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Abstract 
 

The purpose of this paper is to investigate the causal relationship between 
GDP and renewable energy. In order to find a significant relationship, a 
literature review is first analyzed in order to select the right methods for 
analysis. A simple model of GDP determination is chosen to inspect the 
relationship of society and sustainable energy production, as well as account 
for externalities on the environment by including 𝑪𝑪𝑪𝑪𝟐𝟐 emissions as an 
explanatory variable. The UN framework of sustainable development is used 
to highlight the need for action in the renewables energy sector. Concepts of 
emergy and transformity are employed to give a better understanding on the 
nature of energy and its crucial importance to economic development. The 
validity of these affirmations in terms of the nexus of causality will be done 
through economic methods: critical tests such as Pedroni cointegration, 
Granger causality and others will be used. These findings lead to useful policy 
implications for countries attempting to promote renewable energy and 
energy development. Unidirectional causality running from GDP growth to 
growth in the percentage of renewable energy consumption is found.  

 
1. Introduction 

 
It is important to understand that our planet’s resources are not infinite and that 
sooner or later, some will become very scarce. It is also a known characteristic 
of resources that if they are not scarce, the low cost of the materials produced 
will attract more consumers to the market, significantly changing the demand for 
that resource, which in turn will lead to a quicker rate of depletion (Krautkraemer, 
1998). On the other hand, renewable resources such as water, solar energy, 
timber and biomass can be used repeatedly because they can be replaced at the 
same rate as they are being used, naturally. Even so, they can be threatened by 
non-regulated industrial sectors and even more unfortunate, in order to find the 
maximum potential yield, the resource must have been over-exploited at some 
point in time (Hilborn, Ray et al.,1995). Contrary to the unregulated dynamic of 
resource exploiters, this article also states that the most successful institutions, 
concerning environmental sustainability have been small-scale communities or 
private ownership instances. What this image of the end of last century shows is 
that although environmental regulation has been aimed at the supply side of the 
economy, it is still the common individual whose aggregated actions had a more 
positive effect on the environment around them.  

‘The earth is finite’ – is the official opinion of 1575 scientists, including 99 
Nobel Prize winners who signed the declaration. (World Scientists' Warning to 
Humanity, 1992) 
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‘Pressures from unrestrained population growth puts demand on the natural 
world that can overwhelm any efforts to achieve a sustainable future.’  

Two statements are going to be used as the motivation for this paper. The 
question still remains: how does this pressure manifest and when is it 
sustainable? To answer the last part, UNEP, is just one of the many 
international bodies responsible for sustainable development and environment 
protection. It publishes a variety of reports, newsletters and atlases, most 
notable for this discussion: GEO-5 assessment and the 2 sets of development 
plans: pre-2015 and after. The Montreal Protocol set forth to protect the ozone 
layer and the Globalization of the environmental movement in 1992 are actions 
that guaranteed UNEP established as a universal governing body in December 
2012. 

GWMO report rates the current state of global waste management rapidly 
increasing, especially due to population growth in Africa. According to data 
collected over 125 countries, collection coverage is rated at 36% for low-income 
countries, 64% for lower-middle-income countries, 82% for upper-middle-
income countries and higher-income countries collecting almost 100% of their 
waste. This global pressure manifests because of changes in total population, 
technological advancements, more complete recycling solutions or through 
legislative changes that usually lead to new technology being implemented.  

The analysis will focus mainly on the relationship between GDP growth rates for 
developed countries and the rate of renewable energy growth in order to see 
whether economic or moral motives explain the observed differences. The 
economic part is related to the environment (infrastructure) while the moral part 
explains social norms related to ecological behavior and sustainable 
development. As an extension to previous research, other explanatory variables 
will be included. 𝐶𝐶𝐶𝐶2 emissions, in an attempt to test whether a cleaner 
environment leads to a more productive population, household, individual.  
 
Concerning the methodology and the problem at hand, what better place to test 
these findings than the actual birthplace of the UNEP, Sweden-Norway. Other 
that the simple logical foundation of less waste, less pollution and hence, a more 
efficient population, the motivation for this paper is observable: some countries 
show a higher tendency to achieve energy efficiency or to recycle than others 
and at the same time, their GDP and subsequent welfare are relatively higher 
(disposable income). The reason for such differences can often be found in 
environmental policy, which requires the population to actively seek involvement 
in environmental procedures such as sorting the waste before disposal or the 
purchase of ‘green products’. 
 
The International Association for Impact Assessment (IAIA) defines an 
environmental impact assessment as "the process of identifying, predicting, 
evaluating and mitigating the biophysical, social, and other relevant effects of 
development proposals prior to major decisions being taken and commitments 
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made." The research in this paper will shed light on the causal relationships 
between GDP, 𝐶𝐶𝐶𝐶2 emissions and energy indicators. 
 
Amongst other factors that drive ecological behavior, a producer responsibility 
ordinance was introduced in 1994 for Sweden. All citizens have to sort out 
packaging waste from other waste, clean the waste, and finally sort out different 
packaging materials: paper, glass, plastic and metal, in the respective bins. 
Today, Sweden is ranked by The Global Information Technology Report 2013 - 
Growth and Jobs in a Hyperconnected World as the 3rd overall and occupies top 
place in terms of ICT adoption by business and the population at large. Worth 
mentioning here is that the other top-scorers in the overall category are, mostly 
Nordic countries with Finland taking 1st overall and Norway 5th.  Could this simple 
attitude be the ‘sustainable lifestyle’ that we are all looking for? Or is it possible 
to do better? 
 
Millennium development goals: 
 
    Possibly the largest action that humankind has ever embarked on, with an 
intended positive impact is the UN’s MDGs. The mission in the year 2000 was to 
‘spare no effort to free our fellow men, women and children from the abject and 
dehumanizing conditions of extreme poverty’. In practice, the mission was set 
forth across a framework of 8 goals, each requiring practical steps that once 
accomplished, significantly helped people across the world to improve their 
standards of living and their future prospects. Through effective management of 
prioritizing people and their immediate needs first, the MDGs had a significant 
impact over policy implementation in both developed and developing countries, 
such as South Africa. A summary of the goals and what has been achieved is 
presented via the final 2015 Progress Chart for the UN’s MDGs. Among the most 
notable differences from 1990 to 2015, the period of action for the goals, extreme 
poverty has dropped from about half the world in 1990 to just 14% in 2015, the 
inequality for women in parliamentary positions has been improved, with double 
as many women in parliament. Ozone-depleting substances have been 
eliminated in a 98% proportion. Worldwide, the 2.1 billion people have gained 
access to improved sanitation and a huge increase of internet penetration rate 
from 6% in 2000 to 43% in 2015. Official development assistance from developed 
countries increased by 66% in real terms between 2000-2015. And lastly, around 
79% of imports from developing to developed countries were admitted duty free, 
as opposed to 65%. 
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Although these MDGs have been surprisingly successful in many ways, (Nana K, 
Jim W,  2011) highlight the many shortcomings of the millennium plans, from the 
above table: persistent gender inequality, big differences between poorest and 
richest households, as well as between rural and urban areas; Climate change 
and environmental degradation rate are relatively increasing, undermining 
progress achieved so far. Poor people suffer the most from the externalities of 
industrialization. On top of all this, conflicts remain the biggest threat to human 
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development. In 2014 around 60 million people were forced out of their homes 
due to conflicts. (Jeffery S., 2010) Suggests that the situation for MDGs 
concerning health is one of conditional optimism. It relies on a steady and efficient 
management of progress, on top of a constant commitment of 0.7% of developed 
nations’ GDP. Foreign aid is the key limiting factor here and it will decide the 
success at the end of the program. 
 
