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Abstract— In recent years, the global financial crisis on the one 

side and the environmental challenges, especially the global warming 
and climate change on the other, have collectively faced the 
international community with major problems. Using fossil fuels as a 
major source of energy production has an important role in 
greenhouse gas emissions and global warming. This pattern has 
caused the natural resources depletion and wide range of 
environmental problems. In contrast, the concept of "Green 
Economy" attempts to find a way for solving the contradiction 
between the economic growth, the resources depletion and 
environmental challenges.  

This article exhibits an endeavor to evaluate the various sources of 
energy "availability" and "accessibility" with the Green Economy 
tools in mind, and proposes suitable potentials considered fit for Iran 
in coherence with Green Economy concept. 
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I. INTRODUCTION 
INCE the beginning of the industrial revolution, human has 
been burning fossil fuels to increasingly improve his 

livelihood. This growth has been associated with ever greater 
use of materials and energy, resulting in considerable damage 
to the natural environment. Over the last forty years, concerns 
have increased over this path which leads to unsustainable 
development, dramatic potential impact of climate change and 
resource depletion [1]. For example, electricity generation 
which is one of the welfare indicators in each country is 
associated with extensive use of fossil fuels such as coal and 
natural gas. As a result, carbon dioxide concentration has been 
increased to 392 ppm by volume as of 2011 from preindustrial 
concentration of 280 ppm. Intergovernmental Panel on 
Climate Change (IPCC) predicts that business as usual will 
increase carbon dioxide concentration to the range of 500-
1000 ppm until the year 2100 [2]. With increase of concerns 
about climate change and global warming, more attention has 
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been paid toward the greenhouse gas (GHG) emission from 
different sources and how this problem can be controlled by 
policymakers and international organizations. So it is 
necessary to estimate the amount of consumed fossil energy 
sources in each country, GHG emissions in energy sector, 
accessible potentials and economic situation and then, attempt 
to substitute clean and low carbon technologies for dirty and 
non- environment friendly fossil fuels. During the last three 
years, the concept of Green Economy has moved into the 
mainstream of policy discourse. The phrase "Green Economy", 
which means the efficient use of natural resources, has evolved 
to refer to an economy which has reduced adverse impacts on 
global environment – air, water, biodiversity and climate [1]. 
This paper attempts to address energy consumption and carbon 
dioxide emissions in Iran with emphasis on 3E's concept and 
then evaluate clean and renewable sources of energy by green 
economy tools. This evaluation can be used for reforming 
policies or introducing new market-based mechanisms, 
strengthening market infrastructure, redirecting public 
investment and phasing out the harmful subsidies by 
government as an example for the global communities. 

II. ENERGY AND CLIMATE CHANGE 
The only way to deal with side effects of climate change is 

by reducing fossil carbon emissions in the atmosphere, which 
in turn means reducing reliance on the burning of fossil fuels. 
According to the latest estimates by International Energy 
Agency (IEA) (released 30/5/2011), carbon dioxide emissions 
in 2010 were the highest in history of the world [3]. Energy 
related carbon dioxide emissions in 2008 for Iran was 
estimated to be about 511.2 million tons that natural gas, oil 
and coal contribution were 52%, 47% and 1%, respectively. 
Therefore, carbon dioxide emission is estimated about 7.78 
tons per capita at 2008 in Iran [4]. Figures 1 and 2, show the 
carbon dioxide emission and per capita of that for Iran during 
recent years. 

The World Bank report in Human Development Index 
(HDI) argues that the annual production of energy in Iran, with 
79% growth in comparison with 1990, reached 323 million ton 
barrels of oil that set Iran as the 8th energy producer in the 
world. During this period, per capita of energy consumption in 
Iran shows 107% increase.  

The rate of consumption of energy carriers during 1980 to 
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2006 periods has been about 1.98% in the world and 6.3% in 
Iran, more than three times of the global rate. Continuing this 
trend for coming years will face the country with serious 
challenges in energy consumption and GHG emissions. 

Therefore, accurate and proper analysis of prevailing 
situation with regard to the concept of "green economy" 
should be placed at the top of the investment planning of the 
government to achieve reduction in energy consumption and 
mitigate the emission of GHGs accordingly. 

