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Abstract
What is sustainability? Does it only concern the environment or even socio-economic policies? It is only a question of ethics or a redefinition of industrial policy oriented towards the use of renewable energy, it can bring
benefits both atmospheric and social employment. The need for the development of renewable sources can be in tune with the correct management of
the territory in consideration of the fact that these sources involve the widespread implementation of small and medium-sized plants. A model of economic development based on renewable sources should respect the peculiarities and characteristics of the territories involved. It should also think of the
territory as a “value” to be strengthened and used in a sustainable and integrated way and no longer as a passive platform on which to install plants. Solar thermal and photovoltaic, biomass, geothermal, hydrological, wind power
are some of the sources the various countries must constantly invest. This
publication is based on these concepts starting from an analysis of the employment data of the OECD “Organisation for Economic Co-operation and
Development countries”, comparing them successively with the results of renewable energy productivity. The analysis was performed by analyzing a
sample of 22 countries over a period of 20 years, after which the regression
curve for the variables with the OLS method was created. This econometric
method has allowed us to analyze the impact that renewable technologies
have on the parameters of social welfare and in particular on unemployment.
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1. Introduction
Human needs are infinite and go beyond the concerns of income and expense.
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The representation of the well-being [1] of a country can not only be dictated by
economic measures, in fact it can even be misleading. It is important to outline
the importance of the link between economic growth and unemployment, starting from the centrality of economic growth with particular attention to social inclusion and environmental sustainability [2]. Today, more than ever, after years
of economic recession, every government must rethink its economic policy,
moving away from a vision geared solely to GDP. The economic challenge of
each country must be the use of policies oriented towards concrete improvement. Sustainability is a conception of development able to ensure the satisfaction of the needs of present generations without compromising that of future
generations [3]. This condition is realized when important economic variables
are respected such as the public budget and inflation and unemployment, and
that the environment is safeguarded. Until the early 2000s this condition was
mostly left in the background because the only priority was the improvement of
living standards. Today, however, this condition has become a necessity and an
emergency both because of the global warming and climate change, the ozone
hole, the melting of the glaciers, the pollution of the seas of energy saving and
the continuous difficulty of filling the gap. Unemployment in many parts of the
world, especially in the advanced countries the problem that is becoming predominant is the growing inequality that can be attributed to globalization and
new technologies, not only in income among people but also in business performance. We are facing with situations in which a few large companies are easily able to hire people, but mostly struggle to hire and rely more and more on tax
and tax incentives to hire new, perhaps productive ones.
From Figure 1 it seems clear that the situation of the prospects of global wellbeing is not encouraging, since 2012 the number of unemployed has gone from
little more than 190 million to almost 220 million. “For a correct assessment of
sustainability and social well-being it is important to identify indicators

Source: ILO Economic Trend.

Figure 1. Global unemployment.
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that indicate measures c to face the challenges and problems. Sustainability indicators identify relationships between the economy, environmental management and society and suggest approaches to tackling problems” [1].
Figure 2 shows the relationships between:
• the natural resource base provides the materials for production on which jobs
and profits depend;
• employment affects wealth creation, living standards and poverty rates;
• poverty concerns crime, social unrest and instability;
• the quality of resources, air and water affects health;
• the resources used for production influence profits.
“For example, health problems affect worker productivity and health insurance costs, and poor water quality before use in a process that requires clean water requires extra spending and lower profits associated with water treatment.
Many traditional indicators are not holistic, like the gross domestic product
(GDP), which measures the amount of money spent in a country. GDP is generally considered a measure of the economic well-being of a country, based on the
presumption that the greater the money spent, the greater the GDP and the better the economic well-being, although this indicator reflects only the amount of
economic activity, regardless of how this activity affects the social and environmental well-being of the community” [1].
Sustainability as clearly seen in Figure 2 is always the result of social, economic

Source: Sustainable Manufacturing and Design: Concepts, Practices and Needs “Marc A. Rosen and
Hossam A. Kishawy”.

Figure 2. Sustainability as the intersection of its three key parts, and examples of features
at the intersection of any two parts.
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and environmental variables. If countries are able to have high standards of
these factors, there is a good level of sustainability in the world [4].