The MDG framework has made a few practical global advancements in terms of 
statistics. More robust and reliable data has been created as countries integrated 
the goals into their own strategies and national priorities. Vulnerable minority 
groups are the ones targeted by the agenda in the hopes of improving the 
availability, reliability, timelessness and accessibility of data to support the post-
2015 development (Michael D et al., 2015). At the core of this agenda lies 
sustainable development, which must become a living reality for every person on 
the planet, if we are to reduce any of the inequalities that face us today (Álvaro 
F-B et al, 2014). In order to address the root causes and do more to integrate the 
economic, social and environmental dimensions of sustainable development, we 
must reflect these lessons of the previous generation of goals, build on our 
successes and guide countries, together, on a track towards a more prosperous, 
sustainable and equitable world.  
 
Following the Millennial plans, on September 25th 2015, countries adopted a set 
of goals meant to end poverty, protect the environment and ensure prosperity for 
all as part of a new sustainable development agenda within 15 years. Out of the 
total of 17 goals, only 2 of them will be directly considered by this paper: 12 & 13.  
 
According to the facts and figures of goal 11 (make cities inclusive, safe, resilient 
and sustainable), by 2030 almost 60% of the world’s population will reside in 
urban areas 95% of urban expansion in the next decades will take place in the 
developing world.  
 
In an attempt to avoid further rise in slum population worldwide, this paper will be 
investigating the relationship between economic growth and  
affordable, clean energy because figures from the UN clearly show that although 
only 3% of the Earth’s land is covered by cities, they still account for 60-80% of 
the energy consumed worldwide and 75% of carbon emissions. However, the 
density of cities can bring efficiency gains and technological innovation while 
reducing aggregate resource and energy consumption.  
 
The Brundtland report was the first major contributor to sustainability worldwide 
as it tied human development and actions to environmental hosting capacities 
across the generations, giving an official definition to the term ‘sustainable 
development’ (Kates et al, 2005). The same author (Kates R.W, 2012) offers a 
detailed review of what Sustainability Science Reseach has achieved over the 
period 2003-2010. He states that in the first 8 years, the science has been 
dedicated primarily to the environment and life support systems with a 62% 
prevalence rate, followed by development (human needs) at 32%. He also 
identifies 2 types of biases in the pool of research that he analyzed: One bias 
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towards environmental sciences as opposed to underrepresentation of 
development sciences and the technologies that make them possible. The 
second bias is that despite considerable involvement of developing nations, the 
current goals and agenda reflect mostly the interests of environmental scientists 
from developed countries. The last bias identified is for studies to emphasize the 
global aspects, in spite of the research data that is being intended on regional 
and place-based studies. In order to eliminate any biases in this research, as 
defined in the MATISSE project, ISA states that both a more integrative scientific 
thinking, as well as a broader scope for modeling activities is required. It is 
imperative that model integration and model coupling across disciplines are 
appropriately chosen in order to do a clear, combined assessment of 
environmental, economic and social processes, together (Weaver & Rotmans, 
2006).   
 

 
 
Based on the results from the SustainabilityA-Test, an EU project meant to 
develop tools that could effectively analyze how new and existing policites 
influence society’s sustainability in Europe, (Lotze-Campen, 2008) offer a 
detailed list of the various models used to asses integrated sustainability. Of the 
models listed here, the GCM and EMIC could be the most useful in dealing with 
the research subject at hand. The Readings in Sustainability Science and 
Technology is a great source of materials for the curent status, relationships and 
trends between nine essentials for well-being and seven essential life support 
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systems for understanding the relatively newly-formed science of sustainability 
(Kates RW, 2010).  
   
Sustainability is a function of social, economic, technological and ecological 
concepts. Sustainable development links together the hosting capacity of our 
natural systems with the various challenges faced by humanity (Hansa M., 2007). 
Corporate sustainability is of utmost importance for the survival of organizations 
and their future generations (Fisher D, 2010). It can be considered a new and 
evolving philosophy that addresses organizational growth and profitability, 
environmental protection, social justice and equality. The Baldridge Criteria is the 
most notable model for measurement.  To cope up with the globalized challenges, 
corporations all around the globe should apply a corporate sustainability plan by 
addressing their TRIPLE BOTTOM LINE (Slaper et al., 2011) which includes 
paying close attention to their social (human factors), environmental (risk and 
requirement factors), economic (financial factors) issues. 
 
Now, taking the discussion back to scarcity we get ‘green vs lean’ production. 
Inclusive and sustainable industrial development is the primary source of income 
generation, allows for rapid and sustained increases in living standards for all 
people, and provides the technological solutions to environmentally sound 
industrialization. A clear example of ‘green vs lean’ production can be found in 
the 7 wastes paradigm which both prioritize resource efficiency with the main 
difference being that 𝐶𝐶𝐶𝐶2 emissions and environmental impact are also minimized 
in the case of ‘green production’. Technological progress is the foundation of 
efforts to achieve environmental objectives, such as increased resource and 
energy-efficiency. Without technology and innovation, industrialization will not 
happen, and without industrialization, development will not happen.  
 
Renewables are a necessary part of energy security (David Elliot, 2015). 
However, there are still obstacles to overcome. Even though it has become a 
cost-competitive option in an increasing number of cases, policy and regulatory 
uncertainty is rising in some key markets. It is fueled by concerns regarding the 
costs of deploying renewables. Governments must distinguish more clearly 
between the past, present and future, as costs are falling over time. Many 
renewables no longer need high incentive levels such as subsidies. In fact, given 
their capital-intensive nature, renewables require a market context that assures 
a reasonable and predictable return for investors.  
 

2. Literature review 
 
A review of the literature gives (Kraft and Kraft, 1978) the title of pioneer in the 
study of the causal relationship between energy consumption and income. They 
find unidirectional causality from income to energy consumption for the USA over 
the 1947–1974 period. This implied that energy conservation policies may be 
implemented without significant externalities over the economy. Their findings 
met criticism on behalf (Akarca and Long, 1980), who showed that Kraft and 
Kraft's study was affected by temporal sample instability. 
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(Eden & Hwang,1984) used annual data to confirm the absence of any causality 
between energy consumption and income over the sample period of 1947–1979. 
When using quarterly data analyzed via the same method, findings revealed a 
unidirectional causality running from GNP to energy consumption over the period 
1973–1981. Broadening the magnitude of the studies in a number of industrial 
countries, (Yu and Choi, 1985) and (Erol and Yu, 1987) did not find any causality 
for the. On the pro side of (Kraft and Kraft, 1978), (Abosedra and Baghestani, 
1989) found themselves in favor of unidirectional causality from GNP to energy 
, but opposed (Akarca and Long,1980), (Yu and Hwang,1984), (Yu and 
Choi,1985). 
 
(Yu and Jin, 1992) were the first to test for cointegration between energy and 
output by using more frequent, monthly USA data. Unfortunately, they concluded 
that energy consumption had no long-term relationship with income and 
employment. (Cheng, 1995) used a bivariate analysis and found no causality 
between energy use and GNP in the USA in either direction. Using a multivariate 
analysis, he also found no causal relationship between energy use and 
GNP. (Masih and Masih , 1996) used a vector error correction model (VECM) and 
found cointegration between energy and GDP in India, Pakistan and Indonesia. 
Consumption is causal to income in India, income is causal to energy 
consumption in Indonesia, and bi-directional causality exists in Pakistan. This 
study also applied an ordinary VAR model for the rest of the three non-
cointegrated countries (Malaysia, Singapore and the Philippines) but did not find 
any causality. 
 
