is air pollution, 

CO2 emissions, water pollution and deforestation (Özcan & Öztürk 2019; Stern 2004). 

 

 
Figure 2. The Environmental Kuznets curve hypothesis 

Özokcu and Özdemir (2017) describes the fundamental theory behind the EKC hypothesis along with 

the subsequent implications it would have on our strategy of mitigating climate change, which is rather 

interesting and counterintuitive. Environmentalists have argued that, to halt the current environmental 

degradation that is happening in most countries, economic growth must be cancelled, or at least haltered. 

However, on the other side, some economists have argued that the problem of environmental 

degradation will solve itself if we just continue to grow the economy; that the environmental degradation 

that can be seen in the beginning of economic growth simply have to be accepted. This means that 

economic growth acts as a double-edged sword, because it is often referred to as the cause of 

environmental degradation but also the solution to it (Özcan & Öztürk 2019; Stern 2004). 

 

The EKC can be divided into three separate stages of development periods. The first period is the pre- 

industrial period. During this period environmental degradation increases rapidly with increased 

economic growth. As countries enter the early stages of industrialization, resource depletion increases 

and waste is generated at an increasing rate. During this period countries are not that concerned about 

negative effect on the environment because there are other factors like sufficient food supply and 
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building critical infrastructure that are more important. This is also due to these countries not being rich 

enough to spend money on environmental protection because other problems like poverty is more 

threatening to people’s lives. However, when countries enter the later stages of industrialization and 

income levels are rising so that people do not have to worry about having enough food on the table and 

a roof over their heads, they start to pay attention to the environment. Effective environmental 

regulations are introduced, and consumers spend more on green products. Caring for the environment is 

in this context a luxury problem. All of this leads to the post-industrial period where heavy industrial 

sectors are replaced with an increasing service sector and newer and more efficient technologies, which 

in turn leads to a decrease in environmental degradation (Özcan & Öztürk 2019; Stern 2004). 

 

The three stages of development which characterize the shape of the EKC curve is often referred to in 

the literature as “the scale effect”, “the composite effect” and “the technology effect” (Bölük, G. & Mert, 

M 2014). In early stages of development, when countries start their industrialization, they are building 

rudimentary and insufficient industries to increase their growth and overall production rapidly, which 

often lead to large amounts of environmental pollution. This means that countries in early stages 

experiences a rapid increase in the scale of their production, that overrule environmental efforts. As 

countries get richer, both their output mix and production techniques changes, and a transition occurs 

from an agrarian to industrial to finally a service-based sector. All of this indicates that the composition 

of the society has undergone a structural change. The final stage is where countries increase their 

investments in R&D that leads to technological advancements and improvements in efficiency. This 

usually has a spillover effect into economic growth which is part of the reason why economic 

development can continue throughout the entire process (Bölük & Mert 2014; Stern 2004). 

 

Most studies related to the EKC hypothesis investigates the relationship between environmental 

pollution and GDP per capita growth, which implies an inverted U shape curve. However, a different 

approach was applied by Yao, Zhang & Zhang (2019) where they introduce the Renewable energy 

environmental Kuznets curve hypothesis (RKC). This hypothesis illustrates the relationship between the 

share of renewable energy of total energy consumption and GDP per capita development. In contrast to 

the EKC hypothesis, the RKC has a completely opposite shape where the relationship is represented by 

a standard U-shape curve, which is illustrated in Figure 3. This suggests that renewable energy shares 

first decreases as traditional biofuels are phased with up until a turning point in economic development 

where further economic development leads to increased renewable energy shares.  

 

 
Figure 3. The renewable energy environmental Kuznets curve hypothesis 



8 
 

1.4 Growth, Conservation, Feedback and Neutrality hypothesis 

The EKC hypothesis is often investigated by studying the relationship between different variables like 

economic growth, energy consumption, and carbon emissions through some form of causality analysis. 

When the relationship between energy consumption and economic growth is studied, there are usually 

four hypothesis that helps to explain the relationship between the two variables (Bhattacharya et al. 

2016; Kahia et al. 2017). The four hypotheses are the Growth hypothesis, conservation hypothesis, 

feedback hypothesis, and neutrality hypothesis. 

 

The growth hypothesis is found when there is a unidirectional causality running from energy 

consumption to economic growth (Energy → GDP). This mean that when policymakers try to limit 

energy use through market-based instruments there will be negative effects on economic growth. The 

conservation hypothesis describes the inverse relationship where there is a unidirectional causality 

running from economic growth to energy use (Energy ← GDP). This suggests that decreases/increases 

in energy use will not have a negative effect on economic growth. Policymakers should therefore 

implement extensive energy conservation policies like energy efficiency and CO2 reduction measures. 

The third hypothesis is the feedback hypothesis and describes a bidirectional causality between energy 

use and economic growth (Energy ↔️ GDP). This means that an increase/decrease in energy use will 

result in an increase/decrease in economic growth and vice versa. This makes it more difficult for 

policymaker to know what consequences different energy policies will have on the economy. The last 

hypothesis is the neutrality hypothesis which postulates that energy use and economic growth is 

independent of each other (Energy ⇹ GDP). This means that an increase/decrease in energy use will 

not affect economic growth and vice versa. Some authors have also introduced a fifth hypothesis in to 

explain the special case when energy consumption negatively effects economic growth. This is called 

the “curse” hypothesis (Fuinhas & Marques 2019).  

1.5 Study aim and research questions 

The aim of this study is to investigate the EKC hypothesis when environmental degradation is 

measured in renewable energy. This will be done through a broad and holistic approach coupled with a 

thorough investigation into the causal links between economic growth and both renewable and fossil 

fuel energy consumption. 

 

Other variables like total energy consumption, fossil fuel consumption and carbon emission will also 

be included since they are so interconnected with renewable energy, especially when renewable 

energy is measured in shares. This can also help in validating the EKC hypothesis.  

To investigate the EKC hypothesis when environmental degradation is measured trough renewable 

energy, four research questions is formulated, 

 

1. Can a consensus regarding the existence of the EKC hypothesis be said to exist in the current 

literature? And if not, what are the potential causes? 

2. At which point in economic development do countries start significantly increasing their 

consumption of renewable energy, and how does it compare to their total energy consumption? 

3. What shape and underlying explanatory factors can be assumed to be valid regarding a country's 

renewable energy shares as economic growth increases? 

4. What are the potential causal relationships and the underlying mechanisms between economic 

growth, renewable energy and fossil fuel consumption? 
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1.6 Limitations 

Data regarding energy consumption and GDP per capita is often limited in its extent with a significant 

difference between developed and developing countries. While developed countries usually have 

relatively long data series, many developing countries only have data from the 1990s or lack available 

data altogether.  Also, renewable energy technology is relatively new, so the availability of longer time 

series is especially limited for this variable. Data regarding traditional bioenergy could also not be found, 

this is unfortunate since this could have increased the understanding of the energy development in many 

low-income regions.  

 

Also, due to the situation of the ongoing covid-19 virus, access to helpful advice regarding the technical 

parts of this report from my supervisor is limited. This is unfortunate since my supervisor is very 

knowledgeable in this regard and her inputs was very helpful up until the outbreak occurred. This will, 

to some extent, probably hamper the depth of the more technical aspects of this report.  

1.7 Delimitations 

The chosen model for the causality test is a VAR model and the causality analysis will be carried out 

through the short run granger causality test. There are some examples in the literature where a vector 

error correction model (VECM) have been used instead of a VAR model. This enables the investigation 

of the long run granger causality through the error correction term of the VECM and not just the short 

run granger causality which is the case for the VAR model. Most prior studies have also done a 

cointegration test between the variables which enables the variables to be non-stationary and the result 

indicates whether there exists a long run relationship between the variables. Some studies have also done 

model estimations to receive the long-run output elasticities, or rate of change between the variables.  

The result of these estimates can indicate at which rate that, for example, renewable energy consumption 

increases/decreases by a 1% change in economic growth. The cointegration test and the elasticity 

estimations will not be included in this report, mostly due the limited scope of this report along with the 

aforementioned limited access to knowledgeable advice from my supervisor.  
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2 Theory and data 

In this section the applied theoretical framework of this report is presented. The first subsection describes 

the correlation coefficient and how it can be measured. The second subsection describes different models 

and the underlying theory of the Granger causality test. The panel data approach and its differences to 

time series data is explained in the last subsection. 

2.1 Correlation 

Correlation can be tested through different approaches, one of them is through the correlation coefficient 

which will be explained in more detail in the next section. Another approach of testing correlation is 

through scatterplots. A scatterplot between two variables is constructed by plotting the variables against 

each other in a graph. Every point in the graph will correspond to a specific value pair which includes 

one value for each variable, and the total scatterplot for all the value pairs reveals the strength and the 

nature of the correlation between the two variables. If the points are moving across the graph in an 

upwards fashion, the correlation is said to be positive between the variables. If the points are moving 

across the graph in a downward fashion, the correlation is said to be negative. (Molugaram & Rao 2017, 

ch.6). However, just because there exists correlation between two variables does not mean that changes 

in one variable causes change in the other. Ice-cream sales are strongly correlated with total number of 

drownings; however, this is a spurious correlation since ice-cream sales does not cause drownings, 

instead both of them is caused by a third variable which is summer heat. This lead to one of the most 

fundamental aspect of statistical studies, “Correlation does not imply causation”. 

 

The correlation coefficient is a way of investigating the nature of a relationship between variables and 

includes two dimensions, direction and magnitude (Furlong, Lovelace & Lovelace 2000). How well a 

variable X can predict changes in Y is often called the magnitude or strength of the correlation. This 

dimension is graded on a scale from (-1) to (+1), where (-1) as well as (+1) represents a perfect 

correlation while 0 indicates zero correlation. A perfect correlation is when every change in X 

corresponds to a uniform change in Y, and every value of X is connected to a unique value of Y. On the 

other hand, a zero correlation means that a value of X can lead to whichever value of variable Y.  

 

The direction of a correlation can either be positive, i.e. variables X and Y are moving in the same 

direction, or negative, i.e. variables X and Y are moving in opposite directions. It is important to know 

that the direction of a correlation depends entirely on the way the variables is being defined (Furlong, 

Lovelace & Lovelace 2000). 

 

A popular method for calculating the correlation coefficient is the Karl Pearson's method. This method 

is formulated through the formula 

 
𝑟 =  

𝛴𝑑𝑥𝑑𝑦

√𝛴𝑑𝑥2𝑑𝑦2

 
 

(1) 

 

 

where 𝑑𝑥 = 𝑥 − �̅�; 𝑑𝑦 = 𝑦 − �̅�; 𝑑𝑥2 = (𝑥 − �̅�) 2 ; 𝑑𝑦2 = (𝑦 − �̅�)2. The expressions �̅� and �̅� 

represent the mean values for the variables X and Y (Molugaram & Rao 2017, ch.6). 
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2.2 Time series 

Time series can be explained by observations appearing sequentially throughout a given time period, 

and the study of time series can be found in almost every research domain (Mills 2019). The popularity 

of time series is not surprising given the multiple, and impressive, features that it possesses. Some of 

which is the ability to model real time systems; make prediction about the future; and to investigate the 

relationship between variables that change over time. One way of investigating the relationship between 

variables is through the aforementioned correlation coefficient; however, to investigate the causality 

between variables some form of causality test needs to be applied. One of the most popular ways to test 

for causality is through the granger causality test (Granger 1969).  

 

The granger causality test examines two or more time series to see if past values in one time series 

causes changes in the other time series. If this is the case the series with the lagged values is said to 

“granger cause” the other time series. The granger causality test is performed on an autoregressive 

process (AR) that considers past values to estimate a suitable model. To build an autoregressive model 

for a single time series an AR(p) process is used, and when multiple time series is included a vector 

autoregressive model (VAR(p)) is suitable. The p represents the order or lag length of the model. A first 

order autoregressive process (AR(1)) can be describes as  

 

 𝑦𝑡  = 𝑐0 + 𝛷1𝑦𝑡−1 +  𝜀𝑡, (2) 

 

and a more general AR(p) process like 

 

 𝑦𝑡  = 𝑐0 + 𝛷1𝑦𝑡−1+. . . +𝛷𝑝𝑦𝑡−𝑝 + 𝜀𝑡, (3) 

or,  

 

𝑦𝑡  =  𝑐0 + ∑

𝑝

𝑖=1

𝛷𝑖𝑦𝑡−𝑖 +  𝜀𝑡. 

 
(4) 

 

Where c0 is a constant; εt is the error term; Φi is the coefficient (for all i = 1, 2,…,p); and 𝑦𝑖 the 

observations. When modeling time series data, the AR process is one of the simplest models that can be 

used; however, it can still be highly effective. A VAR model is a modified AR model with multiple 

variables where every variable is specified through an equation. Each equation is a combination of 

lagged values of itself and lagged values of every other included variable. A simple bivariate VAR 

model of order 1 can be written as,  

 

 

 𝑦1𝑡  = 𝑐1 +  𝛽11𝑦1𝑡−1 + 𝛼11𝑦2𝑡−1 + 𝜀1𝑡  (5) 

 

 𝑦2𝑡  =  𝑐2 + 𝛼21𝑦2𝑡−1 +  𝛽21𝑦1𝑡−1 + 𝜀2𝑡. (6) 

 

In this model y1t is represented by the past value of itself and the past value of the variable y2t, and the 

same interpretation can be applied to y2t. A more general bivariate VAR(p) model can be written as, 

 

 𝑦1𝑡  = 𝑐1 +  𝛽11𝑦1𝑡−1 + 𝛼11𝑦2𝑡−1 +. . . + 𝛽1𝑝𝑦1𝑡−𝑝 + 𝛼1𝑝𝑦2𝑡−𝑝 + 𝜀1𝑡 (7) 

 

 𝑦2𝑡  = 𝑐2 + 𝛼21𝑦2𝑡−1 +  𝛽21𝑦1𝑡−1 +. . . + 𝛼21𝑦2𝑡−𝑝 +  𝛽21𝑦1𝑡−𝑝 + 𝜀2𝑡 (8) 
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Of course, this is only a representation of a bivariate VAR model while multivariate VAR models is a 

possibility. In the multivariate case there will be as many yit as there are variables included. When 

performing the granger causality test to see if changes in one variable causes change in the other variable, 

a hypothesis test is performed. If granger causality from y2t to y1t want to be tested for Eq 5, a null 

hypothesis of no granger causality is tested. In this situation the null hypothesis (H0) will be equal to H0: 

α11= 0, and for Eq 7 the null hypothesis would be, H0: α11= α12 = … = α1p = 0. If the null hypothesis 

would be correct, then y2t could not be said to granger cause  y1t  (y2t →  y1t ), however, if there is at least 

one α1i for i=1,2,..,p that does not equal 0 and is significant, then y2t can be said to granger cause  y1t 

(Mills 2019; Lütkepohl 2005). 

 

Before being able to perform the granger causality test there are a couple of steps that are crucial to go 

through. First, all the variables included in the VAR model needs to be stationary, otherwise one runs 

the risk of getting spurious result which are not reliable. The second step is to select the number of lags 

that should be included in the model, which can be done through several different methods. These two 

steps will be explained further (Mills 2019; Lütkepohl 2005). 

 

To be able to classify a time series as stationary, the data needs to display (1) a constant mean, and (2) 

a constant variance. This means that if the time series have a sustained increase or decrease, then the 

time series is non-stationary, which also applies when a time series is exposed to a generally monotonic 

upward or downwards movement, in this case the time series is said to have a trend. If the mean is not 

constant and there is no clear trend in the data, then the data could be described as a “random walk” 

process. Non-stationarity is very common in many time series and the ability to make them stationary 

is essential, this can be done through suitable transformations.  