 
Fig 1.  Carbon Emissions in Iran [5] 

III. ECONOMY, ENVIRONMENT AND CLIMATE CHANGE 
The economic growth and development is particularly due 

to energy consumption in any society. The patterns of energy 
use of individual countries reflect the accumulation of policy 
choices and have significant impacts on the environment, 
locally and globally [6]. 

In its simplest expression, economic growth refers to an 
increase in the capacity of an economy to produce goods and 
services, compared from one period of time to another. 
Economic growth is measured as a percentage change in the 
Gross Domestic Product (GDP) or Gross National Product 
(GNP). 

 
Fig 2.  Carbon Emission Per capita Estimates in Iran [5]  

As these concepts show, the traditional economy which 
attempts toward high profit and high consumption, has caused 
the natural resource depletion and a series of environmental 
pollution [7]. 

All of energy carriers are involved in GHG emissions and 
climate change phenomena, but they are different in terms of 
emission levels and energy production. Fossil fuels such as 
coal, oil and natural gas are more polluting than renewable 
energy resources. However economic costs interfere as an 
obstacle on the way of clean energy development. UNEP1 
defines green economy as one that results in improved human 
well-being and social equity, while significantly reducing 
environmental risks and ecological scarcities [8]. In addition, 
the main indicators of economic performance, such as growth 
in GDP, need to be adjusted to account for pollution, resource 
depletion, the declining ecosystem services and the 
distributional consequences of natural capital loss to the poor 
[9] . 

At its most basic level, the green economy is the clean 
energy economy, consisting primarily of four sectors:  

• Renewable energy (e.g. solar, wind, geothermal)  

• Green building and energy efficiency technology, 

• Energy efficient infrastructure and transportation   

• Recycling and waste to energy [10]. 

Using renewable energies and low carbon technologies 
come as a major subdivision of green economy. Because on 
one hand, the main part of emissions occurs during energy 
extraction and on the other hand, investment in this sector will 
require substantial financial resources which seem so difficult 
or impossible without public support. The costs of energy 
production by renewables are much higher than fossil and dirty 
fuels. As a result, understanding existing capacities, evaluation 
of optimized choices and appropriate policies for energy sector 
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can be vital towards development of low carbon products and 
processes. 

The next section analyzes the various sources of renewable 
energy, with regard to green economy and introduces suitable 
potentials considered fit for Iran in coherence with green 
economy concept. 

IV. EVALUATION OF RENEWABLE RESOURCES WITH EMPHASIS 
ON GREEN ECONOMY  

For environmental assessment of a technology, it is 
necessary to consider all the related emissions during different 
implementation phases (e.g. construction, operation and 
decommissioning). 

The Life Cycle Assessment (LCA) is one of the most 
appropriate methods for evaluation of emissions, because this 
method considers all processes and associated emissions in the 
upstream (e.g. fuel exploration, mining, fuel transport) and the 
downstream (e.g. decommissioning, waste management and 
disposal) as well as direct emissions and report the sum of 
emissions from all life cycle stages as cumulative emission. 

A. Nuclear Energy 
Nuclear energy is the use of sustained nuclear fission of 

uranium or other radioactives to generate heat. This then is 
used to heat water and make steam to drive turbines and 
generators and generate electricity. Nuclear power plants 
provide about 6% of the world's energy and 13–14% of the 
world's electricity [11]. 

The cost of nuclear power plants is so high because they 
need complicated protective mechanisms to prevent the spread 
of radioactive rays. Although the cost of a nuclear plant is 
more than other types of power plants, but this systems are 
more efficient in comparison with fossil fuel plants. The cost 
of electricity production from a nuclear power plant is 
estimated about 11.1- 14.5 Cents/kW.h. Differences in GHG 
emissions of nuclear resources can be attributed based on 
enrichment technology used and nuclear technology type 
(LWR2, PWR3 and BER4). Unlike fossil fuel power plants, the 
majority of emissions are related to the upstream stages and 
technology cycle and put in the range of 1.5-20 gCO2/kWhe. 
Downstream activities such as decommissioning and waste 
disposal contribute in 0.46- 1.40 gCO2/kWhe of GHG 
emissions. Cumulative emissions of this source of energy lie 
between 2.8-24 gCO2/kWhe [12]. 