(Glasure & Lee,1998) examined the causality between energy consumption and 
GDP for South Korea and Singapore. Different methodologies yielded different 
results: VAR-based Granger causality tests revealed no causal relationship for 
South Korea and a unidirectional causal relationship from energy consumption to 
GDP for Singapore. Cointegration and error-correction models indicated bi-
directional causality for both countries.  
Another set of studies that clash is formed by (Cheng and Lai, 1997), who argued 
that there was a unidirectional causal relationship from GDP to energy use in 
Taiwan, while (Yang, 2000) who studied the causal relationship between energy 
use and GDP in Taiwan, found a bi-directional causality between energy and 
GDP.  
 
Probably the most complex study, by (Stern, 2000) included capital and labor 
variables and used a quality-weighted index of energy input. He introduced 
cointegration analysis of the relationship between energy and GDP and found 
that total energy use does not seem to be Granger-causing GDP. However, if a 
quality-weighting index of energy is used, then it was determined to be Granger-
causing GDP. His results showed that energy should be cointegrated in any 
model. Three of the five estimated models had unidirectional causality running 
from energy use to GDP and in the other two models, bi-directional causal 
relationship between energy use and GDP was found. Stern's results show the 
energy has a significant impact on GDP determination in the US. 

http://www.sciencedirect.com/science/article/pii/S0301421509001487#bib27
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(Chang and Wong, 2001) studied the relationship between poverty, energy and 
economic growth in Singapore. They reported unidirectional causality from GDP 
to energy consumption. (Fatai et al., 2002) analyzed the causal relationship 
between employment, energy consumption and economic growth in New 
Zealand. They found unidirectional causality from electricity consumption to 
employment and from oil to employment. 
 
(Soytas & Sari, 2003) found causality between energy consumption and GDP for 
a panel of G-7 countries and the top 10 emerging economies excluding China. 
They found bi-directional causality for Argentina, unidirectional causality from 
GDP to energy consumption in Italy and Korea, and unidirectional causality from 
energy consumption to GDP in Turkey, France, Germany and Japan. 
 
(Altinay, Karagol, 2005) looked at the causal relationship between electricity 
consumption and real GDP in Turkey during the 1950–2000 period. Other testing 
methods for the Granger non-causality were used: the Dolado–Lütkepohl test 
using the VARs, and the standard Granger causality test using the non-trended 
data. Both tests showed a strong evidence for unidirectional causality running 
from the electricity consumption to income. This implies that the supply of 
electricity is strictly necessary to meet the growing electricity consumption, 
subsequently sustaining economic growth in Turkey. 
 
(Yuan et al., 2007) uses cointegration theory to examine the causal relationship 
between electricity consumption and real GDP in China during 1978–2004. Their 
estimates indicated that real GDP and electricity consumption for China were 
cointegrated and that there was only unidirectional Granger causality running 
from electricity consumption to real GDP. The conclusions implied that the 
Granger causality was probably related to the business cycle.  
 
 
GDP growth and Renewable Energy  
 
 The link between renewable energy and economic growth is one of great 
importance, especially the sustainable supply of energy sources. Energy security 
in this case is a necessary condition but not sufficient requirement for 
development of an economic society (Ertuğrul Y. et al, 2012). As the costs of 
electricity have risen, there has been an increasing pressure to identify what is 
the impact of expanded energy use on economic growth. A wide variety of 
literature has looked at the relationship between energy consumption and 
economic growth. One of the most extensive literature reviews by (Payne, 
2010a) provides an extensive overview of this literature, examining 101 studies 
over 30 years, up until 2012. However, no consensus has been found on the 
causal nature of this relationship. A number of studies conducted by largely, the 
same authors, find a bidirectional relationship between renewable energy 
consumption and economic growth (Apergis and Payne, 2010a, Apergis and 
Payne, 2010b, Apergis and Payne, 2011a, Apergis and Payne, 2011b, Apergis 
and Payne, 2012a, Apergis and Payne, 2012b and Apergis et al., 2010). The 
results are different even regarding the direction of causality and the impact on 
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energy policy. This is important because the type of causal relationship 
determines the policy implications of such a relationship. 
 
 
A table of the most relevant studies for this discussion is provided below: 
Study  Methodology Subject Relationship 

Sari and Soytas  
Variance 
decomposition 

Turkey REC increases GDP 

Ewing et al.  
Variance 
decomposition 

US REC increases IP 

Sari et al.  ARDL US IP→REC 

Sadorsky  
Panel Cointegration 18 emerging 

countries 
GDP→REC 

Apergis and 
Payne  

Panel Cointegration 20 OECD 
countries 

GDP↔REC 

Apergis and 
Payne  

Panel Cointegration 13 countries within 
Eurasia 

GDP↔REC 

Payne  Toda–Yamamoto US GDP≠REC 
Bowden and 
Payne  

Toda–Yamamoto US (sectoral level) GDP↔REC 

Menegaki  
Panel random effect 
model 

27 European 
Countries 

GDP≠REC 

Apergis and 
Payne  

panel error correction 
model 

6 Central 
American 
countries 

GDP↔REC 

Apergis and 
Payne  

panel error correction 
model 

80 countries GDP↔REC 

 
REC=renewable energy consumption 
GDP=real gross domestic produc 
IP=industrial production. 
EC→GDP the causality runs from energy consumption to growth. 
 
(Hacker and Hatemi, 2006) indicate that if the error term of the model is 
characterized by non-normality, asymptotic distribution can be poor 
approximation and in this case findings of Toda–Yamamoto test are invalid. 
 
 
GDP growth and Sustainable development: 
 
Along with an increase in energy use, comes an increase in 𝐶𝐶𝐶𝐶2 emissions. In 
2005, the world's top five emitters (in order of emissions, US, China, Russia, 
Japan, and India) accounted for 55% of global energy-related 𝐶𝐶𝐶𝐶2 emissions 
(IEA, 2007, p. 200).  Rising concentrations of 𝐶𝐶𝐶𝐶2 is a global problem that 
requires a global solution. It therefore becomes imperative that all countries 
quickly find ways to reduce their emission of greenhouse gases. Emerging 
economies are the ones that are going to experience the greatest increase in 
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energy consumption and therefore, carbon dioxide emissions. Increasing their 
usage of renewable energy provides one way to reduce carbon dioxide 
emissions. Today, all countries around the world are concerned with energy 
security issues and global warming and increasing the usage of renewable 
energy offers one way to address both of these problems. Over the period 2005–
2030, renewable energy (like wind, solar, geothermal, wave and tidal), at an 
average annual growth rate of 6.7%, is expected to be the fastest growing 
segment of the energy industry (IEA, 2007, p. 74). It is argued that there is an 
enormous potential for increased usage of renewable energy in emerging 
economies (Perry Sadorsky, 2009) 
 
 
Emergy and transformity 
 
From the beginning of his career and up until the end, Odum used the concept of 
an energy hierarchy, figured below, as a means of explaining the efforts of nature 
and society that result in energy transformations. On a general view of the 
processes, energy is linked to Systems of nature and society via interconnected 
flows of energy the systems of nature and society are interconnected in webs of 
energy flow (Mark B, Sergio U, 2004). The methodology and concept was that all 
energy transformations that happen on the planet could be arranged in an 
organized, ordered series to form an energy hierarchy with relationships such as: 
many joules of sunlight required to make a joule of organic matter, many joules 
of organic matter to make a joule of fuel, several joules of fuel required to make 
a joule of electric power, and so on. The table below shows the different parts of 
this methodology. 
 