 

There are generally three ways in which a time series can be transformed to reach a more desirable state, 

these are (1) distributional, (2) stationarity induced and (3) decompositional transformation. 

Distributional transformations make the data more normally distributed and symmetrical, which is 

preferable since many statistical procedures performs more effectively this way. If a time series only 

takes nonnegative numbers, there is a high chance that the distribution of the data will be skewed. A 

simple and popular distributional transformation to solve this is to apply logarithms to the data, which 

will “straighten out” and stabilize the variance of the data. The second type of transformation is the 

stationarity induced transformation, which intends to transform a non-stationary time series into a 

stationary one. The most effective way of doing this is to simply take successive differences of the data 

series until it becomes stationary. Often it is enough to take the first difference of the time series i order 

to get stationarity; however, in some cases the second difference needs to be applied. The first difference 

simply transformers the series so that ∇x = xt - xt-1. 

 

The last of the three transformations is the decomposition transformation, this means that the data in the 

series is decomposed into different categories. This could be, for example, “data = fit + residual” or 

“data = smooth + rough”, where the data is decomposed in the underlying trend and the noise that often 

results in smaller data fluctuations. So, this transformation is often used when the long-run behavior of 

a time series is the most important aspect and not the short-run, temporal fluctuations. One of the most 

popular transformations for smoothening a time series is the moving average (MA) process, which 

simply replaces an observation xt with the average of past and future values of the same variable. A 

MA(3) process then replaces xt with the average of the current, prior and following data points which 

can be written as, MA(3) = ⅓ ( xt-1 + xt + xt+1 ), and the more datapoint included in the MA process, the 

smoother the time series will become. Another way of confirming that a time series is stationary is to 

examine the correlogram, this could be done if there is a reason to suspect that a time series is non-
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stationary. The correlogram measures the autocorrelation in a time series at different lags. 

Autocorrelation meant to which degree a current data point correlates to earlier values in the same time 

series. A good indication of a non-stationary time series is if the values are displaying a slow decrease 

as the number of included lags increases. This indicated that there is a trend in the time series, which 

makes the times series non-stationary (Mills 2019).  

 

When stationarity has been tested for all the variable included in the VAR model, the next step is to 

select the number of lags that should be included in the VAR model. This would be a rather complicated 

step, but thanks to modern computer software that can run multiple iterations at the same time, this step 

becomes much simpler. The approach of using software to select appropriate model settings is based on 

different kinds of selection criteria. The software estimates a model for every lag length up to a 

maximum limit specified by the user and then selects the best model based on a given selection criteria, 

which in turn is based on multiple goodness of fit conditions. There are multiple selection criterions that 

penalizes different aspects of the model properties, but the two most common ones are the Akaike’s 

information criterion (AIC) and the Schwarz criterion (BIC or SC). However, Schwarz is often 

preferable over Akaike since AIC tends to over-parameterize the model (Mills 2019; Lütkepohl 2005). 

2.3 Panel data 

Time series analysis is a powerful tool that have been used extensively in almost all research fields due 

to its multitude of possible applications. However, there are some issues that can emerge when using 

time series analysis, especially in the field of energy and econometric related research.  One of them is 

the limited availability of observations, which is a problem since many statistical measures perform 

poorly when they are based upon too few observations or datapoints. This problem is particularly 

prominent when analyzing renewable energy since the technology is relatively new, and many datasets 

contains as few as ~30 observations per country. This problem of limited number of observations is 

somewhat avoided using panel data or longitudinal data. While time series analysis has been widely 

used in past research, the use of panel data has become rather popular in more recent literature. Panel 

data is simply a combination of time series and cross-section analysis. Time series analysis investigates 

one unit, e.g. a country, over a specific time period while cross-sectional analysis studies multiple units 

at a specific point in time. The panel data combines these and investigates multiple units as they change 

over a specific time period, an example of panel data is illustrated in Table 1. In this example there are 

two cross-sections, i.e. Sweden and Norway; two time periods; and three variables. The panel data 

approach is superior to time series data since it can pool all the observations from all the different cross-

sections, so that the total number of available observations for the analysis increases significantly and 

the analysis becomes more reliable. The VAR model in a panel context is called a panel vector 

autoregressive model (PVAR) which can handle multiple countries or cross-sections instead of just one 

(Tugcu 2018; Hsiao 2007). 

 

Tabell 1. Example of panel data 

Unit Time RE NRE EG 

Sweden 2001 11,21316 237,9259 45 228 ,91 

Sweden 2002 12,59211 243,524 46 071 ,99 

Norway 2001 0,760679 170,1925 82 926 ,77 

Norway 2002 0,774218 167,6174 83 673 ,64 
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However, one must be careful when using panel data due to the phenomenon of cross-sectional 

dependence, which related to the relationship that multiple cross-sections can have to each other. Cross-

sectional dependence can emerge due to globalization and trade between countries as well as global 

shocks like the financial crises. Cross-sectional dependence might also occur if countries are connected 

through the same electricity grid or if policy implications in one country affect energy consumption in 

another country. It is important to test for cross-sectional dependence in the panel data since this can 

result in efficiency losses and unreliable test results. Some of the most popular test for cross-sectional 

dependence is the Breusch and Pagan (1980) LM; Pesaran (2004) scaled LM; Baltagi, Feng and Kao 

(2012) bias-corrected scaled LM; and Pesaran (2004) CD. All these tests have some specific properties 

but a common test throughout the literature is the Pesaran (2004) CD test since it performs well for both 

small cross-sections and time dimensions. The rest of the analysis need to account for the presence of 

cross-sectional dependence if the tests indicates that it exists in the data. The analysis is basically the 

same for panel data as for time series analysis, where stationarity needs to be tested and the optimal 

number of included lags needs to be specified, to perform the granger causality test (Tugcu 2018).  

 

Stationarity amongst the variable is tested through a variety of panel unit root test. These tests can be 

divided into two different generations of tests. The firsts generation of tests assumes cross-sectional 

independence while the second generation assumes cross-sectional dependence. The first generation of 

test can be further divided into those that assume that the cross-sections in the panel are homogeneous 

and those that assume heterogeneous cross-sections. A homogeneous panel indicated that the 

coefficients are the same for all cross sections while a heterogeneous panel assumes that every cross-

section have individual coefficients (Hurlin and Mignon 2007). Some of the available test for each 

category is displayed in Table 2. It is important to know that all the panel unit root tests except for Hadri 

(2000) test the null hypothesis of non-stationarity against the alternative hypothesis of stationarity. The 

Hadri (2000) reverse these and test the null hypothesis of stationarity against the alternative hypothesis 

of non-stationarity.  

 

Tabell 2. Panel unit root tests 

First generation Second generation 

Homogeneous panel Pesaran (2007) 

Levin et al. (LLC) Bei and Ng (2004) 

Breitung Chang (2002) 

Hadri (2000)  

Heterogeneous panel  

Im et al. (IPS)  

Choi (2001)  

Maddala and Wu (MW)  

 

Panel causality testing with panel data can be done through two different approaches, either the classical 

Granger causality test or the causality test developed by Dumitrescu and Hurling (2012). The classical 

Granger causality test simply stacks all the observations from each cross-section which creates a pooled 

dataset and then performs a standard Granger causality test. This approach assumes that the panel data 

is homogeneous. The other approach is the Dumitrescu and Hurling (2012), which is different from the 

classical Granger causality test since it assumes that the cross-sections in the panel is heterogeneous and 

not homogeneous. One advantage of the Dumitrescu-Hurling panel Granger causality test is that it takes 

into consideration cross sectional dependency in the panel data. This test is conducted by running 

standard Granger causality tests for each cross-section at a time and then taking the averages of the 
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statistics, this is then called the Wbar statistic. The panel test for granger causality through Dumitrescu 

and Hurling (2012) is based on the following autoregressive structure, 

 

 𝑦𝑖,𝑡 = 𝛼0,𝑖 + 𝛼1,𝑖 𝑦𝑖,𝑡−1+. . . +𝛼𝑘,𝑖  𝑦𝑖,𝑡−𝑘 + 𝛽1,𝑖  𝑥𝑖,𝑡−1+. . . +𝛽𝑘,𝑖  𝑥𝑖,𝑡−𝑘 + 𝜖𝑖,𝑡 (9) 

 

 𝑥𝑖,𝑡 = 𝛼0,𝑖 + 𝛼1,𝑖 𝑥𝑖,𝑡−1+. . . +𝛼𝑘,𝑖 𝑥𝑖,𝑡−𝑘 + 𝛽1,𝑖  𝑦𝑖,𝑡−1+. . . +𝛽𝑘,𝑖 𝑦𝑖,𝑡−𝑘 + 𝜖𝑖,𝑡 (10) 

 

where αk,i is the autoregressive parameter; βk,i represents the regression parameter; x and y are the 

observations of the stationary variables; t denotes the time dimension and i denotes the cross-section 

dimension; k is the lag order (Tugcu 2018). 

2.4 Data 

The data that will be used in this report comes from different sources but most of the data will be taken 

from the OECD database (OECD 2020), BP statistics (BP 2020) and the world bank. These different 

data sources have some specific characteristics that makes them valuable for the purposes of this report. 

The OECD database will mainly be used to receive data regarding renewable energy shares, which is 

measures in percentage shares of Total Primary Energy Supply. The time period for which this data is 

available varies between countries. However, for most countries there is available data from 1971 up to 

2017. In this case the renewable energy shares included basically all forms of renewable energy, which 

includes traditional biofuels. To receive data regarding specific energy sources, BP statistics will be 

used. They have data on energy sources like oil, coal, gas, hydro, solar, wind and other renewables, that 

can be acquired in either Million Tonnes of Oil Equivalent (Mtoe) or in total TWh. Their data is available 

from 1965 up until 2018; however, for most countries the availability of data as far back as 1965 is 

limited, especially for developing countries.  

 

The third main source for data will be the World Bank, or the World Development Indicators (WDI) to 

be more precise. From this source data regarding economic development will be gathered, mostly 

different forms of GDP per capita measures. The main indicator for economic development used 

throughout this report is real GDP per capita, which is represented by World Development Indicators 

(WDI) as GDP per capita (constant 2010 US$). The available time period for this data is sufficient for 

this report, at least for most countries. However, for GDP per capita data that is adjusted for Purchasing 

Power Parity (PPP), the available data period is often limited to 1990. 
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3 Methodology 

This section presents the methodology used to investigate the four research questions. Each subsection 

corresponds to a specific section in the analysis, except for section 3.1 Hydropower exclusion. Each 

section in the analysis includes some form of figure, so each subsection in the methodology includes an 

explanation of the method used to create that figure. Each subsection also presents the origin of the data 

used in each figure along with potential alteration made to it. The methodology is constructed and 

described to maximize the chances of replicating the study and its results. 

3.1 Hydropower exclusion 

The nature of hydropower was discussed rather extensively in section 1.2 and it is clearly the case that 

hydropower generation and potential is highly geographically dependent. Furthermore, the difference 

between developed and developing countries in terms of hydropower development is significant, with 

stagnation in developed regions and continuous increases in developing regions. These are two of the 

reasons why hydropower has been excluded from parts of the analysis in this report. The point of the 

EKC hypothesis is to find evidence that support the claim of higher levels of environmental awareness 

as countries experience increasing economic development. If environmental awareness is measures in 

the amount of renewable energy that is consumed, there are little reasons for including hydropower. 

This is because, historically, hydropower has been developed to facilitate societal growth and not due 

to increasing environmental responsibility. Of course, the reasons for developing hydropower is near 

impossible to state and it might be true that part of the reason for the ongoing expansions of hydropower 

in developing regions is due to exactly this. Nevertheless, due to the geographical dependency of 

hydropower, the globally uneven generation capacity and the ambiguous reasons as to why hydropower 

development occurs, this study will sometimes exclude hydropower from the analysis. The exclusion of 

hydropower is supported by other studies that have investigated the relationship between energy 

consumption and economic growth (Kahia, Aïssa & Lanouar 2017; Apergis & Payne 2010). 

3.2 The EKC consensus 

The EKC hypothesis has been studied extensively ever since the theory was formulated and the question 

is whether the literature on the EKC is in unison regarding its existence. A thorough investigation into 

the EKC hypothesis in term of the relationship between economic growth and energy consumption has 

been conducted to investigate whether the literature on the EKC has reached a consensus. A consensus 

is not a well-defined term and Marriam-Webster defines consensus as “general agreement” or “the 

judgment arrived at by most of those concerned” (Merriam-Webster 2020).  In this report a consensus 

is defined by more than 80% of the literature reaching the same conclusion. Only results regarding the 

Granger causality test will be gathered from the literature since the causality analysis in this report is 

performed through the Granger causality test. Therefore, all studies that does not incorporate a short-

run granger causality test are excluded. Also, the included studies will not be restricted though a specific 

time interval for the publishing data since the variability in time period could potentially reveal relevant 

trends that develops over time.  

 

The snowball method is mainly used to collect studies. Where one study refers to similar studies, which 

in turn refers to similar studies and so on. However, the process will be started all over again to minimize 

the risk of getting stuck to a specific strand in the literature and to avoid bias conclusions. There will be 

a slight prioritization towards panel studies since this study investigates just that. However, multiple 
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studies investigating singular countries is also included since these are still assessed to obtain valuable 

information of the subject. Some commonly used term to search for relevant literature are, for example, 

“relationship between economic growth and energy consumption”, “the economic growth-energy 

consumption nexus” and “the EKC hypothesis”. Most of the studies are found using Uppsala 

university’s online library or Google scholar.  

3.3 Current status of renewable energy 

First a quick overview of the current status regarding low-carbon energy are presented, both in term of 

renewable energy and clean energy shares, where clean energy includes nuclear power. The results are 

presented in Figure 4. All data regarding energy consumption were taken from BP statistics, this includes 

(1) renewable energy sources, i.e. wind, solar, hydro, and other renewables, (2) fossil fuel sources, i.e. 

coal, oil and gas consumption and (3) Nuclear energy consumption; and economic development was 

measured in real GDP per capita. The renewable energy shares for graph A was calculated by dividing 

all the combined renewables with the total energy consumption from all the energy sources listed above. 

The same method was used to produce graph B, C and D but with different combinations of renewables 

and inclusion/exclusion of nuclear energy. All the data corresponds to the 2017 values for each country. 

The included countries are divided into two groups, developed or developing countries and the 

classification of emerging and advanced economies comes from the International Monetary Fund (IMF). 

There are 41 developing and 34 developed countries included in the figure, indicated by the colors red 

and blue, respectively. The specific countries are listed in Appendix A and the software used to make 

the scatterplots was MATLAB R2019b. 

3.4 Renewable energy Kuznets curve 

To illustrate and investigate the renewable Kuznets curve, multiple figures are presented depicting 

groups of countries belonging to different income levels and their development in renewable energy 

shares, these are Figure 5, 6, 7 and 8. The data for the renewable energy shares was collected from the 

OECD database and the economic development was measured in real GDP per capita, all the data was 

collected during the time period from 1971 to 2017. The countries included in each figure is dependent 

on the country’s economic development in terms of their real GDP per capita and a list of the included 

countries in each figure can be seen in Appendix A. The figures were created with the software 

MATLAB R2019b, and an exponential trendline have been added to the data, except the bottom graph 

in figure 8 where it was superfluous. The exponential trendline is simply added to illustrate the overall 

trend in the data sample. 

