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Abstract

In this research the past and the future of nuclear energy is studied while investigating the history behind this science.
Introducing the renewable energy, this type of energy is compared to nuclear energy. We have investigated the advantages and
disadvantages of renewable energies and nuclear energy. Finally, as an example the Lt desert of Iran is presented and high
potentials of this region for solar energy production are studied.
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1. Introduction

One of the most important challenges of the next century
according to several references is the energy challenge. This
challenge is investigated in some fields. Production, safety,
renewability, transportation, environment, economics and
technology are some fields which are important about energy
challenge. Due to population increasing and decreasing fossil
fuel reserves, research and development about new resource
of energy is seem necessary. Surely, production of energy
depends to the time, place, climate and environment
conditions. Using of solar cell in sunny places, wind turbine
in windy places or production of hydroelectric energy in
places with high water level is suitable. Some type of
energies has ability for production in almost all places such
as fossil fuel but this type of energy is dirty and harmful for
environment and also will terminate in near future. Nuclear
energy is rather clean but it has two important challenges.
The risk of nuclear accident and nuclear waste is the first
important challenge. The second one is dangerous of nuclear
weapons and the probability of using these types of weapons
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by some governments. However, each type of energy has
some advantages and disadvantages.

In view of the above considerations study and research about
energy in all fields according to the demand of energy is
necessary. Production of energy by several ways is
introduced due to this important demand. Therefore, energy
studies must include several factors. Comparing and selecting
suitable energy for every region is the subject of some
research. In the present study comparing between nuclear
energy and renewable energies especially solar type in Iran is
investigated.

2. History and the Past

Uranium was discovered in 1789 by Martin Klaproth who
was a German chemist. This element was named after the
planet Uranus [1]. In 1902 Ernest Rutherford showed that
radioactivity is a spontaneous event emitting an alpha or beta
particle from the nucleus which created a different element
[2]. By 1911 Frederick Soddy discovered that naturally-
radioactive elements had a number of different isotopes
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(radionuclides), with the same chemistry [3]. In 1932 James
Chadwick discovered the neutron [4]. Also in 1932
Cockeroft and Walton produced nuclear transformations by
bombarding atoms with accelerated protons [5], then in 1934
Irene Curie and Frederic Joliot found that some such
transformations created artificial radionuclides [6]. The next
year Enrico Fermi found that a much greater variety of
artificial radionuclides could be formed when neutrons were
used instead of protons [7].

Fermi continued his experiments, mostly producing heavier
elements from various target radionuclides; however, with
Uranium he managed to produce some much lighter ones. At
the end of 1938 Otto Hahn and Fritz Strassmann in Berlin
showed that the new lighter elements were barium and other
radionuclides which were about half the mass of Uranium,
thereby demonstrating that atomic fission had occurred [8].
Lise Meitner and her nephew Otto Frisch, working under
Niels Bohr supervision explained this phenomenon by
suggesting that the neutron was captured by the nucleus. This
can intensify vibrations leading to the nucleus splitting into
two not quite equal parts. They calculated the energy released
from this fission which was circa 200 million electron volts.
Frisch then confirmed this figure experimentally in January
1939 [9].

This was the first experimental confirmation of Albert
Einstein's paper putting forward the equivalence between
mass and energy, which had been published in 1905 [10].

These 1939 developments sparked inspiration in many
laboratories. Hahn and Strassmann showed that fission not
only released a lot of energy but that it also released
additional neutrons. Released neutrons could cause fission in
other Uranium nuclei and possibly self-sustaining chain
reactions which leads to an enormous release of energy [11].
This suggestion was soon confirmed experimentally by Joliot
and his co-workers in Paris, and Leo Szilard working with
Fermi in New York [12].

2.1. The Present

A nuclear reactor produces and controls the release of energy
from splitting the atoms of certain elements. The most
common fissile nuclear fuels are Uranium -235 (*°U) and
plutonium-239 (*’Pu). The actions of mining, refining,
purifying, using, and ultimately disposing nuclear fuel
together make up the nuclear fuel cycle. In a nuclear power
reactor, the released energy is used as heat to make steam in
order to generate electricity. For most of reactors, the
principles of using nuclear power for electricity production
are the same. The released energy from continuous fission of
the fuels’ atoms is harnessed as heat in either a gas or water
which is used to produce steam. The steam is used to drive

the turbines in order to produce electricity (as in most fossil
fuel plants).

2.2. The Future

Due to the completion of fossil fuels in the near future (Fig 1
[13]), the need to produce energy through nuclear power and
renewable energy increased.
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Fig. 1. prediction of fuel fossil reserve.