The first of these valuations were made for agroecosystems and marshes, in the 
U.S. (HT Odum, 1967, 1971; EP Odum and HT Odum 1972). In 1975, the concept 
now called transformity which measures the quality of energy and its location in 
the energy hierarchy, was introduced in a response at a ceremony in Paris 
awarding the prize of the Institute De La Vie to the Odum brothers (HT Odum 
1975) (Odum, 1973). Their research led to the introduction of a measure of net 
energy, the true value of energy to society. It represents the residual left behind 
after the costs of production and transportation of energy are accounted for. 
 
These observations, the quantitative evaluations they fostered, and the resulting 
body of theories that are embodied in the emergy approach have been rejected 
by some and criticized by many (Mark B, Sergio U, 2004). It is said that economic 
researchers are likely to find the emergy approach as the conceptual framework 
that is needed for a reliable investigation of the connections between natural 
ecosystems and human-dominated systems and processes. 
 
The common thread is the ability to evaluate all forms of energy, materials, and 
human services on a common basis. It is done by converting them into 
equivalents of one form of energy. For example solar emergy is a measure of the 
past and present environmental support to any process occurring in the 
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biosphere.A deeper analysis of this calculation method in the mathematical 
context of set theory can be found in (Bastianoni et al. 2011) 
 

 
 
Emergy is the availability of energy (exergy) of one kind that is used up in 
transformations directly and indirectly to make a product or service. The unit of 
emergy is the emjoule, a unit referring to the available energy of one kind 
consumed in transformations. For example, sunlight, fuel, electricity, and human 
service can be put on a common basis by expressing them all in the emjoules of 
solar energy that is required to produce each. In this case, the value is a unit 
of solar emergy  is expressed in solar emjoules (abbreviated seJ). Although other 
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units have been used, such as coal emjoules or electrical emjoules, in most cases 
all emergy data are given in solar emjoules. 
 
Unit emergy values (emergy intensities) are calculated based on the emergy 
required to generate one unit of output. There are several important types of 
emergy (Mark B, Sergio U, 2004): 
 
Emergy per unit money, defined as the emergy supporting the generation of one 
unit of economic product (expressed as currency). It is used to convert money 
payments into emergy units. Since money is paid to people for their services and 
not to the environment, the contribution to a process represented by monetary 
payments is the emergy that people purchase with the money. The amount of 
resources that money buys depends on the amount of emergy supporting the 
economy and the amount of money circulating. An average emergy/money ratio 
in solar emjoules/$ can be calculated by dividing the total emergy use of a state 
or nation by its gross economic product. 
 
mpower is a flow of emergy (i.e., emergy/unit time). Emergy flows are usually 
expressed in units of solar empower (solar emjoules/time: seJ/s, seJ/year). 
For example, the transformity of coal is the emergy per gram of sediment from 
the Earth sedimentary cycle divided by the Gibbs free energy of a gram of coal 
(Odum, 1996). The transformity of other fuels are approximated based on their 
relative efficiency obtained in combustion chambers. 
 
The emergy of economic inputs measured in terms of money is determined by 
multiplying the input in monetary units by the ratio of the nation’s total emergy to 
its economic gross national product: 
 
𝑀𝑀 = 𝐹𝐹  �𝑀𝑀𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛

𝐹𝐹𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛
�  

 
F represents one particular economic input, 𝑀𝑀𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 is the total nation’s emergy, 
and 𝐹𝐹𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 is the gross national economic product from that input (Jorge L Hau, 
Bhavik R Baksshi, 2004). 
 
The emergy considered as a flow per unit time (measured in seJ year−1) is called 
empower, and represents the “environmental value” of the resources that the 
territorial system needs to self-maintain in its present state of organization.The 
empower has been calculated for a quasi-global database of countries, described 
in (Brown et al. 2009). In this database (available from the NEAD), renewable 
and non-renewable inputs, and imported flows of resources, goods and services 
from outside the national economy are included. 
 
 In this database (available from the NEAD), renewable and non-renewable 
inputs, and imported flows of resources, goods and services from outside the 
national economy are included. The total empower calculated for a national 
system is composed by different kinds of resources that can be classified: 



 

 
 

 
 
 

14 

renewable resources, like solar energy flow, wind, geothermal heat and rain, are 
sources of energy and matter that are used slower than they are renewed; local 
non-renewable resources, like soil, water and minerals, are extracted from limited 
local storages; imported resources, like fuels, materials and other goods and 
services, are limited and must be purchased from outside the system (Morandi et 
al., 2014). These resources (i.e., local renewable resources, imported and local 
non-renewable resources) are accounted and combined into aggregated 
indicators in order to measure the degree of dependency on non-local resources 
or the renewable fraction of the total energy use. In general, the empower of a 
nation depends on the type of land use, processes, technologies, and natural or 
man-made systems settled within the national boundaries (Pulselli, 2010).  
 
According to (Ward et al, 2012) the ratio between the types of resources that are 
consumed is highly skewed towards fossil fuels. On top of this, (Montanarella and 
Vargas, 2012) show there are issues and concerns regarding resources that were 
once considered renewable (drinking water and fertile soil) and may find 
themselves on the opposite side of the scale (non-renewable) in the coming 
decades  
 

 
 
Policy discussions can sometimes emphasize that a single technology, such as 
ethanol or gasoline conservation, can provide both energy security and climate 
protection. Moreover, the fact that some technologies offer complementarity 
between energy security and climate protection may obscure the fact that 
policymakers face a tradeoff when pursuing both policy goals (Stephen B, Hillard 
H,2008). Problems arise when policymakers select the mix of technologies that 
is due to pursue both goals. One possible way to achieve a optimal policy is by 
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pursuing each of the technologies beyond the point where its additional cost is 
equal to the marginal benefits achieved in both goals. These two authors also 
provide a Graphical representation of the options available to policy makers.  
 
 A complete dependency on energy imports leads to situations such as the one 
where Russia was able to triple the price of natural gas meant for Belarus and 
Ukraine because those countries were completely dependent on Russian supply 
(Sevastyanov, 2008). The amount of trade in energy commodities amounted to 
more than US$ 3 trillion in 2011, including oil, coal, natural gas, and uranium 
(Brown and Sovacool, 2011). As a result, few countries are truly energy 
independent simply because the world's known oil reserves (1.2 trillion barrels) 
are concentrated in volatile regions, and so are the largest petroleum companies. 
Even though oil and gas resources are internationally traded, in what appears to 
be a free market, most products are controlled by a handful of state-dominated 
firms and major oil companies. Unfortunately, other conventional energy 
resources including coal, natural gas, and uranium, are equally consolidated. 
Eighty percent of the world's oil can be found in nine countries that have only 5% 
of the world population, 80% of the world's natural gas is in 13 countries, and 
80% of the world's coal is in six countries. Many of the same countries are among 
the six that control more than 80% of the world's uranium resources (Brown and 
Sovacool, 2011). The general attitude found by the authors of this cross-national 
survey about energy security is a clear image of how climate, energy attitudes 
and policies are complicated by a lack of universal mitigation on the impacts of 
energy security and climate change. 
 