3.5 Graphical GDP per capita turning point 

Individual energy consumption patterns have been studied for all the included countries to investigate 

the turning point in economic growth, shown in Figure 9. All energy related variable has been collected 

from BP statistics, and the economic development measure (real GDP per capita) has been collected 

from WDI. The renewable energy variable does not include hydropower consumption but does include 

wind, solar and other renewables. First, the turning point in a country's economic development where a 

significant increase in renewable energy can be seen have been approximated by simply looking at the 

point in which consumption starts to increase significantly for each country. This leads to significant 

error margins; however, the objective is to distinguish the general patterns between countries and not 

the exact point in which this increase occurs. Secondly, the total energy consumption has been studied 
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for each country to see if it increases or decreases during the period after the economic turning point has 

occurred. Each country gets a color that represents either (1) an increase of total energy consumption 

(red), (2) an increase followed by a decrease (blue), or (3) a decrease (green). An increase/decrease in 

total energy consumption is often correlated with an increase/decrease in fossil fuel consumption, so the 

color markings indicates a country's progress in energy system transformation. Figure 10 and 11 

represents the Pearson correlation coefficients between fossil fuel consumption and economic growth, 

and between energy consumption (solar, wind and other renewables) and economic growth, 

respectively. The correlation is measured during the time period from 1990 to 2017 and have been 

ranked from lowest to highest. The figures and calculation for the correlation coefficient is done with 

MATLAB R2019b and all the included countries is listed in Appendix A. 

3.6 Progress in small countries 

To illustrate the progress made by some developed countries Figure 12 have been constructed. There 

are 16 developed countries that have been included based on their positive energy system 

transformations. The carbon emission data and all the energy related variables were collected from BP 

statistics, and was measured in total tons and TWh, respectively. The renewable energy variable includes 

solar, wind and other renewables, and the fossil fuel variable includes oil, coal and gas. Economic 

growth was measured in real GDP and the time period for all the collected data was 1971 to 2017. Total 

energy consumption and economic growth variable have a 10-year rolling mean to distinguish general 

development pattern, while carbon emissions have a 5-year rolling mean. The length of the applied 

rolling mean for the variables is dependent on the appearance of the final graph for each variable. The 

difference between Figure 12 and Figure 13 is the presence of China in Figure 13, ceteris paribus.  

 

Figure 14 have been constructed to illustrate the energy transition development in the world top 

economies. The figure includes top 7 economies in the world measured after their total GDP after 

adjusting for Purchasing Power Parity, collected from WDI as GDP, PPP (constant 2011 international 

$), ceteris paribus. To measure the effect of outsourcing of carbon emissions, Figure 15 is displayed. 

The data regarding the shares of a countries carbon emissions that can be attributed to outsourcing is 

collected from Our World in Data (Hannah Ritchie & Max Roser 2020). The countries included in the 

figure are based on their positive progress in lowering their carbon emissions, which is mostly attributed 

to European countries. The shares have been multiplied with each countries carbon emission to get the 

total avoided carbon emissions in tons. This have then been added to each country total carbon emission 

to get the consumption-based carbon emissions, that illustrates their actual emissions after adjusting for 

CO2 embodied in trade. All the variables have been subjected to a five-year rolling mean and the data 

period ranges from 1990 to 2017. The software used to produce the figures is MATLAB R2019b and 

all the included countries for each figure is listed in Appendix A. 

3.7 Causality analysis 

The causality analysis will be performed in EViews which is a statistical software that offers a variety 

of modeling tools through an object-oriented interface. The objective of the causality analysis is to 

perform a granger causality test, but there are multiple steps that must be completed to reach this stage. 

These steps include (1) a cross-sectional dependence test, (2) a stationarity test, (3) optimal lag selection 

and finally (4) a granger causality test.  
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EViews offers the following cross-sectional dependence (CD) tests: Breusch-Pagan (1980) Lagrange 

multiplier (LM) test; Pesaran (2004) scaled LM test; Baltagi, Feng and Kao (2012) bias-corrected scaled 

LM test; Pesaran (2004) CD test. One of the most popular tests in the literature is the Pesaran (2004) 

CD test; however, there are studies that have performed all these tests to increase the robustness of the 

results. That is why all four tests will be performed in this study as well. If cross-sectional dependence 

is preset in the panel, a second-generation panel unit root test should be carried out. This might become 

an issue since EViews does not offer any second-generation panel unit root test. EViews only provides 

the following panel unit root tests: Levin, Lin and Cho (2002); Breitung (2000); Im, pesaran and Shin 

(2003); two Fisher-type tests - Maddala and Wu (1999) and Choi (2001); and lastly the Hadri (2000). 

All these tests will be performed for robustness, which is something that is common in the literature. If 

the cross-sections in the panel show dependency, more focus should be on the Fisher-type tests since 

there is some evidence of these test being more resilient toward the cross-sectional independence 

assumption among the first-generation panel unit root tests (Salim & Rafiq 2012). When selecting the 

number of lags to be included in the panel VAR model it is important to not choose the number of lags 

arbitrarily but though some sort of selection criterion. This is due to the causality test being highly 

dependent on the number of lags included in the model. Three different criterions will be used to select 

the appropriate number of lags, (1) the AIC, (2) the BIC/SC and (3) the likelihood ratio (LR) statistic. 

However, the optimal lag length will most probably be chosen dependent on the BIC/SC criterion. The 

reasons for this are twofold; first, the SC criterion prioritize simple models where the optimal lag 

selection is often 1 or 2, which is a common lag length for annual data; secondly, in almost all the 

literature on this subject, the SC lag selection criterion is used for determining the maximum number of 

lags. After all these tests have been performed, the causality between the variables will be tested with 

the causality test developed by Dumitrescu and Hurling (2012). 

 

These steps are performed for 2 panels, one with 17 developed countries and one with 18 developing 

countries. The countries have been included based on the availability of data, and the countries included 

in each panel is listed in Appendix A. The time period for the data is between 1980 and 2017 and the 

data is gathered on an annual basis. The data regarding the energy variables (renewable energy and fossil 

fuel energy) are collected from BP statistics while real GDP per capita is taken from WDI. The 

renewable energy variable will be tested with and without hydropower included to see if it makes a 

difference in the result. The fossil fuel variable includes oil, coal and gas consumption and both the 

renewable energy variable and the fossil fuel energy variable is measured in TWh.  
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4 Analysis 

The analysis section will be divided into smaller subsections starting with (1) an investigation into the 

validity of the EKC hypothesis using prior literature;  (2) an overview regarding the current status of 

renewable energy for emerging and advanced countries; (3) an examination of the shape of the RKC for 

different development stages; (4) an investigation of the approximate turning point in economic 

development where countries starts to increase their consumption of renewable energy significantly as 

well as the relationship to other relevant variables such as total energy consumption, fossil fuel 

consumption and carbon emissions; (5) an comparison between countries of different scales and their 

respective impact on global progress in energy transformation; and (6) a causality test between 

renewable energy consumption, fossil fuel consumption and economic development for two different 

panels. 

4.1 The EKC consensus 

This section introduces a wide range of studies from the literature that have been produced regarding 

the relationship between economic growth and environmental sustainability. This is be done by 

separating the section into three parts which includes (1) the energy consumption - economic growth 

nexus, (2) the decomposed energy consumption - economic growth nexus, (3) the energy – growth nexus 

for developed and developing countries; (4) the Environmental Kuznets Curve hypothesis; and (5) a 

conclusion. After each section a summation of the literature presented in the text will be included in a 

table for an easy overview. Each subsection will present all the literature that have reached the same 

hypothesis (feedback, growth, conservation, neutral) one by one, which means that a study can be 

mentioned multiple times in a subsection. Finally, all the presented causalities between variables are 

positive. 

4.1.1 Energy consumption - Economic growth nexus 

Among the studies that have investigated the energy consumption - economic growth nexus there are 

multiple studies that find evidence for the feedback hypothesis between the two variables. Antonakakis, 

Chatziantoniou & Filis (2017) is one of them were 106 countries of different income levels exhibited 

the feedback hypothesis between energy consumption and economic growth. The same result was found 

in Fuinhas & Marques (2012) for a panel including Portugal, Italy, Greece, Spain and Turkey between 

1965- 2009. Saqib (2018) also reached this conclusion for six Gulf Cooperation Council countries from 

1996 to 2017, as well as Ozturk, Aslan & Kalyoncu (2010) for a panel of middle-income countries 

between 1971-2005. Shahbaz et al. (2018) studied top 10 energy consuming countries and found that 

there is a positive relationship between economic growth and energy consumption for all the countries, 

supporting the feedback hypothesis. However, the strength of the relationship varied across countries 

and through different periods of economic growth and energy consumption stages.  

 

There is also some evidence for the growth hypothesis between energy consumption and economic 

growth, for example through the works of Pao & Tsai (2010) who studied a panel of BRIC countries 

between 1971-2005, where a unidirectional causality running from energy consumption to economic 

growth was found. Rahman et al. (2020) studied China between 1981 and 2016, both in term of energy 

consumption and production. They found unidirectional causality running from both coal consumption 

and production to economic growth, representing the growth hypothesis. This was also true for oil 

consumption and production. However, the inverse relation was found for gas consumption, where a 
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unidirectional causality was found running from economic growth to gas consumption, implying the 

conservation hypothesis for gas consumption.  

 

The conservation hypotheses were also found by Ouedraogo (2013) where unidirectional causality could 

be shown running from economic growth to energy consumption for fifteen African countries between 

1980 - 2008. This was also the case for a panel of low-income countries through a study conducted by 

Ozturk, Aslan & Kalyoncu (2010), where a unidirectional causality was found running from economic 

growth to energy consumption.  

 

All the aforementioned studies found some kind of causality between energy consumption and economic 

growth; however, some studies found no causality at all between the variables. Ahmed et al. (2019) 

studied Myanmar between 1990 and 2016 and found that energy consumption has an insignificant 

association to economic growth, implying the neutral hypothesis. Ozturk & Acaravci (2010) also found 

evidence for the neutral hypothesis for Turkey between 1968-2005, since there was no causal 

relationship to be found between the two variables during the study period. A summation of the literature 

is presented in Table 1. 

 

Tabell 3. A handful of studies related to the energy consumption - economic growth nexus. 

Authors; 

 Studied time period 

Sample Key findings  

(short run) 

Antonakakis, Chatziantoniou & 

Filis (2017); 1971–2011  

106 countries of different income levels EC ↔ EG 

Fuinhas & Marques (2012);  

1965–2009 

Panel (Portugal, Italy, Greece, Spain, 

Turkey) 
EC ↔ EG 

Saqib (2018); 

 1996–2017 

Six Gulf Cooperation Council countries EC ↔ EG 

Ozturk, Aslan & Kalyoncu 

(2010); 1971–2005 

Panel of middle-income countries EC ↔ EG 

Panel of low-income countries  EC ← EG 

Shahbaz et al. (2018);  

1960–2015  

Top 10 energy consuming countries EC ↔ EG 

Pao & Tsai (2010);  

1971–2005  

Panel of BRIC countries EC → EG 

Rahman et al. (2020);  

1981–2016 

China Coalp/Coalc: EC → EG 

Oilp/Oilc: EC → EG 

Gasc: EC ← EG 

Ouedraogo (2013); 

1980–2008 

Fifteen African countries EC ← EG 

Ahmed et al. (2019);  

1990–2016 

Myanmar EC ⇹ EG 

Ozturk & Acaravci (2010);  

1968–2005 

Turkey EC ⇹ EG 

note: Abbreviations: EG = economic growth; EC = Energy consumption; p=Production; c=Consumption.  
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4.1.2 Decomposed energy consumption - Economic growth nexus 

The energy consumption - economic growth nexus have been studied quite extensively for a couple of 

decades; however, more recent studies have decomposed energy consumption into renewable energy 

and non-renewable energy consumption to investigate how different energy sources individually impact 

economic growth. The literature can be broadly categorized into two separate strands, the first one 

focuses on a specific region or a panel of countries that share some common characteristic, e.g. 

geographical location, organization participation or energy related attributes, the other are those that 

focuses on a single country for a deeper and more thorough analysis. A handful of studies will be 

presented from both strands. 

Regarding the studies that have focused on some sort of panel analysis, the feedback hypothesis is 

common as an outcome.  Apergis and Payne (2010) studies 20 OECD countries between 1985-2005 and 

found a bidirectional causality between renewable energy consumption and economic growth, this was 

also found in Alege, Jolaade and Adu (2018) who studied a selection of Sub-Saharan countries, both of 

these therefore found evidence of the feedback hypothesis. Kahia, Aïssa & Lanouar (2017) studied 

eleven MENA net oil importing countries between 1980-2012 and found supporting evidence for the 

feedback hypothesis between renewable energy and economic growth as well as for non-renewable 

energy and economic growth.  

Other studies have found evidence for the growth hypothesis, like Gozgor, Lau and Lu (2018) who 

studied 29 OECD countries between 1990-2013, where unidirectional causality could be seen running 

from renewable energy to economic growth as well as from non-renewable energy to economic growth. 

Bhattacharya et al. (2016) analyzed the top 38 highest energy consuming countries between 1991-2012 

and found supporting evidence for the growth hypothesis, however, only for non-renewable energy and 

economic growth and not for renewable energy which exhibited the neutral hypothesis.  

The neutral hypothesis was also found in the aforementioned study by Antonakakis, Chatziantoniou & 

Filis (2017) where renewable energy did not have a significant bond to economic growth for the included 

106 countries, following the neutral hypothesis. There is also some evidence for the conservation 

hypothesis in the literature and the study by Omri, Ben Mabrouk and Sassi-Thar (2015) is a good 

example. In their total panel of 17 developing and developed countries they found unidirectional 

causality running from economic growth to renewable energy consumption, following the conservation 

hypothesis. The same conclusion is supported through the work of (Salim, Hassan & Shafiei 2014) who 

studied 29 OECD countries where unidirectional causality was found running from economic growth to 

renewable energy consumption.  

One interesting observation is that the results from three different studies regarding OECD countries 

have been presented, and they all reach conflicting conclusions. One found the feedback hypothesis for 

renewable energy and economic growth (Apergis and Payne 2010), another found the growth hypothesis 

(Gozgor, Lau and Lu 2018), and the third found evidence for the conservation hypothesis (Salim, Hassan 

& Shafiei 2014).  This illustrates the lack of consensus that exists in the current literature. 

As mentioned before, there have also been multiple studies that have kept a closer focus on singular 

countries. Some of the investigated countries are for example Pakistan (Shahbaz et al. 2015); China 

(Fang 2011;Dai et al. 2016;Tang et al. 2016;Lin & Moubarak  2014); Romania (Emir & Bekun 2019); 

Myanmar (Ahmed et al. 2019); the US (Bowden & Payne 2010;Menyah & Wolde-Rufael 2010); Turkey 
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(Dogan 2016); India (Tiwari 2011); and South Africa (Shakouri & Khoshnevis Yazdi 2017). However, 

this is only a small sample of all the studies that have focused on singular countries regarding this topic. 

Shakouri & Khoshnevis Yazdi (2017) found evidence of the feedback hypothesis between renewable 

energy consumption and economic growth for South Africa between 1971 and 2015. The feedback 

hypothesis was also found between renewable energy and economic growth for Belgium, Bulgaria, 

Canada, France, Pakistan and the USA in a study conducted by Omri, Ben Mabrouk and Sassi-Thar 

(2015). The same feedback hypothesis result was found for Turkey (Dogan 2016) as well as for a panel 

of provinces located at the central parts of China (Chen et al. 2019). However, in this case the feedback 

was between non-renewable energy, not renewable energy, and economic growth.  