B. Solar Energy 
The solar energy that uses incoming solar radiation to 

generate electricity is one type of renewable energy. Solar 
energy technologies include direct (PV5) and indirect (CSP6) 
methods.  

 
2  Light Water Reactor 
3 Pressurized Water Reactor 
4 Boiling Water Reactor 
5 Photovoltaic 
6 Concentrated Solar Power 

Based on studies, solar energy is the world's broadest source 
of renewable energy and currently supplies approximately 
0.8% of the global electricity demand. Solar power has been 
expensive, because it needs silicon, but once the silicon 
shortage is remedied through alternative materials, a solar 
energy revolution is expected. Electricity production by solar 
systems costs about 15-54 Cents/kW.h and it is expected to 
drop as low as 3.5 Cents/kW.h in the future.   

The PV systems emit between 43-73 gCO2eq/kWhe over the 
whole GHG life-cycle. The significant GHG emissions happen 
in upstream of energy production and other processes like 
operation but end of life and transport activities do not causes 
meaningful GHG emissions.  

C. Wind Energy 
Wind is currently the only cost-effective alternative energy 

method that may be used widely in many countries and 
supplies approximately 1.4% of the global electricity demand. 
The cost of energy production is attributed to environmental 
parameters as well as the used technology. Increasing the size 
of turbines will lead to power increase and a reduction in price 
of energy produced, although there is some restriction on the 
choice of large systems. Using such turbines which work in all 
wind speeds would be more expensive. So common systems 
can work at special speeds and use backup systems for other 
cases. The investment costs, farm's income, payback period, 
the price of electricity and the cost of repair and maintenance 
are some economic indicators of this technology. Harnessing 
wind power to generate electricity has changed significantly 
over the last two decades so that with increase of performance 
and reliability steadily, the costs declined by more than 85%. 
As a result of the improved economics, wind energy has 
become one of the fastest-growing energy sources available. 
During 1975 the cost of per kilowatt hour electricity was about 
30 US Cents that currently it decreased to 4-16 Cents. While 
the investment cost of wind energy is estimated at about US $ 
2,000 per kilowatt hour, about three-quarter of investment 
would be spent for equipments and the remaining for 
preparation of plant, installation and commissioning. Among 
various industries, employment of wind energy has better 
circumstances. The installation of wind systems in Europe 
makes jobs for about 15 to 20 people per Mega Watt 
electricity that this amount can be twice in developing 
countries. The time horizon of the wind turbine is estimated 
about 20 years. 

Wind turbines emit about 72 to 90% of cumulative emission 
of GHGs during turbine production and plant construction and 
10 to 28% of emissions would be arise during O&M, 
decommissioning, transport of materials and turbine. 
Typically, offshore turbines have higher emissions than 
onshore turbines given equal capacity factors (or wind 
conditions), due to the high level of emissions associated with 
the foundation, connection and erection for off shore turbines 
[13] which lie between 8-30 gCO2eq/kWhe for onshore, and 9-
19 gCO2eq/kWhe for off shore turbines [12]. 
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D. Hydro Power 
Electricity generation by water flow, hydro power, is 

currently the only source of renewable energy that makes 
substantive contributions to global energy demand. Hydro 
power supplies around 19.9% of the global electricity demand 
and is considered to be 60% reliable. Hydro plant can only be 
built in a limited number of places (obviously), and 
significantly damages to aquatic ecosystems. The majority of 
emissions arise from production and construction and stages 
(especially for reservoir dams) which placed in the range of 2-
9 gCO2eq/kWhe. Land clearance prior to construction and 
flooding biomass and soil are the main causes of GHG 
emissions in upstream. Overall the amount of GHG emissions 
depends on reservoir size, type and amount of flooded 
vegetation cover, soil type, water depth, and climate and lie 
between 1-34 gCO2eq/kWhe. However, due to low price of 
electricity generation of this system (5.1-11.3 Cents/kW.h), 
there are many interests toward hydro power. It is predicted 
that the rate of energy production of these systems will be 
remain constant for coming years.  