Lack of access to modern energy services is a serious hindrance to economic 
and social development and must be overcome if the UN Millennium 
Development Goals (MDGs) are to be achieved. Improved energy efficiency is 
often the most economic and readily available means of improving energy 
security and reducing greenhouse gas emission. Therefore, the question 
remains, why don’t governments or populations react more violently towards 
achieving energy security? One answer comes from (William W. et al, 2013), 
summing up that unexpected policy changes are one type of uncertainty that 
makes it more difficult to attract capital. One such example happened in Norway 
where a large new biodiesel plant was opened just a few weeks before the 
government announced a major policy change in the bioenergy policy. 
Consequently, the new plant was closed, restructured and the investors took a 
serious fall. The government lost political credibility, significantly increasing the 
difficulty of raising private capital for new investments in this sector. 
 
In the 1990s and onwards, the Kuznets curve (Kuznets, 1955) took a new 
existence. There was evidence that the levels of environmental degradation and 
the per capita income follows the same inverted U-shaped relationship as does 
income inequality and per capita income in the original Kuznets curve. Now, 
Kuznets curve has become a tool for describing the relationship between 
measured levels of environmental quality (for example, emissions of 𝐶𝐶𝐶𝐶2) and per 
capita income. The inverted U-shaped relationship between 𝐶𝐶𝐶𝐶2 emissions and 
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GDP is an empirical observation and evidence is found that fit emissions to 
income via Kuznets (Esteve V, Tamarit C, 2012b). 
 
The review of previous studies reveals that the share of renewable energy in the 
primary energy portfolio and the growth of the share over time have a significant 
variance across OECD countries (IEA, 2008). On country that stands out is 
Sweden. During the last three decades, the share of forest bioenergy energy use 
has doubled, with drivers having developed over time (Björheden R, 2006). The 
“oil crises” was the first to influence the country to reduce its rich dependency on 
oil by renewable energy resources use. Increased environmental awareness 
including recent concerns by the general public about global climate change 
followed. 
 
Recent debates about renewable energy consumption manifest two main 
expectations. Firstly, renewable energy consumption should contribute to 
economic growth and then secondly, it should not cause a damage to the 
environment (Fang Y, 2011). This study focuses on the first issue. There are four 
hypotheses about the causal nexus between economic growth and energy 
consumption. According to the growth hypothesis, energy consumption 
contributes to economic growth both directly and/or indirectly by complementing 
to labor and capital in the production process. A valid observation of the growth 
hypothesis implies that energy security policies are capable of reducing real 
GDP. The conservation hypothesis implies that energy conservation policies 
would not reduce real GDP. A verified unidirectional Granger-causality from real 
GDP to energy consumption supports this hypothesis. The feedback hypothesis 
implies Interdependent causal nexus between energy consumption and real 
GDP. It is supported by the validity of bidirectional Granger-causality between 
energy consumption and real GDP. Lastly, the neutrality hypothesis suggests 
that energy consumption does not have a significant role in the determination of 
real GDP and at the same time, energy conservation policies would not reduce 
real GDP. Support for the last hypothesis of neutrality comes in the absence of 
Granger-causality between energy consumption and real GDP. 
 
The traditional conception of energy security addresses the relative availability, 
affordability, and safety of energy fuels and services (Janelle K-H, Marilyn B, 
2013). According to the IEA report, if we are to make the transition to a global 
renewable energy economy, globally, the economy could achieve net savings of 
about $71 trillion by the year 2050. In a more detailed description, $44 trillion in 
investment by the year 2050 would translate to about $115 trillion in energy 
savings, as well as helping to limit the extent of 𝐶𝐶𝐶𝐶2 -induced warming. 
 

3. Methodology 
 
A study by (Virginia H. Dale et al, 2013) showcases the different sustainability 
indicators necessary in Bioenergy Sustainability and argue that the context in 
which the problem is framed affects the measurement, choice and interpretation 
of sustainability indicators. After pointing to the multitude and ambiguity of some 
of the sustainability indicators, they identify a core of 10 relevant measures of 
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bioenergy systems’ sustainability, spread out over categories such as: Social 
well-being, Energy security, External trade, Profitability, Resource Conservation 
and Social acceptability. (Sydorovych O, Wossink A, 2008) state that 
sustainability assessment does have a particular standardized time frame but 
discussions refer to several future generations. The same authors also say that 
profitability is perhaps the most basic indicator of economic sustainability and 
appears in a multitude of sustainability frameworks. Profitability is pertinent to 
sustainability of the entire supply chain as well as to particular components  
 
For the purpose of this paper, sustainable development will be measured through 
GDP growth as the main dependent variable. Indices regarding renewable 
energy consumption, 𝐶𝐶𝐶𝐶2 emissions and growth in the Energy market will be used 
to address the complexities of the subject. It is important to select robust, reliable 
indices as our measures of sustainability. For example, (Neumayer E, 1999) 
criticizes the eventual substitution of the Index of Sustainable Economic Welfare 
instead of a country’s GNP or GDP, on grounds that ISEW calculations lack 
theoretical foundations, depend on arbitrary assumptions, and neglect 
technological advancements, as well as increases in human capital. On top of 
this, information about each indicator is lost when they are compiled into an index. 
 
Out of the large pool of research done by these authors (Apergis, J.E. Payne, 
2012), one aspect is quite clear: the model they have found for best estimations 
of the regression lines: 𝑌𝑌𝑛𝑛𝑛𝑛 = 𝑓𝑓(𝑅𝑅𝑅𝑅𝑛𝑛𝑛𝑛,𝑁𝑁𝑅𝑅𝑅𝑅𝑛𝑛𝑛𝑛,𝐾𝐾𝑛𝑛𝑛𝑛, 𝐿𝐿𝑛𝑛𝑛𝑛)𝑑𝑑Þ. The model of this research 
paper differs from this one with respect to capital, labor and non-renewable 
energy consumption not being represented by separate, independent variables. 
Instead, we know that national output is a function of capital and labor according 
to neoclassical theories and, unless green production practices are employed by 
the various manufacturers in the economy, the processes are bound to have a 
carbon footprint output. Furthermore, another input necessary for production is 
energy, whose production also has 𝐶𝐶𝐶𝐶2 as an output. Therefore, instead of using 
input variables for the economy in order to increase the explanatory power, this 
model uses just one explanatory variable that accounts for externalities of 
production (𝐶𝐶𝐶𝐶2). 
 
The main research question of this paper will attempt to explain variations in GDP 
growth through the use of one variable for sustainability in the energy market and 
another that accounts for climate change. A number of factors lead to increase 
attention on renewable energy sources such as the volatility of oil prices, the 
dependency on foreign energy sources, and the global environmental 
consequences of carbon emissions and government policies that promote 
renewable energy production (Bowden N, 2010). 
 