For Romania a unidirectional causality running from renewable energy to economic growth could be 

observed, following the growth hypothesis (Emir & Bekun 2019). This was also true for Hungary, India, 

Japan, Netherlands and Sweden (Omri, Ben Mabrouk and Sassi-Thar 2015). The same result was found 

for the case of Myanmar, as well as a unidirectional causality running from non-renewable energy to 

economic growth, also implying the growth hypothesis (Ahmed et al. 2019).  

Other studies have found evidence of the conservation hypothesis between renewable energy 

consumption and economic growth, e.g. Menyah & Wolde-Rufael (2010) for the US and Omri, Ben 

Mabrouk and Sassi-Thar (2015) for Argentina, Spain and Switzerland. Dogan (2016) also found 

evidence of the conservation hypothesis for Turkey, however, in this case between non-renewable 

energy and economic growth. The same result was obtained for a panel of Western Chinese provinces 

in Chen et al. (2019).  

The neutral hypothesis between renewable energy and economic growth was found for the US by 

Bowden & Payne (2010) which contradict the results obtained by Menyah & Wolde-Rufael (2010), who 

also studied the US but found the conservation hypothesis. The same conclusion of the neutral 

hypothesis was also found for China through the work of Lin & Moubarak (2014), as well as for a panel 

of Eastern Chinese provinces (Chen et al. 2019), where no causal relationship could be established 

between economic growth, renewable energy or non-renewable energy consumption. Omri, Ben 

Mabrouk and Sassi-Thar (2015) also found the neutral hypothesis between renewable energy and 

economic growth for both Brazil and Finland. Yildirim, Saraç & Aslan (2012) did an interesting study 

regarding the US where the renewable energy variable was further decomposed into different kinds of 

renewable sources. They concluded that for geothermal, hydropower, biomass and biomass-wood-

derived energy consumption there were no causal relation to economic growth, indicating the neutral 

hypothesis. However, they did find unidirectional causality running from biomass-waste-driven energy 

consumption to economic growth, implying the growth hypothesis. 

 
Tabell 4. A handful of studies related to the decomposed energy consumption - economic growth nexus. 

Authors; studied time period Sample Key findings (short run) 

Panel studies   

Apergis and Payne (2010); 

1985–2005 

20 OECD countries REC ↔ EG 

Alege, Jolaade and Adu (2018); 

2001–2014 

40 Sub-Saharan countries  REC ↔ EG 

Kahia, Aïssa & Lanouar (2017); 

1980–2012 

eleven MENA net oil importing 

countries  

REC ↔ EG 

NREC ↔ EG 
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Gozgor, Lau and Lu (2018) 

1990–2013 

 29 OECD countries  REC → EG 

NREC → EG 

Bhattacharya et al. (2016) 

1991–2012 

top 38 highest energy consuming 

countries 

REC ⇹ EG 

NREC → EG 

Antonakakis, Chatziantoniou & Filis 

(2017); 1971–2011  

106 countries REC ⇹ EG 

Omri, Ben Mabrouk and Sassi-Thar 

(2015); no time period found 

panel of 17 developing and 

developed countries 

REC ← EG 

 

Belgium, Bulgaria, Canada, France 

Pakistan, USA 

REC ↔ EG 

Hungary, India, Japan, 

Netherlands, Sweden 

REC → EG 

 Argentina, Spain and Switzerland REC ← EG 

 Brazil and Finland REC ⇹ EG 

Salim, Hassan & Shafiei (2014); 

1980–2011 

 

29 OECD countries REC ← EG 

NREC ↔ EG 

Aneja et al. (2017); 1990–2012 BRICS countries REC ← EG 

Singular countries   

Shakouri & Khoshnevis Yazdi 

(2017); 1971–2015 

South Africa REC ↔ EG 

Dogan (2016); 

1961–2009 

Turkey NREC ↔ EG 

REC ← EG 

Chen et al. (2019); 

 1995–2012 

Central part of China NREC ↔ EG 

Western part of China NREC ← EG 

Eastern part of China REC ⇹ EG 

NREC ⇹ EG 

Emir & Bekun (2019);  

1990–2014 

Romania REC → EG 

Ahmed et al. (2019);  

1990–2016 

Myanmar REC → EG 

NREC → EG 

Menyah & Wolde-Rufael (2010); 

1960–2007 

The US REC ← EG 

Bowden & Payne (2010);  

1949–2006 

The US REC ⇹ EG 

Lin & Moubarak (2014); 

1977–2011 

China REC ⇹ EG 

Yildirim, Saraç & Aslan (2012); 

varying time spans 

US Biomass-waste → EG 

Geothermal ⇹ EG 

Hydropower ⇹ EG 

Biomass ⇹ EG 

Biomass-wood ⇹ EG 

note: Abbreviations: EG = economic growth; REC = Renewable Energy consumption; NREC = Non-

Renewable energy consumption.  



25 
 

4.1.3 Energy – Growth nexus for developed and developing countries 

This study investigates the causal relationship between economic growth and different energy variables 

for developed and developing countries. Therefore, in the following section a handful of studies that 

have investigated developing and developed countries will be presented, starting with studies regarding 

developing countries.  

Sadorsky (2009) investigated 18 emerging economies and found evidence for the feedback hypothesis 

between non-renewable energy consumption and economic growth as well as renewable energy 

consumption and economic growth. The feedback hypothesis between renewable energy and economic 

growth was also found by Ahmed & Shimada (2019) in their study of 19 emerging economies, as well 

as for a panel of developing countries in Amri (2017). Apergis & Payne (2011) also found evidence for 

the feedback hypothesis between non-renewable energy and economic growth, as well as renewable 

energy and economic growth for a panel of developing countries. Other studies who did not find 

evidence for the feedback hypothesis includes Ozcan & Ozturk (2019) who found no causality, the 

neutral hypothesis, between renewable energy and economic growth for a panel of 17 emerging 

economies. Rahman & Velayutham (2020) did a recent study regarding five South Asian countries and 

found unidirectional causality running from economic growth to renewable energy consumption, 

implying the conservation hypothesis.  

Some studies have found more mixed result between countries or different variables. Narayan & Doytch 

(2017) found that renewable energy was a driving force of economic growth in low and lower-middle-

income countries, suggesting the growth hypothesis. They also found the feedback hypothesis between 

non-renewable energy and economic growth for the same income groups. Azam et al. (2015) have also 

studied five Asian countries between 1980 to 2012. They found causality running from economic growth 

to energy consumption for Malaysia, implying the conservation hypothesis. However, for the other 

countries (Philippines, Indonesia, Thailand and Singapore) a causality could not be established, 

representing the neutrality hypothesis. Marinaş et al. (2018) studies 10 Central and Eastern European 

countries between 1990-2014 and found evidence for the feedback hypothesis between renewable 

energy and economic growth in Hungary, Lithuania and Slovenia; the growth hypothesis in Czech 

Republic, Estonia, Poland and Slovakia; the conservation hypothesis in Latvia and the neutral hypothesis 

in Bulgaria and Romania. The neutral hypothesis result for Romania is in contradiction to the 

aforementioned study by Emir & Bekun (2019) who found support for the growth hypothesis for 

Romania. 

An interesting conclusion was reached in a recent study by Chen, Pinar & Stengos (2020) where they 

found that the causal relationship between renewable energy consumption and economic growth is 

dynamic since it depends upon the amount of renewable energy a specific country is consuming. If 

developing countries consumes renewable energy at a level that is higher than the threshold value, the 

effect of more renewable energy on economic growth is positive. However, if they have not reached the 

threshold value, then renewable energy consumption has a negative effect on economic growth.  

The feedback hypothesis is rather common in studies regarding the relationship between energy 

consumption and economic growth for developed countries. Tugcu, Ozturk & Aslan (2012) is one of 

them, where the feedback hypothesis could be found between non-renewable energy and economic 

growth as well as renewable energy and economic growth for all G7 countries using a classical 

production function. This result is also found in the works of Bekun, Alola & Sarkodie (2019) who 

studied a panel of 16 European countries and Apergis & Payne (2011) through a panel of developed 
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countries. Other studies have found evidence for the feedback hypothesis between renewable energy 

and economic growth, e.g. Tiba et al. (2016) for a panel of high-income countries between 1990-2011 

and Amri (2017) for a panel of developing countries between 1990-2012. However, not all studies find 

the evidence for the feedback hypothesis, Ucan, Aricioglu & Yucel (2014) concluded that, while non-

renewable energy caused economic growth, the consumption of renewable energy had no effect on 

economic development, implying the neutral hypothesis for a panel of fifteen European Union 

Countries. These results are substantiated by Narayan & Doytch (2017) who found that non-renewable 

energy and economic growth exhibits a feedback relationship while the neutral hypothesis holds 

between renewable energy and economic growth for a panel of high-income countries. A summary of 

the literature for developing and developed countries is found in Table 2. 

 

Tabell 5. A handful of studies related to the energy consumption - economic growth nexus for developed and 

developing countries. 

Authors; studied time period Sample Key findings(short run) 

Developing countries   

Sadorsky (2009);  

1994–2003 

18 emerging economies NREC ↔ EG 

REC ↔ EG 

Ahmed & Shimada (2019);  

1994–2014 

19 emerging economies REC ↔ EG 

Amri (2017); 

1990–2012 

Panel of developing countries REC ↔ EG 

Apergis & Payne (2011);  

1990–2007 

 Panel of developing countries NREC ↔ EG 

REC ↔ EG 

Ozcan & Ozturk (2019);  

1990–2016 

17 emerging economies REC ⇹ EG 

Rahman & Velayutham (2020); 

1990–2014  

Five South Asian countries REC ← EG 

Narayan & Doytch (2017);  

1971–2011 

Low and lower middle-income 

countries 

REC → EG 

NREC ↔ EG 

Azam et al. (2015); 

1980–2012 

Malaysia EC ← EG 

Philippines, Indonesia, Thailand, 

Singapore 

EC ⇹ EG 

Marinaş et al. (2018); 

1990–2014 

Hungary, Lithuania and Slovenia REC ↔ EG 

Czech Republic, Estonia, Poland 

and Slovakia 

REC → EG 

Latvia REC ← EG 

Bulgaria and Romania REC ⇹ EG 

Developed countries   

Tugcu, Ozturk & Aslan (2012); 

1980–2009 

 G7 countries NREC ↔ EG 

REC ↔ EG 

Bekun, Alola & Sarkodie (2019); 

1996–2014  

16 European countries NREC ↔ EG 

REC ↔ EG 

Apergis, N. & Payne, J.E. (2011); 

1990–2011 

Panel of developed countries NREC ↔ EG 

REC ↔ EG 

Tiba et al. (2016);  Panel of high-income countries REC ↔ EG 
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1990–2011 

Amri (2017); 

1990–2012 

Panel of developed countries REC ↔ EG 

Ucan, Aricioglu & Yucel 

(2014);1990–2011 

Panel of fifteen European Union 

countries 

NREC → EG 

REC ⇹ EG 

Narayan & Doytch (2017):  

1971–2011 

Panel of high-income countries NREC ↔ EG 

REC ⇹ EG 

note: Abbreviations: EG = economic growth; REC = Renewable Energy consumption; NREC = Non-

Renewable energy consumption; EC = Energy consumption.  

4.1.4 The environmental Kuznets curve 

The literature on the Environmental Kuznets Curve for other variables is another area where there is no 

current consensus regarding the relationship between economic growth and environmental degradation. 

The literature has not reached a consensus regarding when the tipping point in economic development 

will occur nor the shape of the curve itself. 

Atasoy (2017) studied the EKC for 50 U.S states during the time period 1960- 2010. This was done by 

using two different types of estimations which actually came to diverging conclusions. The first 

estimation confirmed the EKC hypothesis in 30 of the 50 states, while for the second estimation only 10 

states could be confirmed to follow the EKC hypothesis. For the first estimation the turning point for 

the inverted U curve could be estimated to lie between $1292 and $48597, and for the second estimation 

the interval was $2457 and $14603. This study illustrates the fact that the output from EKC studies is 

highly dependent on the methodology that is applied, since the use of two separate methods for 

estimation can lead to very different conclusions, Ceteris paribus.  

Churchill et al. (2018) analyzed 20 OECD nations between 1870 and 2014. They investigated carbon 

dioxide emissions and economic development and found that the EKC hold for the panel as a whole, 

however, for individual countries the results are mixed. The EKC hypothesis was found to be true for 

nine of the nations where five of these exhibited the classical inverted U shape, three displaying a N-

shape relationship and one, an inverted N-shape. The turning point was found between $18955 and 

$89540 in income per capita.  

Sarkodie & Strezov (2018) have examined the EKC hypothesis for four countries, i.e. Australia, China, 

Ghana and the USA between 1971 to 2013 in terms of carbon dioxide emissions. The findings indicate 

that the inverted U curve of the EKC is present for Australia and China. A N-shape relationship was 

found for the USA, while for Ghana a linear relationship was found. They also conclude that there has 

been a paradigm shift in Australia and the USA where high-energy and carbon intensive industries have 

been substituted with a more service -and information-based industry. The awareness of ecological 

sustainability is also higher in these countries, resulting in declines in environmental degradation. China 

is on the road towards higher degrees of sustainability but so far, the country still acts as a haven for 

high energy and carbon intensive industries for more developed countries.  

 

Antonakakis, Chatziantoniou & Filis (2017) concluded, from their study of 106 countries, that if 

economic growth continues to increase, so will the amount of GHG emissions, which contradicts the 

inverted U shaped of the EKC hypothesis. This implies that policies goals aimed at increasing the 

consumption of renewable energy to increase economic growth could be misleading. They also mention 
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an ethical dilemma where a country could choose either economic growth and environmental 

degradation or environmental sustainability but coupled with low economic growth.  Ntanos et al. (2018) 

concluded that within 25 European countries there is a difference between countries with higher levels 

of GDP compared to countries with lower GDP. Countries with high GDP has a higher degree of RE 

consumption compared to those countries with lower GDP. This supports the EKC hypothesis where 

countries become more aware of the environment related issues at higher levels of economic 

development. 

4.1.5 Disunity in the literature 

The resulting distribution is found regarding the relationship between economic growth and (1) total 

energy consumption, (2) renewable energy consumption, and (3) fossil fuel consumption, for the studies 

included in Table 3, 4 and 5. 

 

1) Feedback – 29%; Growth – 18%; Conservation – 18%; Neutral – 35% 

2) Feedback – 40%; Growth – 23%; Conservation – 16%; Neutral – 21% 

3) Feedback – 61%; Growth – 22%; Conservation – 11%; Neutral – 6% 

 

It is obvious that a consensus is missing regarding the causal relationship between the variables, at least 

based on the studies mentioned in this report. The relationship between economic growth and fossil fuel 

consumption is the only one that exhibits some form of consensus around the feedback hypothesis. 

 

The result among the studies varies significantly, which is highlighted by the fact that different results 

have been derived from studies that have investigated the same country or region. This makes any result 

less trustworthy and the validity of the methodology approach used in these studies is questionable. The 

discrepancy in outcomes between studies is most probably due to differences in (1) studied time periods, 

(2) methodological approach, (3) included variables, (4) definition, and (5) included countries in the 

panel studies. These factors lead to an large number of possible configurations in which a study can be 

conducted, and therefore the variety in outcomes becomes more understandable. 

 

The missing consensus could be one indication of the novelty of this particular research field, and more 

studies need to be conducted to reach a more coherent understanding of the relationship between 

economic growth and energy consumption. Governments and policymakers that deals with these types 

of questions cannot base their decisions on the outcomes of these studies due to the inconsistencies. 

Renewables are often promoted based on increasing energy security and sustainability instead of 

increasing economic growth, and the lack of consensus found in this study might be the reason why.  