E. Biomass 
Municipal Solid Waste (MSW) -more commonly known as 

trash or garbage- is considered as an environmental challenge 
in each country. Nowadays in many countries, municipal solid 
wastes are disposed by engineering methods in landfills. 
Studies show that direct burning as a fuel or extraction of 
methane from this volume of MSW can be considered as an 
option for energy production. Systematic disposal of MSW in 
landfills can produce about 200-480 kWhe/ton. In addition, 
agricultural wastes, human sewages, livestock manure, crop 
residue and so on can be burned as a fuel for electricity 
generation purpose. Energy costs of this system will be varied 
due to raw material that be used. The estimated cost of 
generating electricity from biomass ranges from 3 to 16 
cents/kWh. 

The greenhouse gas emission of biomass systems mainly 
attributed to energy intensity of the fuel, the bio fuel 
properties, plant technology and its specific thermal 
conversion efficiency. The range of emissions for biomass 
systems is estimated between 35-99 gCO2eq/kWhe [12].  

Biomass is commonly stated as a "carbon neutral" system 
because burning the biomass returns the CO2 that was 
absorbed as the plants grew to the atmosphere and releases the 
energy. 

F. Geothermal Energy 
Geothermal is another renewable source of energy is using 

heat underground. In this method, thermal energy of the earth 
changes to electricity. Today, with development of new 
technologies, energy would be produced in lower 

temperatures, with less cost and limited excavation. In 
geothermal systems, larger plants or higher temperature of 
drilling point led to less cost for per kWh. Cost may also be 
affect by where the drilling is to take place as concerns 
distance from the grid and another factor may be the 
permeability of the rock. Geothermal systems are considered 
90-95% reliable and currently supplies approximately 0.23% 
of the global electricity demand. The cost of electricity 
generation in this system is very variable and depending on the 
location lie between 4.5-30 Cents/kWh. The Carbon dioxide 
emissions in geothermal system are estimated around 90 
gCO2/kWhe [14]. 

V. DISCUSSION OF RESULTS 
Although fossil fuels are placed in a bad situation in the 

terms of GHG emissions, but economic aspects and low cost 
of energy production by coal, oil and natural gas causes that 
the main approaches be toward using dirty and fossil 
resources. During recent years environmental challenges such 
as climate change, created a suitable background for 
investment on renewable energy. As illustrated in table I, wind 
and biomass are the most appropriate choices among 
renewable resources in cost of electricity generation and GHG 
emission point of view. For Iran, by consideration of climatic 
and geotechnical positions, nuclear power, hydro and wind are 
the cleanest systems and for economic approach, using wind 
energy is lowest. According to the estimates, the economic 
potential of Iran for energy production by wind is about 
20,000 MW that this amount of clean energy has a significant 
impact on GHG emission reduction. In addition, Iran has more 
than 300 sunny days in a year and about 4.5-5.5 kWh/m2 that 
would be a great potential for energy production.  

VI. CONCUSSION 
Hence, from a "Green Economy" perspective, it would be 

concluded that within the basic framework application of 3Es 
tool, in only the energy sector, one would suggest, at global 
level, to immediately steer away from highest carbon content 
fuels, with high GHG emissions to low carbon technologies 
leading to renewables with lowest adverse impacts such as 
solar and wind. 

Besides having addressed the two major players within 
energy demands for the global community, i.e. availability and 
accessibility, in order to remain in coherence with the "Green 
Economy" context that entails "affordability", the human well-
being reduced inequalities may intrinsically be covered in the 
long run, whilst not exposing future generations to significant 
environmental risks and ecological scarcities. However, 
changes in the life-style and redefining welfare remain an 
essence. 

Table I. Renewable energy modality comparison with emphasis on green economy 

Energy 
source 

Cents/kW-h 
Plant 

emissions 
Cumulative 
emissions 

Prospects 
emissions Emission stages 

(gCO2/kWhe) (gCO2/kWhe) (gCO2/kWhe) 
Nuclear 11.1-14.5 2.8-24 2.8-24 - Upstream & technology 
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Solar 15-54 43-73 43-73 43-62 Construction 
Wind 4-16 8-30 8-30 - Construction 
Hydro 5.1-11.3 1-34 1-34 - Construction 
Biomass 3-16 - 35-99 - Carbon neutral 
Geothermal 4.5-30 90 90 - The process 
Lignite - 1100-1700 800-1700 800 Combustion 
Coal 4.8-5.5 800-1000 950-1250 750-850 Combustion 
Oil Variable 500-1200 500-1200 - Combustion 
Natural Gas 3.9-4.4 360-575 - 400 Combustion 
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