The data will be obtained from the World Bank Development Indicators over an 
intended period greater than 30 years, in order to have a significant population 
size, worthy of a standard normal distribution. However, because the indicators 
offer a yearly quantitative assessment that is only available from 1990 onwards 
for the percentage of renewable energy consumption, the analysis will be 
constrained to just 22 years, up to 2011.  
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The following equations will be used to estimate the models that will look into the 
causal relationship between GDP, RE and 𝐶𝐶𝐶𝐶2 emissions: 
 
𝐺𝐺𝐺𝐺𝐺𝐺𝑛𝑛𝑛𝑛 = 𝛼𝛼𝑛𝑛 + 𝛽𝛽𝑛𝑛𝑅𝑅𝑅𝑅𝑛𝑛𝑛𝑛 +  𝛾𝛾𝑛𝑛𝐶𝐶𝐶𝐶2𝑛𝑛𝑛𝑛 + 𝜀𝜀𝑛𝑛𝑛𝑛 – equation 1 
𝑅𝑅𝐶𝐶𝐸𝐸𝑛𝑛𝑛𝑛 = 𝐺𝐺𝐺𝐺𝐺𝐺𝑛𝑛𝑛𝑛 −  𝛽𝛽𝚤𝚤�𝑅𝑅𝑅𝑅𝑛𝑛𝑛𝑛 −  𝛾𝛾𝚤𝚤�𝐶𝐶𝐶𝐶2𝑛𝑛𝑛𝑛 – equation 2 
 
where i = (1,2,3) denotes the country and t = (1990, …, 2011) denotes the time 
period; 𝜀𝜀𝑛𝑛𝑛𝑛 indicates the estimated residuals which characterize deviations from 
the long-run relationship; αi denotes the country’s specific fixed effect, and 𝑅𝑅𝐶𝐶𝐸𝐸𝑛𝑛𝑛𝑛 
is the error correction term derived from the long-run cointegration relationship. 
This modeling approach has several advantages. It allows us to incorporate time 
dimensions and geographical location into the analysis. As such, it can be better 
to alleviate collinearity and to control for the possible biases induced from omitted 
or unobserved variables than time series or cross-sectional. 
 
According to (Engle and Granger, 1987), a linear combination of two or more 
nonstationary series (with the same order of integration) may be stationary. If 
such a stationary linear combination exists, the series are considered to be 
cointegrated and a long-run equilibrium relationships exist. The linear 
combination can be written as follows: 𝑧𝑧𝑛𝑛 =  𝑥𝑥𝑛𝑛 − 𝑎𝑎 − 𝑏𝑏𝑏𝑏𝑛𝑛 where a and b are 
constant terms such that  𝑧𝑧𝑛𝑛   is stationary. This relation is the long-run equilibrium 
relationship and  𝑧𝑧𝑛𝑛   measures the deviation with respect to the equilibrium value. 
By using this method, we can check for long-run relationships that might exist, 
implying that the values of these variables will be pushed back to their equilibrium 
whenever they change, as well as investigate for any type of causality that might 
be present in this relationship. 
 

4. Data, empirical results, and discussions 
 
The analysis will be done on a panel of European OECD countries, namely 
Sweden, Norway, France. The data is collected form the 2016 World Bank 
Development Indicators online database, with an annual requency and is formed 
of GPD per capita, percentage share of renewable energy in total energy 
consumption and 𝐶𝐶𝐶𝐶2 emissions in metric tons per capita.  Because the data for 
renewable energy consumption does not have any values pre 1990, and not all 
the data after 2011 has been collected yet, the study will be limited to a total of 
22 years of observations. Due to the uneven nature of the data, it will be 
converted to natural logarithm before conducting the empirical analysis. The 
software package used for interpretations will be EViews. 
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 Descriptive statistics 
 
 The usual descriptive statistics are reported below for each of the explanatory 
variables. As can be seen, the Jacques-Bera statistic is showing signs that the 
sample data might not be normally distributed as the skewness and kurtosis are 
different from 0. 
 

 
 
GDP per capita is measured in constant US$2000, 𝐶𝐶𝐶𝐶2 emissions are measured 
in metric tons and renewable energy consumption is the share of renewable 
energy in total final energy consumption.  
 
Stationary tests: 
 
The only test presented here is that performed at first difference level for the 
variable 𝐶𝐶𝐶𝐶2. 
 

 

Panel unit root test done at first diference level. 

 
The results of the test (level) show that there is unit root in this time series. The 
P-values for all of the tests are higher than 5% significance level, so we cannot 
reject the null hypothesis which is: there is unit root in time series.  
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It can also be observed how the test in summary form yielded negative results in 
terms of unit roots because of the unusual nature of the data. 
 
The evidence shows that the analysis should be continued on the first difference 
of the time series. In the case of the unit root tests for the other two variables, the 
results are the same, showing significance at the 5% level for the first differences 
of GDP and Renewables. They indicate that all variables are not stationary at 
level, whereas, after first difference, all of them are stationary at the 5 % 
significance level. Automatic log selection based on Akaike Info Criterion (AIC). 
The rest of the tests for GDP and RE can be found in the appendix.  
 
Cointegration tests: 
 
Before running the regression model, we need to make sure that the time-series 
are not cointegrated. Hence, we use panel cointegration tests including Pedroni, 
Kao and Johansen. We check for long-run association between variables using 
three panel tests developed by (Pedroni,2004), (Kao, 1999), and (Johansen, 
1988). Two sets of cointegrartion tests classified on the within-dimension and the 
between-dimension are included within the Pedroni test. The first set is done over 
four statistics: v, rho, PP, and ADF. These statistics are classified on the within-
dimension and account for common autoregressive coefficients across the 3 
countries. The second set includes rho statistic, PP statistic, and ADF statistic. 
The later tests are classified on the between-dimension and evaluate the 
individual autoregressive coefficients for each country in the panel data set. In 
total, seven statistics for the cointegration tests reflect different aspects on the 
residual of the second equation for the error correlation term. 
 
 The null hypothesis assumes that there is no cointegration, at the same time as 
the alternative hypothesis assumes that there is cointegration between variables 
when real GDP is the dependent variable. The existence of a long-run 
relationship between variables has been tested in the case of intercept but not 
for intercept and trend. The results from those statistics show significance in all 
cases but the Panel V statisic. For the case of intercept, the results show that all 
the weighted statistics of the within-dimension are statistically significant and all 
the between-dimension statistics are statistically significant. According to this 
test, there is a long-run cointegration between variables. The results for the 
Pedroni test shows that we do have cointegration between our variables because 
all of the P-values are less than 5%, meaning that we can reject the null 
hypothesis and conclude that we can continue with the cointegration regression 
models.  
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The second panel cointegration test is based on the ADF statistic and was 
proposed by (Kao, 1999). The result of this test’s (ADF) P-value indicates that 
we can reject the null hypothesis of no cointegration between variables at the 
5 % significance level.  
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According to Johansen Panel cointegration test, the Fisher statistics are big 
enough to reject the null hypothesis under the assumption of a linear deterministic 
trend. After concluding the analysis of the three tests, it is now possible to say 
that cointegration between the variables has been found and it points towards the 
existence of a long-run relationship between the variables. 
 
 
Granger causality tests: 
 
First, the error correction model needs to be estimated. The authors, (Engle and 
Granger, 1987) suggest two stages in order to investigate the long or short-run 
relationships between the variables. Firstly, it handles the estimated residuals 
from the first equation while the second stage estimates the parameters related 
to short-run adjustments. The following regressions are the basis of this Granger 
causality test: 
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∆𝐺𝐺𝐺𝐺𝐺𝐺𝑛𝑛,𝑛𝑛 = 𝜃𝜃1,𝑛𝑛 +  ∑ 𝜃𝜃1,1,𝑛𝑛,𝑗𝑗 

𝑞𝑞
𝑗𝑗=1 ∗  ∆𝐺𝐺𝐺𝐺𝐺𝐺𝑛𝑛,𝑛𝑛−𝑗𝑗 + ∑ 𝜃𝜃1,2,𝑛𝑛,𝑗𝑗 ∗  ∆𝑅𝑅𝑅𝑅𝑛𝑛,𝑛𝑛−𝑗𝑗 +𝑞𝑞

𝑗𝑗=1
 ∑ 𝜃𝜃1,3,𝑛𝑛,𝑗𝑗 ∗

𝑞𝑞
𝑗𝑗=1 ∆𝐶𝐶𝐶𝐶2𝑛𝑛,𝑛𝑛−𝑗𝑗 + 𝛿𝛿1,𝑛𝑛 ∗ 𝑅𝑅𝐶𝐶𝐸𝐸𝑛𝑛,𝑛𝑛−1 + 𝜇𝜇1,𝑛𝑛,𝑛𝑛  - equation 3. 