4.2 Current status of renewable energy 

The current status for renewable and clean energy shares is displayed in Figure 6, where the 2017 values 

for each country is represented. There is a total of four graphs where graph A and B includes hydropower 

while graph C and D does not, this is done to highlight some interesting characteristics of hydropower 

as an energy source. The main difference between figure A and B, that both includes hydropower, is 

that the developed countries (blue) have higher values when nuclear energy is included. This increase 

can also be seen in some developing countries (red) but not to the same extent, which indicates that this 

technology is prominent in mainly developed countries. When comparing renewable energy shares, with 

and without hydropower, corresponds to figure A and C respectively, the overall values are significantly 

smaller when hydropower is excluded. While there are multiple countries that have succeeded in 
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increasing their renewable energy shares over 30% with the inclusion of hydropower, there are no 

country that have reached the same level of renewable energy shares when hydropower is excluded. The 

differences of scale points to the dependence on hydropower to provide huge renewable energy shares.  

 

This difference is particularly prominent for developing countries where hydropower represents the 

majority share of their total renewable energy consumption, e.g. Brazil who drops from 36% to 7.3% or 

Ecuador from 28% to 0.7% when hydropower is excluded. The same effect can be seen in figure B and 

D; however, the difference in reduction between developed and developing countries when hydropower 

is excluded is more pronounced when nuclear power is included. While the renewable energy shares of 

most developed countries still decrease drastically when hydropower is excluded, for many developed 

countries the renewable energy shares are somewhat saved by their contributions of nuclear power. 

 

 This gives a quick overview of the current status of renewables and energy system transformations for 

different development stages. It seems reasonable to conclude that developed countries have managed 

to increase their low-carbon energy shares to a larger extent than that of developing countries. This 

indicated a shift from conventional carbon-intensive energy sources towards low-carbon energy 

systems, and a more sustainable energy system approach. These results also promote the EKC 

hypothesis since the countries that have managed to increase their low-carbon energy shares are also 

those that have reached higher degrees of economic development. Although, not all developed countries 

have succeeded in increasing their shares of low-carbon energy sources given higher degrees of 

economic development, this indicates that other variables are needed to fully understand the relationship 

between economic growth and low-carbon energy consumption. This also points to the fact that, even 

though a country experiences high economic growth and classifies as high income, economic 

development is not a sufficient condition to increase environmental awareness and accountability when 

measured through low-carbon energy shares. The EKC hypothesis is therefore not an ultimate 

explanation regarding the relationship between economic growth and renewable energy, since it does 

not apply to all countries. 

 

 
Figure 4.  2017 renewable (A,C) and clean energy (B,D) shares for developing and developed countries.  
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4.3 Renewable energy Kuznets curve 

Renewable energy shares have been plotted against economic growth for countries at different 

development stages to investigate the existence of the U-shape curve as suggested by the RKC. The 

results are displayed in Figure 5, 6, 7 and 8. The first section of the RKC is represented by Figure 5, 

where countries at low-income levels are displayed, the majority of these are countries in low-income 

Asia and Africa. The scatterplot illustrates a downwards trend, which originates at extremely high levels 

of renewable energy shares that later taper off as economic growth increases. The rate of reduction is 

somewhat varied between countries where some experience a rapid decrease of renewable energy shares 

throughout economic growth, while others exhibits a slower rate of reduction. The datapoints is moving 

in a downward trend, indicating a negative correlation between renewable energy shares and economic 

development for the included countries. The reduction of renewable energy shares that low-income 

countries experience as they start to intensify their economic development is in line with the RKC 

hypothesis, at least for the countries included in Figure 5. 

 
Figure 5. Decreasing renewable energy shares throughout economic development  

with exponential curve fit. 

 

As countries reaches higher levels of economic development the renewable energy share ceases to 

decrease and starts to stagnate, this is displayed in Figure 6. These countries have not yet reached 

substantial levels of economic development and are still classified as low-income countries. On the far-

left side of Figure 6 where the economic development of Figure 5 and 6 overlap, there is still a declining 

trend for renewable energy shares that later starts to slow down and stagnate. The result displayed in 

Figure 6 depicts the initial phase of the slowdown towards the turning point in the RKC hypothesis, as 

well as the transition phase towards a possible increase.  
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Figure 6. Stabilizing renewable energy shares throughout economic development  

with exponential curve fit. 

When countries reach even higher levels of economic development they are no longer classified as low-

income countries and are now seen as high-income countries or advanced economies, which includes 

mostly European countries. At this point their renewable energy shares starts to increase again, which is 

depicted in Figure 7. The datapoints is moving in an upward fashion, indicating a positive correlation 

between renewable energy shares and economic development for the included countries. The turning 

point in which renewable energy shares starts to increase seems to occur in the interval around 30 000 - 

45 000 $ GDP per capita, at least for the countries included in Figure 9. 

 
Figure 7. Increasing renewable energy shares throughout economic development  

with exponential curve fit. 

 

The countries that have been included in Figure 7, 8 and 9 follows the same characteristics as suggested 

by the RKC hypothesis, which strengthen the legitimacy of the hypothesis. While it might be true that 

many countries follow the theory suggested by the RKC, there are still a couple of countries that displays 

diverging tendencies. These are represented in Figure 10, where the top figure displays countries that 

started to increase their renewable energy shares despite relatively low economic development; and the 

bottom figure displays a handful of high-income countries that have stagnated in their progress toward 

higher shares of renewable energy. This provides evidence for the possibility of increasing 

environmental awareness despite having relatively low economic development and that postponing 

environmental effort to promote economic growth might be unnecessary. This also suggests that the 
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conclusion under the EKC hypothesis of increasing environmental efforts with higher degrees of 

economic growth is false, since there are high-income countries that experience continuous economic 

growth without further progress in environmental-friendly technologies. These countries are outliers in 

respect to the RKC hypothesis and weakens the legitimacy of the hypothesis, at least to some degree. 

 
Figure 8. Outliers in renewable energy shares throughout economic development  

with exponential curve fit. 

4.4 Graphical GDP per capita turning point 

The turning point in economic development where countries starts to increase their consumption of 

renewable energy is displayed in Figure 9. From the figure it is clear that all countries have increased 

their consumption of renewable energy to some degree, even at very low levels of economic 

development. This is also illustrated in Figure 11 where the correlation between renewable energy 

consumption and economic growth is shown for developed and developing countries from the 1990s. 

All countries have a positive correlation between the variables with some slight variations in magnitude, 

and there is a mixture of developed and developing countries throughout the entire figure. While i might 

be true that all countries have increased their consumption of renewables, it is important to remember 

that the significance of these increases are not specified and that the increase in renewable energy 

consumption in often more substantial in higher income countries. The reason why renewable energy 

consumption increases for all countries, independent of their economic development, is probably due to 

other variables, like time. As these renewable technologies gets cheaper, more mature, and economically 

more viable, even lower income countries can afford to make investments and increase their levels of 

consumption. Renewable energy consumption might also increase due to countries implementing more 

stringent environmental policies.  
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Figure 9. GDP per capita point in which significant increases in renewable energy consumption occurs. 

 

An increase in renewable energy consumption does not symbolize environmental awareness by itself, 

as it need to be compared to other relevant variables as well, e.g. fossil fuel and total energy 

consumption. As seen in Figure 9, most low-income countries continue to increase their total energy 

and fossil fuel consumption during the time period, given the red marker. The demand for higher energy 

consumption in these countries is huge and renewable energy sources is just one way of reaching this 

goal. Renewable energy consumption is simply layered on top of increasing fossil fuel consumption 

instead of actually replacing it, which is the ultimate goal of any energy transition. This is why the 

development in many low-income countries is seen as unsustainable despite their increased renewable 

energy consumption. The act of actually replacing fossil fuels with renewables is more prominent in 

higher income countries, which is illustrated by the number of blue and green markers possessed among 

these countries. This is also illustrated through Figure 10 that represents the correlations between fossil 

fuel consumption and economic development for developed and developing countries from the 1990s. 

The figure shows that all the countries that have a correlation under 0.7 are either high income or upper-

middle income countries, the majority of which have a negative correlation. In conclusion, all countries 

have managed to increase their renewable energy consumption at different points in their economic 

development. However, there is a difference between developing and developed countries in term of the 

circumstances in which this increase occurs. While it seems that most developing countries simply 

increase renewable energy consumption to increase overall energy consumption, there are many 

developed countries that have started to substitute fossil fuels for renewables; increasing their 

progression towards a sustainable energy system. In the countries characterized by increased 

consumption of renewables coupled with reductions in fossil fuel and total energy consumption, the 

majority seems to occur over ~35 000$ GDP per capita. The variations in economic turning point values 

between countries could be due to the dependency upon other factors such as time and national or 

international policy implications. 
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Figure 10. Correlation between fossil fuel consumption and economic development. 

 

 

 
Figure 11. Correlation between renewable energy consumption and economic development. 

4.5 Progress in small countries 

Up until now the results continuously shows that developed countries, mostly located in Europe, have 

seen some rather promising development in their energy transition from fossil fuel to renewable energy 

sources. This progress is displayed in Figure 12 where the mean values for 16 developed countries are 

shown. The consumption of renewable energy sources has increased while total energy consumption 

along with fossil fuel consumption and carbon emissions have gone down, at least at higher economic 

development levels. This is promising since it affirms the EKC hypothesis where countries 

environmental awareness increases as their economic development reaches a certain threshold. For the 

countries included in Figure 12 this point seems to be approximately located around ~35 000$ GDP per 

capita. 
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Figure 12. Energy system transformation in small economies between 1971-2017. 

 

However, the scale to which this transformation happens is crucial from a more global perspective. The 

countries that are included in Figure 12 are relatively small, both in term of their populations as well as their 

economy. This mean that their impact in term of achieving future environmental sustainability on a global scale 

is limited when comparing to some other economies, although not insignificant by any means. The immense 

impact that larger economies have on the world progress towards a sustainable energy system is represented in 

Figure 13, where China have been added to the mix of countries represented in figure 12. By simply adding 

China to the mix of countries the situation completely changes, and instead of stagnating and declining at 

around 35 000¤ GDP per capita, the levels of fossil fuel consumption; carbon emission; and total energy 

consumption are continuously increasing. Smaller economies have seen great progress in their transition toward 

a more sustainable energy system; however, this result emphasizes the importance of engaging larger 

economies in this process as well.  

 
Figure 13. Energy system transformation in small economies and China between 1971-2017. 

 

The progress made in small economies are unfortunately eclipsed by the behaviors of larger economies, which 

is evident by Figure 13. However, China represents only one of the largest economies in the world and when 

investigating the progress made among the world’s top economies, a more realistic picture can be established 

regarding the progress made towards a global energy transition. Figure 14 represents the top 7 economies in 

the world which corresponds to more than half (54%) of the world's GDP, after adjusted for purchasing power 

parity. The figure clearly indicates that, while renewable energy consumption is still increasing, so does total 

energy consumption, fossil fuel consumption and carbon emissions. This development is troubling since these 
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countries have tremendous impact on potentially achieving future environmental sustainability goals, and the 

positive progress in smaller developed countries can never make up for the development in these top 

economies. The EKC hypothesis have shown to be somewhat accurate regarding smaller developed economies 

and hopefully the same will be true for larger economies due to their tremendous global impact. The fear would 

be that the EKC hypothesis only holds for smaller economies while there exists some inherent trait for 

economies of larger scale which prevents these countries from becoming environmentally sustainable given 

increased economic development. 

 
Figure 14. Energy system transformation in top 7 economies. 

 

When studying Figure 12, 13 and 14, it is easy to praise developed countries for their progress in clean 

energy transition while at the same time blaming developing countries due to their inability to shift from 

fossil fuels to renewables to lower their carbon emissions. However, these two groups of countries are 

not separate and there exist some interesting interconnections between them that could lessen the blame 

directed towards developing countries. This connection is related to international trade where higher 

income countries are outsourcing much of their production to lower income countries and then later 

importing the produced goods for consumption. It takes energy to produce these goods that leads to 

carbon emissions, these carbon emissions are accounted for as part of the producing countries emissions 

even though the goods are exported and consumed in high-income countries. One often separates 

between two measurement of carbon emissions, production-based and consumption-based. As of now, 

carbon emission is measured based on production which neglects the carbon emissions embodied in 

international trade, this leads to higher emissions for developing countries that should be attributed to 

developed countries instead.  

 

The top graph of Figure 15 depicts the difference between production based and consumption-based 

emissions for 15 developing countries that have seen great progress in their carbon emission reductions. 

The most noticeable difference between the production-based emissions (green graph) and the 

consumption-based emissions (black graph) is the increase in total carbon emission that arise when 

carbon emissions embodied in trade are accounted for. However, these countries have still managed to 

make progress in reducing their carbon emissions ever since the year 2007/2008 due to the declining 

trend in the consumption-based emissions. While this might be true, there is still some worrisome 

development trend that cannot be overclocked. The most alarming one is the fact that the gap between 

production-based and consumption-based emission is increasing with time, which have been true for 

multiple years in a row. This could indicate that these countries are shifting more of their energy intensive 

industries overseas, maybe in an attempt to comply with more stringent environmental regulations or in 
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search of low-cost labour. Hopefully this trend will diminish and reverse in the future since it would be 

more climate effective to produce goods in countries that have greater access to less carbon-intensive 

production capabilities. These trends also weaken the trustworthiness of the EKC hypothesis since it 

does not make a difference if developed countries reduced their environmental impact by simply shifting 

all their dirty activities to other geographical locations where it might be more accepted. If these trends 

are not accounted for, it is easy to conclude that the EKC hypothesis is true regarding demarcated 

locations, but the EKC hypothesis only implies valid strategies for environmental sustainability if it holds 

true on a global scale. 

 

 
Figure 15. CO2 emissions adjusted for embodiment in trade. 

4.6 Causality analysis 

The causality analysis has been performed on two sets of panels, one with 17 developed countries and 

one with 18 developing countries. The countries have been included based on geographical spread as 

well as data availability. The causality analysis has been tested with and without hydropower included 

in the renewable energy variable, which have been denoted RE (renewable energy) and RENH 

(renewable energy-no hydro), respectively.  

4.6.1 Developed economies 

Table 6 illustrates the cross-sectional dependence test, and the result indicated strong evidence for cross-

sectional dependency between the cross-sections, this is true for all the applied cross-sectional 

dependency tests. This implies that these countries are correlated with each other through the impact of 

common shocks like the oil crises in the 1970s or the financial crisis in 2007. However, this could also 

be due to local spillover effect between countries or the increase in international trade. Due to positive 

cross-sectional dependence between the countries, more emphasis should be focused on the panel unit 

root test developed by Maddala and Wu (1999) since this test shows the most robust results when 

violating the assumption of independence. 
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Tabell 6. Cross-sectional dependence test for developed panel. 

Test GDP RE RENH FOSSIL 

Breusch-Pagan LM 4675.52 3124.84 4540.54 2160.39 

Pesaran scaled LM 275.25 181.17 267.07 122.75 

Bias-corrected scaled LM 275.02 180.94 266.84 122.52 

Pesaran CD 68.31 54.82 67.23 24.08 

Note: Probability is 0.00 for every variable and test. 

 

The result of the panel unit root test is displayed in Table 7. The result indicated that all variables are 

stationary when a stationarity induced first difference transformation is applied. The renewable energy 

variables exhibit some special characteristics since some of the panel unit root tests indicate that these 

variables (LRE and LRENH) are stationary at levels when only a log-transformation is applied. All 

variables have been tested with various panel unit root tests that includes both individual intercept and 

trend in the test specifications. However, the renewable energy variables, LRE and LRENH, have been 

tested with panel unit root tests including only an individual intercept to receive some additional 

information on its stationarity. The result points to non-stationarity at levels when only individual 

intercept is included, especially for the Fisher-based test where the majority point to non-stationarity. 