2. Literature Review
Already at the beginning of the 70s Tibor Scitovsky argued that our economic
well-being is constantly increasing but as a result the population is no longer
happy. In some cases happiness and income do not vary together and within a
country, in fact there is not always a significant and robust correlation between
income and subjective well-being. Well-being in the broad sense has become the
subject of discussion in the academic field and a topic of reflection for policy
makers. The analysis and forecasting of economic phenomena required a constant effort to simplify the reality that has become increasingly complex over the
years. Already since the thirties, years of the Great Depression, the factors that
have led to the inclusion of increasing complexity are basically two: the Great
Recession triggered by the 2008 crisis which has led to a re-evaluation of the intuitions of the economist Hyman Minsky, one of the first scholars to consider
the importance of the financial sector to explain the business cycle; and the increased inequalities with economic developments [5]. A conceptual framework
proposed by the OECD and based on the Amartya Sen capacity approach defines
progress in terms of increasing fair and sustainable well-being. The quality of life
depends not only on the available economic resources, but also on other important variables [6]. Human well-being is divided into nine dimensions: income
and wealth, work and retribution, living conditions, health, life-work, education,
civic engagement, environmental quality and personal safety. Based on these
dimensions, the OECD used a set of indicators [7] to build the Better Life Index.
The search for an index that more accurately measures well-being leads to rethinking the role of indicators based mainly on income levels, the assessment, in
fact, cannot ignore the equitable distribution of material and immaterial resources, it is important to evaluate the index of Gini. In 1993 Stern estimated a
VAR for GDP, capital, labor, and a Divisia index of energy use, finding that
energy Granger caused GDP [8]. It is important to underline that the progressive
technological evolution inevitably generates problems of social sustainability
both in terms of employment levels and inequalities and above all of the training
needs of the workforce [9]. The interaction of human activities with the environment is continuous, inevitable. The developed countries have based their
model of economic growth on the diffusion of consumer goods and services that
require an intense use of energy, often to the detriment of the environment and
with little regard for the future availability of non-renewable energy sources [10].
For Ryder, historically Europe has focused on improving labor productivity
while neglecting energy and resource productivity. Over the last 50 years, labor
productivity has quadrupled, while energy has grown less than 25%. Green tech
is prevalently in the hands of SMEs, but both SMEs and larger companies have
the problem of finding workers with the right skills in the green economy.
DOI: 10.4236/jep.2018.911071
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As early as 1984 [3] [11], Parafit started talking about Social Welfare, identifying the highest level of well-being in the possibility of satisfying material, social
and psychological needs. In 1971 Rawls elaborated a more complex concept of
well-being by developing an index of primary goods that included rights, freedom and opportunity, income and wealth, and the basis of personal respect.
Harsanyi in 1996 hypothesized that an improvement in well-being, implicitly
and necessarily depends on an improvement in income that gives the opportunity to increase choice and satisfy more desires [12]. The concept of sustainability stems from the Brudland report of 1987 and was subsequently used in many
researches by elaborating more than 50 concepts of sustainability using a plurality of approaches [13]. In the mid-1970s, economists began to elaborate concepts
concerning the relationship between non-renewable resources and economic
growth, for example, the research of Solow in 1974, and Stiglitz in 1974 [14]
[15]. The aim of sustainable wellbeing is the possibility of avoiding a depletion of
resources also for future generations. In 1977 Hartwick hypothesized that the
depletion of resources is directly proportional to the level of capital investment
[16].
The economics literature contains several scientific researches that investigate
the impacts of renewable energy policies on employment [17] [18]. In 2006, Hillebrand studied the contribution of environmental sustainability policies to economic developers in Germany. Lehr et al. (2008) [13] use a similar model to demonstrate that the net effect of the renewable energy [19] support policies in Germany is positive, such that the policy lowers the long-run rate of unemployment.
Ragwitz et al. (2009), gives a further contribution to research, in fact, estimate that
EU-wide renewable energy support policies have generated a net positive impact
on employment [20]. Other studies employ a computable general equilibrium
model to assess the impacts of renewable electricity policies on employment.
Chontanawat et al. (2006) examined causality between energy consumption and
GDP [21] using data for 108 countries [22]. Bovenberg and de Mooij in 1994 [23]
use a simple general equilibrium model with labor-leisure choice to explore the
impacts of a labor to dirty goods tax shift on employment and non-environmental
welfare [24]. They find that the relatively narrow base of the environmental tax
implies that the dirty goods tax is more distorting than the labor tax, and results in
a fall in the real wage, and consequently a reduction in employment. Schneider in
1997 [25] studied the impact of unemployment, and concludes that a shift towards
environmental taxation is likely to reduce unemployment.
Figure 3 clearly shows that the production of renewable energy in the last few
years has grown more and more, especially in the Eastern countries and in the
OECD European countries.

3. Methodology
Research Question
• Is there a relationship between renewable energy and unemployment?
DOI: 10.4236/jep.2018.911071
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Source: International Energy Agency (IEA).