 
∆𝑅𝑅𝑅𝑅𝑛𝑛,𝑛𝑛 = 𝜃𝜃2,𝑛𝑛 + ∑ 𝜃𝜃2,1,𝑛𝑛,𝑗𝑗 

𝑞𝑞
𝑗𝑗=1 ∗  ∆𝐺𝐺𝐺𝐺𝐺𝐺𝑛𝑛,𝑛𝑛−𝑗𝑗 + ∑ 𝜃𝜃2,2,𝑛𝑛,𝑗𝑗 ∗  ∆𝑅𝑅𝑅𝑅𝑛𝑛,𝑛𝑛−𝑗𝑗 +𝑞𝑞

𝑗𝑗=1
 ∑ 𝜃𝜃2,3,𝑛𝑛,𝑗𝑗 ∗

𝑞𝑞
𝑗𝑗=1 ∆𝐶𝐶𝐶𝐶2𝑛𝑛,𝑛𝑛−𝑗𝑗 + 𝛿𝛿2,𝑛𝑛 ∗ 𝑅𝑅𝐶𝐶𝐸𝐸𝑛𝑛,𝑛𝑛−1 + 𝜇𝜇2,𝑛𝑛,𝑛𝑛  - equation 4. 

 
∆𝐶𝐶𝐶𝐶2𝑛𝑛,𝑛𝑛 = 𝜃𝜃3,𝑛𝑛 +  ∑ 𝜃𝜃3,1,𝑛𝑛,𝑗𝑗 

𝑞𝑞
𝑗𝑗=1 ∗  ∆𝐺𝐺𝐺𝐺𝐺𝐺𝑛𝑛,𝑛𝑛−𝑗𝑗 + ∑ 𝜃𝜃3,2,𝑛𝑛,𝑗𝑗 ∗  ∆𝑅𝑅𝑅𝑅𝑛𝑛,𝑛𝑛−𝑗𝑗 +𝑞𝑞

𝑗𝑗=1
 ∑ 𝜃𝜃3,3,𝑛𝑛,𝑗𝑗 ∗

𝑞𝑞
𝑗𝑗=1 ∆𝐶𝐶𝐶𝐶2𝑛𝑛,𝑛𝑛−𝑗𝑗 + 𝛿𝛿3,𝑛𝑛 ∗ 𝑅𝑅𝐶𝐶𝐸𝐸𝑛𝑛,𝑛𝑛−1 + 𝜇𝜇3,𝑛𝑛,𝑛𝑛  - equation 5. 

 
 Δ symbolizes the first difference of the considered variable; the lagged ECT is 
the error correction term derived from the long-run cointegration relationship of 
the original regression and is defined by equation 2; q represents the lag length 
determined automatically by the Akaike Information Criterion (AIC); the vector 
autoregressive lag order selection shows that all criteria suggest a maximum 
number of one lag. 
 
The table below shows the results of the Granger causality test, in pairs of 
logged values. 
 

 
 
The only short-run Granger causality relationship visible is the one where GDP 
causes RE. A p-value that is under 5% means that we cannot reject the null 
hypothesis and unidirectional causality is present between GDP and Renewable 
energy. This result indicates that an increase in GDP affects Renewable energy 
share for the panel of 3 European OECD countries. Indeed, per capita GDP 
increase makes people more sensitive to the protection of the environment and 
incites to use fossil energy more efficiently and/or to use renewable energies. 
This result is consistent with the long-run finding of (Ozturk and Acaravci, 2010) 
and with the result of (Salim and Rafiq, 2012) 
 
The vector error correction model (VECM) is estimated below using Johansen’s 
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According to theory, the relationship is always positive, because of energy 
security concerns. 
 
Estimates for long-run  
 
The last step in the analysis in the estimation of the long-run coefficients of the 
first equation. The dependent variable is GDP per capita and 𝐶𝐶𝐶𝐶2 emissions and 
renewable energy consumption as the complementary independent variables. 
Because the techniques proposed by (Pedroni, 2004) are more efficient than 
the traditional ordinary least squares techniques, the coeficients will be 
estimated through FMOLS and DOLS and since the dependent variables are in 
log form, the estimated coefficients can be interpreted as long-run elasticities.  
 

 
 
Unfortunately, both of the models report p-values that are above the 5% 
significance level and therefore a long-run slope estimate or intercept cannot be 
trusted. The model’s failure to find the values could be explained by the lack of 
a clear long-run relationship between the variables, more specifically, between 
GDP and Renewables, most probably because of the ratio scale involved used 
for the share of renewable energy consumption. 
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5. Conclusions  
 
The Millennial Development Goals report of 2015 that summarized the 
achievements of the MDG’s, globally, reveals that some regions (Sub-Saharan 
Africa, Oceania and Western Asia) are under-developed in terms of 
Environmental Sustainability. According to the (IEA,2007) these regions show 
some of the smallest percentages of renewable energy consumed, relative to the 
rest of the world while at the same time recording relatively low standards of living. 
If these countries were to follow the sustainable example of developed European 
nations, it would require them to consistently re-invest a part of their expanded 
output into efforts that result in increasing the share of renewable energy 
consumption.  
 
The analysis carried out in this paper was based on 3 developed countries from 
the same region, Europe. It revealed only one causal unidirectional relationship 
going from GDP to Renewable energy. It means that an increase in GDP growth 
will result in growth of Renewable energy consumption. The test statistics that 
accounted for the climate change variable, 𝐶𝐶𝐶𝐶2 emissions showed the 
relationship with GDP to be very insignificant. The explanation can be found in 
the revised Kuznets curve that maps out environmental degradation against 
economic growth (Esteve V, Tamarit C, 2012b). It is because all the selected 
economies are in the optimization period, after peak 𝐶𝐶𝐶𝐶2 levels. Therefore, the 
expansion of the economy can also be offset by efficiency gains in energy 
consumption. Possibly, a matter of efficient green accounting for the respective 
populations that is influencing these results. 
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In contrast, a study that has been conducted over a panel of 5 countries from 
North Africa over the causal nexus of renewable energy, economic growth and 
𝐶𝐶𝐶𝐶2 emissions (Mehdi Ben Jebli, Slim Ben Youssef, 2015) finds there are both 
short-run and long-run unidirectional causalities running from CRW/capita, 
𝐶𝐶𝐶𝐶2/capita to GDP/capita as well as a short-run unidirectional causality from CRW 
to 𝐶𝐶𝐶𝐶2. Viewed through the prism of a Kuznets curve, it can be showed that these 
5 countries are at a point before peak levels of 𝐶𝐶𝐶𝐶2/GDP. A consequence is that 
causality will also be found between GDP and 𝐶𝐶𝐶𝐶2. Increasing the share of 
renewables will dampen the causality, possibly eliminating it when 𝐶𝐶𝐶𝐶2 levels 
from the energy market start falling. Such is the case for Sweden and Norway. 
  
The findings of this paper are in line with those of (Sadarosky, 2009) who applies 
the same methodology on a set of 18 emerging countries to find unidirectional 
Granger causality running from GDP to Renewable energy consumption. Within 
the SDG framework, countries experiencing high GDP growth should pay 
attention to renewables and reinforce their sustainable development plans in the 
absence of a growing rate of renewable energy usage as they reduce the energy 
dependency on fossil fuels, accounting for a cleaner environment and the well-
being of the rest of the world. 
 