The evidence for non-stationarity at levels for these variables is further substantiated by the appearance 

of the correlogram that displays a slow decrease, indicating non-stationarity. The correlogram is found 

in Appendix B, and the overall conclusion of the panel unit root test is that all the variables is non-

stationary at levels and stationary when subjected to stationarity induced first difference transformation. 

 

Tabell 7. Panel unit root test for developed panel. 

Variable LLC Breitung IPS Fisher ADF Fisher PP Hadri 

LGDP -0.99(0.16) 0.10(0.54) 1.03(0.85) 24.94(0.87) 10.46(1.00) 15.01(0.00) 

△LGDP -10.90(0.00) -9.36(0.00) -9.56(0.00) 146.86(0.00) 170.25(0.00) 0.94(0.17) 

LRE 
Only intercept 

-5.17(0.00) 
0.82(0,794) 

2.26(0.99) -4.78(0.00) 
3.29(0.99) 

106.12(0.00) 
39.53(0.24) 

98.72(0.00) 
41.26(0.18) 

14.49(0.00) 

△LRE 
Only intercept 

-21.97(0.00) 

-22.02(0.00) 

-17.27(0.00) 

 

-25.51(0.00) 

-24.81(0.00) 

502.99(0.00) 

449.91(0.00) 

1920.6(0.00) 

474.51(0.00) 

5.01(0.00) 

LRENH 

Only intercept 

0.30(0.62) 

1.72(0.96) 

3.12(0.99) 

 

-1.17(0.12) 

4.81(1.00) 

60.82(0.003) 

36.82(0.34) 

75.34(0.00) 

74.75(0.00) 

15.10(0.00) 

△LRENH 

Only intercept 

-2.09(0.01) 

-6.29(0.00) 

-4.42(0.00) 

 

-12.41(0.00) 

-13.78(0.00) 

210.62(0.00) 

248.07(0.00) 

533.86(0.00) 

322.64(0.00) 

3.96(0.00) 

LFOSSIL 3.43(0.99) 3.95(1.00) 4.68(1.00) 21.94(0.95) 26.18(0.83) 10.85(0.00) 

△LFOSSIL -15.09(0.00) -8.07(0.00) -18.95(0.00) 320.11(0.00) 658.29(0.00) 2.05(0.02) 

Note: △=first difference operator; Panel unit root test include intercept and trend except for renewable energy 

variables that also is tested under only intercept assumption. Probability in (). 

 

Table 8 displays the results from the optimal lag selection based on three selection criterions. The lag 

selection will be in accordance with the Schwarz criterion which indicated a optimal lag selection of 

one. This is mostly due to the fact that the Schwarz criterion favors simple models and that many other 

studies have chosen to follow this criterion. A lag selection of 1 or 2 is also common when having annual 

data.  
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Tabell 8. Optimal lag selection for developed panel. 

 

Lag selection 

criterion 

Number of lags 

1 2 3 4 5 

LR 153.30 25.80 44.32* 10.83 7.01 

AIC -9.26 -9.27 -9.32* -9.31 -9.29 

SC (BIC) -9.16* -9.11 -9.08 -9.00 -8.91 

Note: * denotes the optimal lag selection for each selection criterion 

 

The result of the panel causality analysis is presented in Table 9. The results points to unidirectional 

causality running from economic growth to fossil fuel consumption as well as from economic growth to 

renewable energy consumption, implying the growth hypothesis. There also seems to be unidirectional 

causality running from renewable energy consumption to fossil fuel consumption. This causality is 

somewhat hard to find a reasonable explanation for but could be due to inefficiencies in production and 

transportation related to renewable energy technologies or increasing fossil-based backup capacity for 

increasing levels of VRE. One interesting finding is that the causal relationship running from economic 

growth to renewable energy consumption disappears when hydropower is excluded. This indicated that 

efforts in increasing renewable energy through economic growth might only benefit hydropower 

development. When hydropower in excluded the relationship between economic growth and renewable 

energy follows the neutral hypothesis. 

 

Tabell 9.Panel causality test for developed panel. 

Null Hypothesis Zbar-statistic Prob. 

FOSSIL does not homogeneously cause GDP -0.57 0.57 

GDP does not homogeneously cause FOSSIL 6.01*** 2.E-09 

RE does not homogeneously cause GDP 0.90 0.37 

GDP does not homogeneously cause RE 2.25** 0,0247 

RE does not homogeneously cause FOSSIL 3.28*** 0.00 

FOSSIL does not homogeneously cause RE 0.07 0.94 

RENH does not homogeneously cause GDP 0.88 0.38 

GDP does not homogeneously cause RENH -0.40 0.69 

RENH does not homogeneously cause FOSSIL 2.19** 0,028 

FOSSIL does not homogeneously cause RENH 0.29 0.77 

* Denotes rejection of null hypothesis at 10% significance level 

** Denotes rejection of null hypothesis at 5% significance level 

***Denotes rejection of null hypothesis at 1% significance level 

4.6.2 Developing economies 

The result of the cross-sectional dependency tests for the developing countries are displayed in Table 

10 and the results are similar to the one of for the developed countries. All the tests suggest the presence 

of cross-sectional dependence among the countries and the reasons are the same as those for developed 

countries; mainly the effect of common shocks, international trade and local spillover effects. This also 

implies that focus should be centered around the Fisher-based panel unit root tests. 
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Tabell 10. Cross-sectional dependence test for developing panel. 

Test GDP RE RENH FOSSIL 

Breusch-Pagan LM 4925.53 3951.05 4333.78 5291.79 

Pesaran scaled LM 272.83 217.12 238.99 293.76 

Bias-corrected scaled LM 272.58 216.88 238.76 293.52 

Pesaran CD 70.08 52.93 54.40 72.69 

Note: Probability is 0.00 for every variable and test. 

 

The panel unit root test is also fairly similar to that for the developed countries, and the results are 

displayed in Table 11. All the variables are non-stationary at levels and becomes stationary when 

stationarity induced first difference transformations are applied, except for the renewable energy 

variables that reveals some abnormalities. The LRE variable seems to be stationary at levels when both 

intercept and trend is included in the test specifications, except for the Hadri test. However, the variable 

is still classified as non-stationary at levels since almost all the test signifies non-stationarity when only 

intercept is included in the test specification. Also, the correlogram of the variable indicates non-

stationarity at levels due to its slow decrease, the correlogram is found in Appendix B. The LRENH 

variables displays mixed results regarding its stationarity at levels. Most of the test indicates stationarity 

at levels while the correlogram displays a slow decrease (see Appendix B), indicating non-stationarity. 

The overall conclusion is that this variable should be transformed through stationarity induced first 

differencing since it is unclear if the variable is stationary at level. 

 

Tabell 11. Panel unit root test for developing panel. 

Variable LLC Breitung IPS Fisher ADF Fisher PP Hadri 

LGDP -0.19(0.42) 4.45(1.00) 0.37(0.64) 38.9(0.34) 28.38(0.81) 15.46(0.00) 

△LGDP -12.60(0.00) -6.87(0.00) -13.48(0.00) 234.31(0.00) 447.90(0.00) 3.29(0.00) 

LRE 

Only intercept 

-3.87(0.00) 

-1.36(0.09) 

-1.89(0.03) -4.30(0.00) 

1.12(0.87) 

87.84(0.00) 

42.96(0.20) 

89.70(0.00) 

47.24(0.10) 

15.25(0.00 

△LRE 

Only intercept 

-21.51(0.00) 

-23.23(0.00) 

-12.56(0.00) 

 

-21.68(0.00) 

-23.30(0.00) 

396.95(0.00) 

438.11(0.00) 

1392.2(0.00) 

441.71(0.00) 

-0.44(0.67) 

LRENH 

Only intercept 

-8.72(0.00) 

-2.68(0.004) 

1.62(0.95) 

 

-4.45(0.00) 

0.25(0.60) 

53.92(0.03) 

64.88(0.002) 

63.93(0.003) 

76.02(0.00) 

12.68(0.00) 

△LRENH 

Only intercept 

-58.47(0.00) 

-83.54(0.00) 

-5.96(0.00) -25.79(0.00) 

-32.42(0.00) 

325.44(0.00) 

342.90(0.00) 

368.69(0.00) 

372.96(0.00) 

2.91(0.002) 

LFOSSIL 1.45(0.93) 1.93(0.97) 2.32(0.99) 26.82(0.86) 25.40(0.91) 15.86(0.00) 

△LFOSSIL -15.04(0.00) -8.81(0.00) -16.15(0.00) 274.51(0.00) 365.98(0.00) 2.71(0.003) 

Note: △=first difference operator; Panel unit root test include intercept and trend except for renewable energy 

variables that also is tested under only intercept assumption. Probability in (). 

 

The result from the optimal lag selection criterions are identical to those for the developed panel, two of 

the selection criterions point to the inclusion of 3 lags while one point to the inclusion of 1 lag. Just as 

in the previous case the Schwarz criterion will be adopted due to the aforementioned reasons. 
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Tabell 12. Optimal lag selection for developing panel. 

 

Lag selection 

criterion 

Number of lags 

1 2 3 4 5 

LR 172.63 22.45 24.87* 11.01 11.57 

AIC -7.80 -8.00 -8.02* -8.00 -7.99 

SC (BIC) -7.90* -7.84 -7.79 -7.71 -7.63 

Note: * denotes the optimal lag selection for each selection criterion 

 

The results from the causality analysis is shown in Table 13 and indicates a significant causal 

relationship running from economic growth to fossil fuel consumption, implying the growth hypothesis. 

However, no causal relationship could be established between economic growth and renewable energy 

consumption which implies the adherence to the neutral hypothesis. There is also no causal relationship 

between renewable energy consumption and fossil fuel consumption in this case and this result does not 

change when hydropower is excluded from the renewable energy variable. Since economic growth 

seems to only cause fossil fuel consumption and not renewable energy consumption, it could be the case 

that current policies in these countries are inefficient and that policy makers have to figure out ways to 

channel economic growth into renewable energy systems for a more sustainable development.  

 

Tabell 13. Panel causality test for developing countries for developing panel. 

Null Hypothesis Zbar-statistic Prob. 

FOSSIL does not homogeneously cause GDP 0.29 0.78 

GDP does not homogeneously cause FOSSIL 2.15** 0.03 

RE does not homogeneously cause GDP -1.16 0.25 

GDP does not homogeneously cause RE 1.16 0.25 

RE does not homogeneously cause FOSSIL 0.51 0.61 

FOSSIL does not homogeneously cause RE -1.20 0.23 

RENH does not homogeneously cause GDP -1.10 0.27 

GDP does not homogeneously cause RENH -0.64 0.52 

RENH does not homogeneously cause FOSSIL -0.35 0.73 

FOSSIL does not homogeneously cause RENH -0.19 0.85 

* Denotes rejection of null hypothesis at 10% significance level 

**Denotes rejection of null hypothesis at 5% significance level 

*** Denotes rejection of null hypothesis at 1% significance level 
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5 Discussion 

This section is divided into three smaller subsections where section one and two will include an 

exposition regarding the progress made in developing and developed countries, and the underlying 

mechanisms that drive the perceived changes. The last subsection will discuss the results of the causality 

analysis and compare them to prior research.  

5.1 Developing countries 

The theory of the RKC suggests that the development of renewable energy shares follows a regular U-

shape, where the shares first decrease in the initial phase of economic development to later stagnate and 

increase as a certain level of economic growth is achieved. This relationship between economic growth 

and renewable energy shares for countries at different development stages can be seen in Figure 5, 6 

and 7. The combination of the three figures illustrates that the general shape of the RKC is confirmed 

for most countries; however, there are some outliers. Figure 5 and 6 depict the development of renewable 

energy shares for developing countries and includes some interesting aspects. Countries with the lowest 

economic development is displayed in Figure 5, and in these countries a rather rapid decrease of 

renewable energy shares can be seen. Some of these countries starts from extremely high renewable 

energy shares, that are far higher than most developed countries, that later starts to decline. This might 

seem strange at first since high renewable energy shares is something that is commonly sought after, 

especially from an environmental sustainability perspective. This phenomenon can be explained by the 

difference between renewable energy in the form of traditional bioenergy like wood-fuels, and modern 

renewables like solar and wind. Many developing countries, especially in the lower ends of the spectrum, 

are still heavily dependent on traditional biofuels, which is why some of them exhibits these extreme 

renewable energy shares (Masera et al. 2015). 

 

The dependence on traditional bioenergy is significant in a global perspective since approximately 40% 

of the world population still relies upon these types of energy sources and around 9% of global energy 

use can be attributed to tradition bioenergy use (Masera et al. 2015). Bioenergy, both traditional and 

modern, is also the largest renewable energy source globally, and in 2017 bioenergy accounted for 70% 

of total renewable energy supply (WBA 2019). However, most of the bioenergy supply comes from 

traditional bioenergy, particularly in the form of wood-fuels, which is used for cooking and heating in 

many rural and peri-urban regions throughout South Asia and Africa (Lago et al. 2018; WBA 2019). 

While traditional bioenergy like fuel-wood, charcoal, animal dung and agricultural residues constitutes 

the majority share of the total supply of bioenergy, the ongoing increased consumption of modern 

bioenergy solutions like wood pellets, biogas and liquid biofuels are foreseen to increase and replace 

traditional bioenergy in the future (WBA 2019). The reliance upon traditional bioenergy in these regions 

result in some unsettling consequences, especially related to the use of traditional bioenergy in cooking. 

Around one-third of the global population depends on traditional bioenergy for cooking, which 

constitutes a problem since this leads to high levels of indoor air pollution, and the resulting smoke 

emanating from these sources contains multiple harmful pollutants (Sagar & Kartha 2007). These 

pollutants can cause a variety of different diseases including respiratory infections, lung cancer, 

tuberculosis, etc. and annual excess mortality rates have been estimates to as high as 1.6 million due to 

indoor pollution. It is therefore highly important for these regions to transition away from traditional 

bioenergy toward other, less harmful, alternatives. These alternatives could be cleaner and more efficient 

bioenergy technologies, increasing the access to electricity or increasing the use of liquified petroleum 

gas (LPG).  
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The strong dependence upon traditional bioenergy is mainly due to the lack of access to alternative 

energy sources coupled with the fact that traditional bioenergy is readily available and affordable in 

these regions. The reliance upon traditional bioenergy is illustrated in figure 5 and the declining 

renewable energy shares is partly due to decreases in traditional bioenergy use as well as increases in 

energy from fossil fuels (World bank, “Fossil fuel energy consumption”). Although fossil fuels are often 

seen as an inferior energy source compared to renewables, it might be a necessary evil to achieve the 

goal of increasing the access of modern energy services in these regions, which have shown to have 

profound positive impacts on poverty reduction and socio-economic development (Sokona., Mulugetta 

& Gujba 2012). Hopefully, increased fossil fuel use can be combined with renewable energy sources 

like solar to achieve higher levels of modern energy access, but a transition away from traditional 

bioenergy can probably not be achieved without at least some fossil fuel use. This is partly due to the 

availability of fossil fuels and the rather quick and significant efficiency improvements that fossil fuel 

technologies can bring in relation to currently used traditional equipment. With the help of fossil fuel 

technologies, these households could save both time and money, along with reducing their likelihood of 

suffering from adverse health effects due to air pollutants. The transition from old to new technology is 

often not immediate and households in these areas often use a mixture of old and new technologies 

dependent upon the task at hand, a phenomenon which is called stacking (Masera et al. 2015; Sokona, 

Mulugetta & Gujba 2012).  