Figure 3. Global renewable energy production by region.

• Renewable energy will contribute to the development of a nation and especially the reduction of unemployment.
The methodology adopted [26] for this study followed the following step:
• Creation of a 1 panel with 11 OECD countries a bow time goes from 1990 to
2013.
Dependent Variable: Unemployment.
Independents Variables: Economics Variables and Renewable Energy Productions Variables.
For this panel is been adopted the following methodologies to analyze the relationships between the dependent variables and independent variables:
A—Creation of the regression curve for the variables with OLS Method [27].
To analyze the impact that renewable technologies have on parameters of social
well-being, and particularly on unemployment, in a sample of 11 OECD nations, it
was decided to use the least-squares OLS estimator which is a widely used model
to estimate parametric models. This model is very useful because it allows to reduce the square of the distances between the available observations [28] [29].
The β estimate is chosen to make the residues smaller. In this research, more
observations were analyzed over a period of 20 years, so the regression model
used is represented by the following [30] OLS model:
y=
β 0 + ∑ j =1 β j X ij
i
p

where y, which is the dependent variable, is represented by the unemployment
rate while β is the estimator vector [31] [32].

3.1. Data Set Analysis
The Data Set Analysis in formed on 11 OECD countries. The countries included
in the OECD group are fairly homogenous. The dataset constructed combines
different sources. For the energy sector, we collected data on energy balances
DOI: 10.4236/jep.2018.911071
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from the publications of the OECD, data that contains annual data on final
energy consumption for the whole economy and for major sectors such as industry, commerce and public services, transport and residential sectors. All information on the economic performance in the different sectors is taken datasets
from the World Bank World Development Indicators (WDI), from IEA Statistic
Database (Energy Balance of OECD Countries), from World Energy Council
(Energy Efficiency Indicators database), from IRENA database, from REN 21
Database and from World Employment Social Outlook.
OECD: Norway, Australia, United States, Netherlands, Germany, Ireland,
Sweden, Switzerland, Japan, Italy, Mexico.

3.2. Indicators
The indicators used, can be divided into two categories. In the first category are
economic indicators that are intended to inform on the progress of an economy.
In the second category we find energy indicators belonging both to renewable
energies and fossil energy. In the panel the following variables have been included: UNEMPLOYMENT as dependent variable and Terms of trade adjustment, Net of Hydropower Production, Net production of Biomass Energy, Net
of Wind Production, Net of Solar Energy Production, Gross Heat Content of
Biomass and Waste Electric Power, Gross Heat Content of Geothermal Electric
Power, Gross Heat Content of Hydroelectric Power, Gross Heat Content of Hydroelectric Power, Gross Heat Content of Solar Electric Power, Gross Heat Content of Wind Electric Power, GDP and Foreign direct Investment as independent
variables. All variables used for the research model are showed in Table 1. Each
variable was analyzed with a unit of measurement in line for all, and each was
retrieved from reliable and certified sources such as the World Bank and the U.S.
[33] Energy Information Administration (EIA) [34].
The Panel created, gave satisfactory results, in fact, showed that there are no
missing observations. Thanks to the use of the model Panel, the degrees of freedom obtaining a Panel (N*T) observations increased which, thus allowed the estimation of further observations [35] [36].

4. Analysis of Relationship between Unemployment and
Renewable Energy Variables
Table 2 shows the specifications of orders and deterministic part of the OLS [37]
model through various analyzes that are more suitable results to pursue the object of study, in particular for tracked observations. It can easily notice that already in the OLS model is a clear inverse relationship between the variable
UNEMPLOYMENT and SEP.
The model is also very reliable because the p-value of the different variables is
particularly low, while R-squared is high.
From this graph it became clear that there isn’t an inverse relationship between
unemployment factor and solar. In fact:
DOI: 10.4236/jep.2018.911071
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Table 1. Variables list.
VARIABLE