Further confirmation comes from the abundant work of Apergis and Payne who 
apply the same methods over a much larger pool of data, first over 20 OECD 
countries and 13 from Eurasia, then secondly through the use panel error 
correction models over 6 counties in Central America and a more generalized 
study of 80 countries, finds bidirectional causality between GDP and Renewable 
Energy. Assuming that these authors have not been in any way biased, as the 
small number of observations in this study; and have given reliable descriptions 
over accurately collected data, then it would acceptable to say that Renewable 
energy growth is a reliable indicator for GDP growth sustainability.  
 
The findings of this study are in line with the conservation hypothesis which states 
that energy conservation policies would not reduce real GDP. A verified 
unidirectional Granger-causality from real GDP to renewable energy confirms this 
hypothesis. 
 
The last piece of evidence needed in support of these findings is an index 
showing that countries which have the highest renewable energy consumption 
rates are the ones that are contributing the most to human welfare. Something 
just like the Fossil Fuel Energy Efficiency Index (EEI), designed to assess the 
contribution of a country’s total fossil fuel consumption to human welfare. In 
absence of this index, the conclusion will be drawn on observations from Eurostat 
for share of renewable energy and the World bank for a list of most developed 
European countries by GDP. 
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7. Appendix 
Individual plots agains time periods for each of the variables (RE-renewable 
energy in % of total consumption, co2 in Kilotons and GDP per capita): 
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Remainder of the unit root tests (stationarity): 
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United Nation’s Sustainable development goals:  
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Overall share of energy from renewable sources. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2011-2012 
average 

2013-
2014 

average 
  

 
 
 

  
 

 
 

 
   

EU28 EU28 8,5% 9,0% 9,5% 10,4% 11,0% 12,4% 12,8% 13,1% 14,3% 15,0% 16,0% 13,7% 15,5%        
BE Belgium 1,9% 2,3% 2,7% 3,4% 3,8% 5,1% 5,5% 6,2% 7,2% 7,5% 8,0% 6,7% 7,8%        
BG Bulgaria 9,4% 9,4% 9,6% 9,2% 10,5% 12,1% 14,1% 14,3% 16,0% 19,0% 18,0% 15,2% 18,5%        
CZ Czech Republic 5,9% 6,0% 6,4% 7,4% 7,6% 8,5% 9,5% 9,5% 11,4% 12,4% 13,4% 10,5% 12,9%        
DK Denmark 14,9% 16,0% 16,4% 17,8% 18,6% 20,0% 22,1% 23,5% 25,6% 27,3% 29,2% 24,6% 28,2%        
DE Germany 5,8% 6,7% 7,7% 9,1% 8,6% 9,9% 10,5% 11,4% 12,1% 12,4% 13,8% 11,8% 13,1%        
EE Estonia 18,4% 17,5% 16,1% 17,1% 18,9% 23,0% 24,6% 25,5% 25,8% 25,6% 26,5% 25,7% 26,0%        
IE Ireland 2,4% 2,9% 3,1% 3,6% 4,1% 5,1% 5,6% 6,6% 7,1% 7,7% 8,6% 6,9% 8,2%        
EL Greece 6,9% 7,0% 7,2% 8,2% 8,0% 8,5% 9,8% 10,9% 13,4% 15,0% 15,3% 12,2% 15,2%        
ES Spain 8,3% 8,4% 9,2% 9,7% 10,8% 13,0% 13,8% 13,2% 14,3% 15,3% 16,2% 13,8% 15,8%        
FR France 9,4% 9,6% 9,3% 10,2% 11,1% 12,1% 12,6% 11,1% 13,4% 14,0% 14,3% 12,3% 14,2%        
HR Croatia 23,5% 23,8% 22,7% 22,2% 22,0% 23,6% 25,1% 25,4% 26,8% 28,1% 27,9% 26,1% 28,0%        
IT Italy 6,3% 7,5% 8,4% 9,8% 11,5% 12,8% 13,0% 12,9% 15,4% 16,7% 17,1% 14,2% 16,9%        
CY Cyprus 3,1% 3,1% 3,3% 4,0% 5,1% 5,6% 6,0% 6,0% 6,8% 8,1% 9,0% 6,4% 8,5%        
LV Latvia 32,8% 32,3% 31,1% 29,6% 29,8% 34,3% 30,4% 33,5% 35,7% 37,1% 38,7% 34,6% 37,9%        
LT Lithuania 17,2% 17,0% 17,0% 16,7% 18,0% 20,0% 19,8% 20,2% 21,7% 23,0% 23,9% 21,0% 23,4%        
LU Luxembourg 0,9% 1,4% 1,5% 2,7% 2,8% 2,9% 2,9% 2,9% 3,1% 3,6% 4,5% 3,0% 4,1%        
HU Hungary 4,4% 4,5% 5,1% 5,9% 6,5% 8,0% 8,6% 9,1% 9,6% 9,5% 9,5% 9,3% 9,5%        
MT Malta 0,1% 0,2% 0,2% 0,2% 0,2% 0,2% 1,1% 1,9% 2,9% 3,7% 4,7% 2,4% 4,2%        
NL Netherlands 2,1% 2,5% 2,8% 3,3% 3,6% 4,3% 3,9% 4,5% 4,7% 4,8% 5,5% 4,6% 5,2%        
AT Austria 23,3% 23,8% 25,3% 27,3% 28,2% 30,2% 30,6% 30,8% 31,6% 32,3% 33,1% 31,2% 32,7%        
PL Poland 6,9% 6,9% 6,9% 6,9% 7,7% 8,7% 9,2% 10,3% 10,9% 11,3% 11,4% 10,6% 11,4%        
PT Portugal 19,2% 19,5% 20,8% 21,9% 23,0% 24,4% 24,2% 24,7% 25,0% 25,7% 27,0% 24,8% 26,3%        
RO Romania 17,0% 17,6% 17,1% 18,3% 20,5% 22,7% 23,4% 21,4% 22,8% 23,9% 24,9% 22,1% 24,4%        
SI Slovenia 16,1% 16,0% 15,6% 15,6% 15,0% 20,0% 20,5% 20,2% 20,9% 22,5% 21,9% 20,6% 22,2%        

SK Slovak 
Republic 6,4% 6,4% 6,6% 7,8% 7,7% 9,4% 9,1% 10,3% 10,4% 10,1% 11,6% 10,4% 10,9%        

FI Finland 29,2% 28,8% 30,0% 29,6% 31,4% 31,4% 32,4% 32,8% 34,4% 36,7% 38,7% 33,6% 37,7%        
SE Sweden 38,7% 40,6% 42,7% 44,2% 45,3% 48,2% 47,2% 49,0% 51,1% 52,0% 52,6% 50,0% 52,3%        

UK United 
Kingdom 1,2% 1,4% 1,6% 1,8% 2,7% 3,3% 3,7% 4,2% 4,6% 5,6% 7,0% 4,4% 6,3%        

IS Iceland 58,9% 60,1% 60,8% 71,5% 67,5% 69,7% 70,4% 71,6% 73,2% 72,2% 77,1% 72,4% 74,6%        
NO Norway 58,1% 59,8% 60,3% 60,2% 61,8% 64,9% 61,2% 64,8% 65,9% 66,7% 69,2% 65,3% 67,9%        
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