 

Of course, the increase in fossil fuel use in many developing countries will lead to increased 

environmental damage in the form of harmful emissions, which does not comply with UNEP definition 

of Green Growth since it increases environmental risks and ecological scarcities. Although, it will 

probably grow income and improve human-wellbeing in the region, which is in line with the definition 

of Green Growth. If fossil fuels would be replaced with renewables the full definition of Green Growth 

provided by UNEP, could possibly be fulfilled. However, renewables often have higher up-front costs 

than fossil fuels along with more fluctuations in availability, which could lower energy security in these 

regions. The general need to understand energy related issue from a broader perspective is crucial to 

escape oversimplifications, e.g. renewables is always good and fossil fuels is always bad. A great 

example of this is the energy trilemma, which describes the interconnectivity between environmental 

sustainability, economic competitiveness and energy security (Ang, Choong & Ng 2015). The energy 

trilemma describes the balance and trade-offs among these three competing energy goals, and often it is 

impossible to foster all three of these at the same time. For example, a country might promote coal due 

to its reduced cost (economic competitiveness) but this will also lead to harmful carbon emissions 

(environmental sustainability). Likewise, a country might promote renewable energy technologies 

(environmental sustainability) but this will also lead to increased fluctuation in availability (energy 

security). When a country is formulating their energy strategy it is usually based on one of these three 

aspects depending on which one that is the most important, and for many developing countries this is 

probably going to be economic competitiveness instead of environmental sustainability, which is not 

shocking. 

 

Renewable energy might play an increasingly important role in increasing modern energy access in the 

future, especially due to the progress of distributed renewable energy (DRE) (Mandelli et al. 2016; REN 

2019, p. 133). Right now, there are close to 150 million people in Africa and Asia who gets their energy 

from DRE in the form of solar systems and these numbers are probably going to increase. This is mainly 

due to the immense potential for solar in these regions and the reduced upfront costs that DRE systems 

entail, which is an issue with current renewable energy technologies (REN 2019, p. 133). Some studies 

have investigated the possibility for developed countries to bypass the dirty stages of industrial growth 
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by simply leapfrogging strait to modern energy technologies like renewables (Perkins 2003; Arthur 

2015). This would mean that, at least to some degree, building smaller micro-grids can replace the 

historical use of large centralized systems by using DRE. However, the leapfrogging approach has been 

met with skepticism since there is little evidence of this phenomenon actually happening in practice and 

the challenges related to leapfrogging might be more profound than previously thought, which suggests 

that the Green growth theory might be overly optimistic (Perkins 2003; Zerriddi & Wilson 2010). 

 

Countries at the lowest income levels that have just started their economic development are currently in 

a rather complex situation, that require a broader and more holistic perspective. Steckel et al. (2013) 

investigated and discussed energy consumption and economic growth in developed countries in term of 

feasibility and overall impact regarding an energy transition toward decarbonization. The authors write 

that “Globally, human-kind is faced by the twin challenges of mitigating climate change and overcoming 

poverty. Despite the urgency of solving the climate problem, mitigation policy should not trap 

developing countries in a state of poverty”. This is one of the reasons why environmental policies cannot 

be applied uniformly, since they must consider each country's individual circumstances. In some 

instances, there are more pressing issues like poverty, hunger and sickness that have to be dealt with 

before environmental concerns can arise. The authors conclude that they are pessimistic of the notion 

that low-income countries can develop without increasing their energy consumption. This is due to the 

embedded energy need in the construction of infrastructure when countries develop beyond the 

satisfaction of basic needs. Energy use is tied to infrastructure construction through energy-intensive 

inputs like steel and cement, which unfortunately are processes that require large amount of energy. 

Renewable energy cannot reach the satisfactory energy levels needed for these processes which often 

falls to fossil fuels instead.  

 

The EKC hypothesis postulates that environmental degradation increases as countries initialize their 

economic development. This not only seems to be true due to the results in this report but also necessary 

to escape more pressing challenges like poverty, hunger and air pollution related illnesses. This means 

that environmental degradation in the beginning phases of development have to be accepted to some 

degree, and that putting limitation on these countries to serve environmental sustainability in the long 

run might even be considered cruel and inhumane.  

5.2 Developed countries 

In this section two important topics related to the progress made by many developed countries will be 

discussed, (1) the problem related to the economic scale in which the EKC hypothesis actually manifest 

and (2) the actual progress made by developed countries when including measurements that are not 

reported by official statistics. 

5.2.1 The environmental impact of large economies 

In stark contrast to the declining renewable energy shares which can be seen for countries occupying 

the lower ends of the economic development spectrum, many developed countries have been able to 

make significant progress in increasing their shares of renewable energy. This is demonstrated numerous 

times throughout this report, e.g. figure 4, 7, 9 and 12. Although this development is significant and 

could inspire other countries to enact more stringent environmental targets and policies, the fact remains 

that environmental progress is mainly concentrated to smaller countries with limited impact from a 

global perspective. This is somewhat illustrated in Figure 13 where China has been added to 16 

developed countries that have made great progress in their energy transitions, and totally nullifies the 
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positive progress. This highlights the utmost importance of larger economies engaging in climate change 

mitigation efforts, since their impacts on a global scale is so immense. There have been multiple studies 

conducted that investigates the importance of larger economies to a greater extent, and the results also 

point to the necessity of these countries commitments. 

 

Paltsev et al. (2012) concluded that if every country would implement and follow extremely stringent 

climate policies the global temperature increase would be 1.2°C by 2100, which would fulfill the target 

set by the Paris agreement. However, if China had no climate restrictions trough a no-policy scenario, 

the temperature increase would be 2.3°C by 2100, ceteris paribus, and the hope of meeting the Paris 

agreement would vanish. Meaning that, without China's involvement, the rest of the world have no 

chance of effectively mitigating climate change. The authors also conclude that implementing stringent 

environmental policies in China could impede economic development to a large extent which is a huge 

negative aspect. Chinas immense global impact and the associated cost related to mitigation efforts is 

supported by other studies (Zhang et al. 2016; Jiang, Ye & Liu 2019). Zhou et al. (2020) calculated that 

the low-carbon-investments needs to double or triple in Asian developing countries to achieve the 2°C 

and 1.5°C target set by the Paris agreement. There have been suggestions that the losses in GDP that 

developing countries would be exposed to given climate mitigation costs, could be compensated for by 

developed countries. Jacoby et al. (2008) argues that if developed countries would give 2% of their GDP 

in 2020 with a progression up to 10% in 2050 to developing countries to compensate fully for their 

mitigation costs, the global emission by 2050 could be cut in half.  

 

Even though China plays a crucial role in the global challenge of mitigating climate change, the country 

cannot carry the rest of the world on its shoulders (Jiang & Green 2018). Furthermore, if China would 

shoulder the responsibility and implement highly stringent environmental policies, in combination with 

EU and the US reducing their emissions to zero by 2050, there would still be litter leeway left for the 

rest of the world in terms of allowable emission. The rest of the world would still have to lower their 

emissions from 15.5 Gt in 2016 to 4.2 Gt in 2050, and this includes developing countries in Africa, Latin 

America and South Asia who have not even started their industrialization process.  

 

In conclusion, the impact that larger developing countries have on global climate change mitigation is 

immense and it is of utmost importance that these countries engaged in the progress towards 

environmental sustainability. The development of new, scalable and cost-competitive low-carbon 

technologies in combination with effective carbon capture and storage (CCS) are essential to limit future 

emissions from countries undergoing industrialization. There are some positive trend going on in 

developing countries and in fact, the investments in renewable energy have been higher in developing 

countries than in developed countries ever since 2015, much thanks to huge investments in China (REN 

2019, s. 148). This trend of increased investments during the last decade in China can be seen in other 

developing region as well, e.g. India, Africa/Middle East and Asia/Oceania, while investments in the 

US have stagnated and actually decreased in Europe (REN 2019, s. 151). Right now, energy system 

transformations have happened in mostly smaller, highly developed economies and their significance in 

a global context is rather trivial in relation to larger economies. Other studies like Grubler, Wilson & 

Nemet (2016) have also found that a rapid energy transition is often limited to some specific locations 

or sectors while an energy transition at a global scale might be a more daunting challenge. When 

investigating the development in the largest economies that together have enormous impact on global 

sustainable development, the result is not promising. This is illustrated trough Figure 16 where an energy 

transition is basically nonexistent, and even though renewable energy consumption has increased 

exponentially, so have the consumption of fossil fuels; although not exponentially.  
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5.2.2 Outsourcing in developed countries 

Many developed countries have seen some great progress in environmental sustainability, both in term 

of lowering total energy consumption but also in transitioning from fossil fuels towards low-carbon 

energy sources like renewables. All of this is necessary to obtain the overarching goal of lowering carbon 

emissions into the atmosphere and prevent the global temperature from experiencing excessive 

increases. In the past, it was assumed that this was due to technological advancements and increased 

environmental awareness (Moreau & Vuille 2018), which is in line with the technology effect of the 

EKC hypothesis. However, there have been multiple studies that have investigated this assumption and 

reached the conclusion that, while it might be true that these countries have lowered energy consumption 

due to technology advancements, their energy consumption has decreased at least partially due to 

outsourcing (Moreau & Vuille 2018; Akizu-Gardoki et al. 2018; Kan, Chen & Chen 2019). Meaning 

that, domestic energy consumption has decrease due to shifting energy consumption abroad and then 

later re-importing the energy in the form of products and goods. Energy consumption is highly 

interconnected with carbon emissions and multiple studies have also investigated the carbon emission 

that can be attributed to outsourcing from developed to developing countries (Jiborn et al. 2018; Moran, 

Hasanbeigi & Springer 2018; Malik & Lan 2016; Mori 2019). 

 

Due to continuous globalization and increasing international trade, producers and consumers have 

become more easily connected which has led to multiple benefits, but this has also resulted in developed 

countries outsourcing heavy industrial production to developing countries to lower their own 

environmental impact. This is partly due to the differences in environmental targets between developed 

and developing countries, where developed countries have absolute targets that must be met while 

developing countries have relative targets, meaning that their climate targets is relative to their economic 

growth. Developing countries are therefore not as limited in terms of emitting carbon emissions to 

promote economic growth; however, this also means that environmental impact is shifted from countries 

under absolute targets toward countries operating under relative targets since these countries can 

“tolerate” it under current conditions (Jiborn et al. 2018).  

 

Another reason for increased outsourcing between these regions is the regulation and policies that many 

developed countries adopt to foster emission reductions, mainly through different market mechanisms, 

e.g. carbon tax (Martinsson & Fridahl 2018). This leads to industries experiencing rather steep increases 

in their production costs which eventually causes these industries to shift their production to less 

developed countries where the costs for production is cheaper. This phenomenon is often called “carbon-

leakage” which is a buzzword for climate change mitigation on the national level being offset by 

outsourcing production to countries with milder environmental regulations (Malik & Lan 2016). 

Developed countries have more advanced and efficient production processes that can utilize clean 

energy to a larger extent than the production processes in most developing countries, where the 

production process is, in most part, inefficient and based on fossil fuels. Therefore, outsourcing 

production from developed to developing countries seems counterproductive since the production 

process should be keeps where the resulting environmental damage is minimized (Jiborn et al. 2018). 

 

One of the main problem at the moment is that emissions is accounted based on the place of 

generation/production and not on consumption, which means that carbon emission either directly or 

indirectly associated with imported goods and services are not accounted for (Gurtu, Searcy & Jaber 

2016; Davis, Caldeira & Clark  2010). The majority of the studies that have been conducted regarding 

this topic concludes that the positive reductions in carbon emission and energy intensity that can be 
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identified in many developed countries, mainly during the last decade, either disappears or decreases 

significantly when some form of consumption-based measure is used, which is truly unfortunate. 

 

Malik & Lan (2016) investigated multiple countries in term of outsourcing and found that most 

developed countries like Germany, United Kingdom and France are carbon leaks, meaning that these 

countries cause carbon emission in other countries to a larger extent than their individual domestic 

carbon reductions. On the other hand, many developing countries like China, India and Russia act as 

carbon sinks, meaning that they experience increased domestic carbon emissions mainly due to growth 

in export to developed countries. The authors conclude that countries like the UK have achieved their 

climate targets mainly by outsourcing carbon-intensive production to developing countries.  

 

Jiborn et al. (2018) concluded that decreases of domestic emissions in both UK and Sweden is partly 

due to increased outsourcing of carbon intensive production. They also highlight a troublesome trend in 

which the import to these countries are becoming more carbon intensive while their export is becoming 

less carbon intensive. This could be one of the reasons for the slowly increasing gap between 

consumption-based emission and production-based carbon emission that are displayed in the top graph 

of Figure 15. Outsourcing have been shown to exist between countries of different income levels; 

however, outsourcing can also exist between region in a singular country. Feng et al. (2013) found that 

less developed provinces in China are producing goods that are later consumed in more developed 

provinces, displaying the same pattern that can be seen on a global scale.  

 

Many developed countries have also experienced a decrease in energy intensity during the last decade, 

indicating decoupling between energy consumption and economic growth (Moreau & Vuille 2018). 

However, some studies have investigated this claim by analyzing the effect of outsourcing and 

technological improvements. Akizu-Gardoki et al. (2018) investigated 126 countries and concluded that, 

when energy embodied in trade is accounted for, instead of only measuring domestic energy 

consumption, the decoupling effect decreases significantly for most countries. Moreau & Vuille (2018) 

did a case study of Switzerland and concluded that the country has not decoupled energy consumption 

from economic growth to the degree reported by official statistics, due to the neglection of energy 

embodied in trade, resulting in a false sense of progress. They also point out that measuring decoupling 

through energy intensity is misleading due to the neglection of energy embodied in trade.   

 

The progress in decoupling energy consumption from economic growth has been seen as a result of 

advancements in energy efficiency and therefore emphasis has been put on increasing energy efficiency 

(Kan, Chen & Chen 2019). However, studies show that the progress in decoupling is partly due to 

changes in the industrial structure in developed countries through deindustrialization, meaning that 

energy-intensive industries are outsourced abroad, which is sometimes called “virtual decoupling” 

(Akizu-Gardoki et al. 2018). The shifting of energy-intensive industries to developing countries might 

be one of the reasons why renewable energy shared has been able to increase in many developed 

countries. Energy intense industries like cement and steel production requires huge amount of energy, 

which cannot be provided by renewables. Renewables is perfect for supplying energy to smaller units 

like buildings or smaller production facilities but so far, fossil fuel is the only energy source that can 

produce the sufficient amount of energy needed in energy-intensive industries. However, when these 

industries are shifted elsewhere it becomes easier to support a system with larger shares of renewables. 

 

Kan, Chen & Chen (2019) has suggested that the whole concept of total energy decoupling could be 

misleading. Namely, decoupling total energy from economic growth is usually seen as progress in 

sustainability: however, it all depends on the energy source. Of course, decoupling fossil fuels from 
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economic growth is positive but decoupling renewables from economic growth is counterproductive. 

What is desirable is a decoupling of fossil fuels and a coupling of renewables, which is why the concept 

of total energy decoupling is an oversimplification.  