TYPE

Unemployment

Economic

Terms of tradeadjustment

Economic

Direct Investment

UNITS OF MEASUREMENT

ACRONYM

SOURCE

UNM

WorldBank
ILO estimate

Constant LCU

TAD

WorldBank

Economic

Million Dollar

FDI

WorldBank

GDP

Economic

Million Dollar

GDP

WorldBank

Net of Wind Energy Production

Energy

Billion Kilowatthours

WEP

Eia

Net of Solar Energy Production

Energy

Billion Kilowatthours

SEP

Eia

Gross Heat Content of Biomass and Waste Electric Power

Energy

BTU Per Kilowatt hour

GHB

Eia

Gross Heat Content of Geothermal Electric Power

Energy

BTU Per Kilowatt hour

GHG

Eia

Gross Heat Content of Hydroelectric Power

Energy

BTU Per Kilowatt hour

GHH

Eia

Gross Heat Content of Solar Electric Power

Energy

BTU Per Kilowatt hour

GHS

Eia

Gross Heat Content of Wind Electric Power

Energy

BTU Per Kilowatt hour

GHW

Eia

Energy Consume

Energy

Quadrillion_Btu

EC

Eia

Natural Gas Production

Energy

Billion Cubic Feet

GP

Eia

Total Oil Supply

Energy

Thousand Barrels Per Day

OSS

Eia

Total Primary Coal Production

Energy

Thousand Short Tons

TCP

Eia

Total Energy Import

Energy

TEI

Word Bank

Table 2. OLS method.
Pooled OLS, using 236 observations
Included 12 cross-sectional units
Time-series length: minimum 19, maximum 20
Dependent variable: UNEMPLOYMENT
Coefficient

Std. Error

t-ratio

p-value

Result’s accuracy

HDP

3076.09

1327.9

2.3165

0.0214

**

BMP

58,900.8

11,288.3

5.2178

<0.0001

***

SEP

−83,333.1

25,768.5

−3.2339

0.0014

***

WEP

32598.9

5465.72

5.9642

<0.0001

***

FDI

−9.01882e − 06

1.72661e − 06

−5.2234

<0.0001

***

GDP

4.47787e − 07

6.20974e − 08

7.2110

<0.0001

***

*(Good); **(Great); ***(Excellent).

Mean dependent var

1,921,288

S.D. dependent var

2,844,322

Sum squared resid

2.15e + 14

S.E. of regression

967,358.6

R-squared

0.922365

Adjusted R-squared

0.886792

F(6, 230)

455.4329

P-value(F)

1.3e − 124

Log-likelihood

−3584.459

Akaike criterion

7180.919

Schwarz criterion

7201.702

Hannan-Quinn

7189.296

Rho

0.854096

Durbin-Watson

0.301274

Non-linearity test (squares)-Null hypothesis: relationship is linear; Test statistic: LM = 64.5237; with
p-value = P (Chi-square (6) > 64.5237) = 5.39659e − 012.
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• SEP (Solar Energy Production): Coefficient −83,333,1 with ***.
While all other variables (Hydroelectric, Geothermal and Wind) have a positive value and then means they have a direct relationship.
Furthermore, is important the direct relationship between GDP and Unemployment, because it evidence that there isn’t positive impact between Renewable Energy Variables, and Unemployment.

5. Conclusions
Equity, distribution, health, education, environmental sustainability are now recurrent concepts in the economic debate and not just political. Today, talking
about sustainability is also equivalent to saying new investments and new profitable businesses; just think of the Tesla case which imposed the electric motor as
the standard of the future for all the major car manufacturers in the world. A
growing share of global financial investments is occupied by jobs in sectors and
businesses that use sustainability as a selection criterion for their activities, based
on social and governmental environmental factors.
This research focuses on socio-political aspects related to the energy sector
over a 25-year period in OECD countries such as Norway, Australia, United
States, Netherlands, Germany, Ireland, Sweden, Switzerland, Japan, Italy, Mexico. In the processed data panel, we have related, as a dependent variable, the
level of unemployment, while as independent variables, energy and economic
ones, to study the impact they have on the economic growth of non-OECD
countries.
The literature shows that the increase in unemployment mainly depends on
economic variables such as GDP [38] [39]. In this research, the effects of GDP
have been isolated with an OLS analysis that shows a direct relationship between
the variation in GDP and the unemployment rate, in this way we have been able
to isolate the effects of these ones by giving greater importance to energy variables.
OLS model has a relevant significance on all energy variables, in particular it
is inferred that there is a Reverse relationship between Unemployment and Solar
Energy with a p-value 0.0014. This last result is demonstrated by the fact that for
both energy sources, considered as chain and working sub-sectors, also have effects on the level of unemployment, particularly on medium skilled workers.
GDP does not affect unemployment, as the variation in GDP has had a significant impact mainly on capital intensive sectors, but investment change has a
positive impact on unemployment. Concluding, it is possible to confirm that renewable energy from biomass and solar energy creates indirect and induced effects that have a positive effect on the OECD countries’ economies, and in particular contribute to the reduction of unemployment. Given the result of this
work and pointing out that Solar sectors have a positive effect on the unemployment rate, the indication of Policy on the countries involved calls out for a
strengthening of investments in these sectors as each investment in this imply a
DOI: 10.4236/jep.2018.911071
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Reduction of Unemployment.
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