 

All in all, the problem of outsourcing seems to originate from the fact that climate change has to be 

mitigated on a global scale but the progress towards meeting this goal lies in the actions of individual 

countries with country specific climate targets and domestic interests. Developed economies might pat 

themselves on the back as they present their positive environmental progress along with blaming 

developing economies for destroying the planet, while their prosperity is ever more reliant on the energy-

inefficient productions of developing countries. The EKC hypothesis stipulates that as countries reach 

a certain point in economic development their environmental degradation starts to decline, partly due to 

technological efficiency improvements through the technology effect. A more accurate theory might be 

that when countries reach a certain point in economic development in combination with more stringent 

environmental regulations, they have the economic power and incentive to move their production to less 

developed countries, which in turn leads to decreased environmental degradation in the developed 

country. This theory is actually supported by the fact that China, upon reaching higher economic status, 

have also started to outsource some of their energy-intensive industries to other less-developed countries 

like Vietnam and Bangladesh (Meng et al. 2018). This has caused China’s carbon emissions through 

their export to shrink and even reverse while the carbon emissions embodied in the export for less-

developed countries like Vietnam and Bangladesh have started to surge, just like they did for China 

some years ago.  

5.3 Causality analysis 

The result from this study establishes a unidirectional causality running from economic growth to both 

renewable and fossil fuel energy consumption in the short term for a panel of developed countries. A 

unidirectional causality was also found running from economic growth to fossil fuel energy consumption 

for a panel of developing countries. However, no causality could be found between economic growth 

and renewable energy consumption for the developing panel. These results support the conservation and 

neutral hypothesis where changes in energy consumption will not influence economic growth. One 

possible implication of this could be to reduce fossil fuel consumption in these countries through more 

stringent environmental policies since reductions in fossil fuel consumption will not negatively affect 

economic growth. This also mean that renewable energy cannot be promoted based on its potential to 

stimulating economic growth. However, renewables should still be promoted over fossil fuels based on 

their positive environmental aspects since neither fossil fuels nor renewables affect economic growth. 

This result also suggests that slowing down economic growth or applying some form of no-growth 

strategy could be a viable solution to decrease fossil fuel consumption, especially in developing 

countries. However, the situation is slightly more complicated in developed countries since slowing 

down economic growth not only decreases fossil fuel consumption but renewable energy consumption 

as well. 

 

The extended literature review in this report suggests that the conservation hypothesis is quite 

uncommon. However, there are still numerous studies that have found evidence of the conservation 

hypothesis between economic growth and renewable energy consumption (Omri, Ben Mabrouk and 

Sassi-Thar 2015; Salim, Hassan & Shafiei 2014; Dogan 2016; Menyah & Wolde-Rufael 2010; Rahman 

& Velayutham 2020; Ozturk, Aslan & Kalyoncu 2010; Ouedraogo 2013; Saidi & Omri 2020; Kula  

2014). There are also some studied that found evidence for the conservation hypothesis between 
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economic growth and fossil fuel energy consumption (Aneja et al. 2017; Chen et al. 2019). The neutral 

hypothesis found between economic growth and renewable energy consumption for developing 

countries in this study is a slightly more common conclusion. About 21% of studies found evidence of 

the neutral hypothesis according to the literature review in this study. However, it should be noted that 

finding studies in this research field that supports a specific result is not difficult since the literature is 

so varied. The reasons for the disunity of outcomes in the literature has already been elaborated upon 

and is strengthened by other studies that have given their own explanations for the discrepancies (Kahia, 

Aïssa & Lanouar 2017; Ahmed et al. 2019; Sebri 2015). The mixed literature also poses a problem since 

a common method for confirming a result is to compare it with previous findings. Furthermore, one’s 

results is somewhat belittled by the fact that there is such a disagreement in the literature, making it hard 

to boast and demand radical policy adjustments. 

 

This study also found a unidirectional causality running from renewable energy consumption to fossil 

fuel energy consumption in developed countries. The reasons why fossil fuel consumption would 

increase with increased renewable energy consumption is somewhat hard to fathom. However, a 

potential reason could be related to the increasing implementation of variable renewable energy (VRE) 

(Verdolini, Vona & Popp 2018; Safari et al. 2019). VRE like solar and wind have already been described 

where peaks in generation not being congruent with peaks in demand due to weather variability. One of 

the reasons why countries can increase their shares of VRE without having considerable problems in 

grid management is because of fast reacting fossil-based backup capacity (Verdolini, Vona & Popp 

2018). Verdolini, Vona & Popp (2018) has shown that countries that have more available modern fossil-

based technology capacity are more likely to invest in renewable energy generation. This would partially 

explain why developed countries have been able to invest more extensively in renewable energy than 

many developing countries. They also conclude that renewable energy implementation and modern 

fossil fuel technologies are highly interdependent and coupled, and that both have been needed to meet 

goals related to emission reductions while at the same time ensuring a stable energy supply. This could 

explain why renewable energy causes higher fossil fuel consumption in this study, especially in 

developed countries were renewable energy share are starting to become significant and the need to 

handle the intermittency problem is crucial for further development. The need for dispatchable energy 

sources is pivotal for renewable energy development and hopefully other energy sources like hydro, 

biomass or geothermal can replace the current position held by modern fossil fuel technologies in this 

manner. It is also important that more R&D is focused toward the development of cheap, large-scale 

energy storage capabilities, so that the dependency of dispatchable energy diminishes in the future. Right 

now, it seems as though increases in renewable energy will lead to increased fossil fuel consumption to 

mitigate its intermittency, and maybe this is just one phase in the overall progress toward a more 

sustainable energy system (Safari et al. 2019). 

 

The exclusion of hydropower in the causality analysis has no impact on the result for the developing 

countries. However, the causality between economic growth and renewable energy vanishes when 

hydropower is excluded for the developed countries. This indicated that economic growth has a stronger 

connection to hydropower than the other renewable energy sources. However, this result cannot confirm 

the existence of a causal relationship between the two. There are studies that have investigated the 

relationship between economic growth and hydropower, and as for every other strand in the                

growth-energy consumption nexus, a consensus is missing (Ohler & Fetters 2014; Apergis et al. 2016; 

Ummalla & Samal 2018; Lau, Tan & Tang 2016; Solarin & Ozturk 2015; Bildirici 2016). The mixed 

result indicated that there is no clear understanding regarding the relationship between economic growth 

and hydropower. 
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The result of the causality analysis in this study also supports the EKC hypothesis to a certain degree. 

For developing countries economic growth causes fossil fuel consumption and not renewable energy 

consumption. This is in line with the EKC hypothesis since economic growth for countries in the initial 

stages of development should cause increased environmental degradation. Economic growth also causes 

renewable energy consumption in developed countries, meaning that these countries might be further 

along the EKC. Although, these countries might be in a transition phase at the top of the EKC instead 

of at the decreasing part, due to the causal relationship still running from economic growth to fossil fuel 

consumption. Furthermore, it might be difficult for these countries to reach the later parts of the EKC 

where environmental degradation is decreasing since increased renewable energy consumption also 

causes fossil fuel consumption. 
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6. Conclusion 

The EKC hypothesis stipulates that environmental degradation first increases as countries initialize their 

growth process, often in the form of industrialization. The environmental degradation later tapers off, 

stagnates and declines as these countries shifts their societal structures coupled with technological 

advancements. This report found lacking evidence for the existence of a consensus regarding the EKC 

through a comprehensive analysis of prior literature. The mixture of results is mainly due to differences 

in included variables and their definition, along with diverging methodology approaches. However, if 

environmental degradation is measured in a country's renewable energy shares, this report provides 

some evidence that support the validity of the EKC hypothesis. Most developed countries increase their 

shares of renewable energy as they achieve higher economic growth (Figure 4, 7, 9 and 12); however, 

there are some outliers like Australia, Canada and Hong Kong that have experienced increased economic 

growth without significantly increasing their renewable energy shares. For the developed countries that 

have achieved increased renewable energy shares, there are some evidence that suggests that the point 

in economic development where an energy transition starts to occur is somewhere in the range of US$ 

30 000 - 50 000, measured in real GDP per capita (Figure 7, 9 and 12).  

 

This report also establishes a causal relationship running from economic growth to renewable energy 

for developed countries. This further validates the EKC hypothesis, since increased economic growth 

for more developed countries should induce renewable energy consumption, which in this case 

represents decreased environmental degradation. However, there is also a causality running from 

economic growth to fossil fuel consumption in developed countries. This could indicate that these 

countries are in a transition phase in the top of the EKC where the dependency on fossil fuels is still 

present, but a shift is occurring towards cleaner energy sources. Another fact that points to the 

dependence of fossil fuels in developed countries is related to fossil fuels being necessary to keep as a 

dispatchable energy source when VRE shares increases. This is also supported through the establishes 

causality running from renewable energy consumption to fossil fuel consumption in this report. In 

conclusion, smaller developed countries in general seems to be in a transition phase from increasing to 

decreasing environmental degradation, with some countries further along in their progression. However, 

there is uncertainties in the underlying mechanism that explains the decreases in environmental 

degradation, and it might not be solely due to structural changes and technological advancement that the 

EKC hypothesis suggest. It might be due to far more counterproductive behaviors like outsourcing.  

 

This report also confirms the initial increase in environmental degradation suggested by the EKC 

hypothesis, since most developing countries have experienced decreased or stagnated renewable energy 

shares and are still heavily dependent on fossil fuels (Figure 5, 6 and 9). This is also demonstrated by 

the established causal relationship running from economic growth to fossil fuel consumption in 

developing countries. This highlights the fact that economic growth in the initial stages of economic 

development lead to environmental degradation in the form of fossil fuel consumption. However, the 

declining renewable energy shares coupled with increased fossil fuel use might be undesirable from an 

environmental sustainability perspective, but it could be a viable strategy in the short run to lift people 

out of atrocious situations, especially for countries occupying the lowest part of the economic 

development spectrum. 

 

All in all, a strong consensus regarding the EKC and the relationship between economic growth and 

energy consumption is missing across studies. When environmental degradation is measured in 

renewable energy shares the turning point of the EKC seems to lie between US$ 30 000 - 50 000 when 
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measures in real GDP per capita, and the shape of the curve form a regular U-shape for most countries. 

Economic growth in developed countries causes both fossil fuel and renewable energy consumption, 

and renewable energy consumption causes fossil fuel consumption. For developing countries economic 

growth only cause fossil fuel consumption. 

 

6.1 Recommendations for future work 

For further studies and general recommendations, it would be desirable to have stronger definition for 

all included variables in the analysis. Right now, there are a plethora of definition for countries and 

energy related variables, as well as a multitude of applied methodology approaches. It is therefore no 

wonder that the relationship between economic growth and different energy variables is so ambiguous, 

and to achieve more unequivocal results would probably include a more unified approach among 

researchers.  

 

An interesting subject for further studies that could deepen our understanding of the relationship between 

renewable energy and economic growth would be to decompose renewable energy into its 

subcomponents to investigate the causality for specific renewable energy sources like solar and wind. It 

would also be interesting for further studies to include nuclear power and investigate the relationship 

between economic growth and low-carbon energy sources to see if the results would differ. More studies 

should also focus on the declining part of the EKC, and if the reasons for this decline is due to structural 

changes coupled with technological advancements, or due to increased outsourcing.  

 

If this study would be done all over again the definitions of developed and developing countries would 

probably be replaced with other group definitions. The countries could be divided into different income 

groups according to the world bank definitions of high income, upper middle income, lower middle 

income and lower income. The definition of developed and developing countries might have been more 

appropriate a couple of decades ago when the gap between the two groups were more prominent. 

However, right now the gap between developed and developing countries have decreases and most 

countries are positioned right in the middle and on their way of becoming high income countries. This 

is described in more detail in Rosling (2018) where he himself classifies countries into four income 

categories. The analysis part of the report would also change significantly due to the acquired knowledge 

from writing this report. The analysis would still be based on panel data but a vector error correction 

model (VECM) would have been chosen instead of a VAR model. With the VECM model both the long 

run and the short run causality can be measures whereas the VAR model can only measure the short run 

causalities. An integration test would also have been applied since it further investigated the possibility 

of long run causality among the included variables. An estimation of the long run output elasticities 

might also have been performed to investigate how a 1% change in economic growth affect growth in 

the other variables. This is usually done through either an ordinary least square (OLS), dynamic ordinary 

least square (DOLS) or a fully modified ordinary least square (FMOLS) model. One could also have 

spent time learning other statistical software that provides second generation panel unit root test to be 

sure that the variables is stationary given cross-sectional dependence in the panel data.  
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Appendix A 
Fig 4 

Developing_countriesAlgeria,Argentina,Argentina,Argentina,Bangladesh,Belarus,Brazil,Bulgaria,Ch

ie,China,Colombia,Croatia,Ecuador,Egypt,FYR-

Macedonia,Hungary,India,Indonesia,Iran,Iraq,Kazakhstan,Kuwait,Malaysia,Mexico,Morocco,Oman,P

akistan,Peru,Philippines,Poland,Romania,Russia,Saudi-Arabia,Sri-Lanka,Thailand,Trinidad-and-

Tobago,Turkey,Turkmenistan,United Arab Emirates, Uzbekistan, Venezuela, Vietnam 

Developed countries Australia, Austria, Belgium, Canada, Cyprus, Czech Republic, Denmark, 

Estonia, Finland, France, Germany, Greece, Hong Kong, Iceland, Israel, Italy, Japan, Korea, Latvia, 

Lithuania, Luxembourg, Netherlands, New Zealand, Norway, Portugal, Singapore, Slovak Republic, 

Slovenia, Spain, Sweden, Switzerland, United Kingdom and United States 

 

Fig 5 

For the following countries: Albania, Angola, Bangladesh, Benin, Bolivia, Cameroon, Côte d'Ivoire, 

Dominican Republic, Ecuador, El Salvador, Ethiopia, Ghana, Guatemala, Haiti, Honduras, India, 

Indonesia, Mozambique, Myanmar, Nepal, Nigeria, Pakistan, Philippines, Senegal, Sri Lanka, Sudan, 

Thailand and Vietnam. 

 

Fig 6 

For the following countries: China, Malaysia, Thailand, Turkey, Argentina, Brazil, Chile, Colombia, 

Mexico, Peru, Trinidad and Tobago, Algeria, Iran, Iraq, Morocco, Azerbaijan, Kazakhstan and 

Turkmenistan. 

 

Fig 7 

For the following countries: Austria, Belgium, Cyprus, Denmark, Finland, Germany, Greece, Italy, 

japan, Netherlands, New Zealand, Slovenia, Spain, Sweden, UK and the US. 

 

Fig 8 

Top figure includes: Bulgaria, Croatia, Hungary, Poland, Romania, Belarus, Estonia, Latvia, Lithuania 

and Slovakia.  

Bottom figure includes: Australia, Canada, France, Hong Kong, South Korea and Singapore. 

 

Fig 12 

Germany, Sweden, Bulgaria, Hungary, Czech Republic, Slovak republic, Denmark, Switzerland, UK, 

Japan, Lithuania, Ireland, Belgium, Finland, France, Netherlands 

 

Fig 14 

Countries included: China, US, India, Japan, Germany, Russia and Indonesia 

 

Fig 15 

Included countries: Austria, Belgium, Denmark, Finland, France, Germany, Ireland, Italy, Portugal, 

Slovakia, Spain, Sweden, Switzerland, United Kingdom and United states. 
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Appendix B 

Correlogram: Developed 

LRE – variable 

 
Note: Top: Partial autocorrelation; Bottom: Autocorrelation; 30 lags included 

 

LRENH – variable 

 
 

Note: Top: Partial autocorrelation; Bottom: Autocorrelation; 30 lags included 

 

Correlogram: Developing 

LRE – variable 

 
 

Note: Top: Partial autocorrelation; Bottom: Autocorrelation; 30 lags included 

 

LRENH – variable 

 
 

Note: Top: Partial autocorrelation; Bottom: Autocorrelation; 30 lags included 

 