Renewable energy has several definitions. For example
TREIA"s definition of renewable energy has been adopted
by the Texas legislature, and is as: "Renewable energy: Any
energy resource that is naturally regenerated over a short time
scale and derived directly from the sun (such as thermal,
photochemical, and photoelectric), indirectly from the sun
(such as wind, hydropower, and photosynthetic energy stored
in biomass), or from other natural movements and
mechanisms of the environment (such as geothermal and
tidal energy). Renewable energy does not include energy
resources derived from fossil fuels, waste products from
fossil sources, or waste products from inorganic sources."

One of the most important advantages of these types of
energies is low carbon production. The rate of production of
nuclear, solar, and wind energy from 1965 until 2013 is
brought in Fig 2 ([38]).

3. Comparison Between
Renewable Energy and
Nuclear Energy

Some advantages and disadvantages of nuclear energy are as:
* Carbon-dioxide free (Environment Friendly) [14]

* Lower costs compared to some types of renewable
energies such as solar energy [15]

* Problem of nuclear waste disposal [16-20]

1 - Texas Renewable Energy Industries Association
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* High capacity of energy production considering the small
area needed [21, 22]

* Potential political limitations [23-25]
* High risk in terms of safety [26, 27]

* Diversity in types of reactors and related technologies [28-
30]

* Ability of utilizing waste for fuel production in breeder
reactors [31, 32]

* Exhaustible fuel sources [33]
* The absence of nuclear fuel mines in all countries [34]

* Bothersome production of nuclear fuel cycle [35-37]
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Fig. 2. World low carbon energy consumption.

Some advantages and disadvantages of renewable energy are
as:

¢ Elimination of greenhouse gases [39-42]
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* Convenient access [43-45]
* Low capacity production considering the area needed [46]
* Direct potential impact on the family economy [47]

* No limitations in the capacity of power plants (Domestic
production) [47]

* Low maintenance costs [48, 49]

* Clean source of energy without any waste and Pollution
[50]

* Accessible energy forms almost in all countries [51-56]

4. The Future of Renewable
Energy in the World

Decreasing fossil fuel reserves [13] and declining the costs of
renewable energy [57] (Fig. 3 [57]) makes a growing future
for renewable energy. New generations of nuclear reactors
are also on the rise. But as we know, some of the nuclear
accidents have reduced governments tendency to use nuclear
reactor for nuclear power production. Because of this it is
expected that the application of nuclear technology in the
fields of non-energy application will surpass from its energy
application in the future. Instead, infinite sources of
renewable energy are the main reason for development of
renewable power plants in future.
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Fig. 3. Levelised cost ranges for renewable power generation technologies, 2012 and 2020.
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As already mentioned the many benefits renewable energy
has led to an increase in the share of this type of energy in the
future.

5. The Future of Renewable
Energy in Iran

In recent years due to US and UN sanctions of nuclear power
for Iranian government and the fact that fossil fuels are
ending in Iran and the world, special attention to the
renewable energy seems essential in Iran. Geography and
climate of Iran, has put Iran among the most talented
countries for electricity generation with renewable energy.

The big desert of Lit with the area of 5400 km” is situated in
the east and southeast of Iran in Kerman province in the edge
of Shahdad town. At the main part of this Lt desert, there is
no flora and fauna of any kind. Lat desert is a desert in
eastern Iran. It stretches about 320 km from northwest to

southeast and is about 160 km wide [58]. In Fig. 4 Lat desert
is shown.

Our estimate shows that using only ten percent of Liit’s area
with suitable choice of solar cells will produce from 0.9 to
1.4 times the power consumption of Iran.

Fig. 4. Lt desert of Iran.

Table 1. Electric energy productions by some types of solar cells.

Type of Solar Cell Si(crystalline)

Si(multicrystalline)

GaAs (thin film) GaAs (multicrystalline)

Energy Production(GWh) 216414 201465

316800 247500

6. Result and Discussion

In this study after representation of nuclear energy history,
comparison between nuclear energy and renewable energy is
presented. Finally, high potential of Lt desert of Iran for
production solar energy by solar cell is resulted.

Because of the benefits of renewable energy and electricity
produced by solar cells, the development of solar plan in the
future is essential. Table 1 shows an estimate of the
electricity generated by suitable solar cells using 10% of Lt
area. It is confirmed by similar studies and reports [59][60].
Using the total potential of Iran in the field of renewable
energies will have deep effects on environment, economy,
employment opportunities, health, and society. Iran also has
high potential in other types of renewable energy like wind,
geothermal, hydropower, and biomass.

Due to the high capability in the field of renewable energy,
Iran is a suitable country to invest in clean energy. Creating
suitable investment conditions in the field of renewable
energy in Iran by the Iranian government and also promoting
investment of foreign corporate in Iran leads to favorable
results for both parties.

Acknowledgment

Author thanks to Kerman meteorological organization to

provide useful data of some meteorological stations and also
author is grateful of Ms. Fatemeh Mohtashami for her
valuable advice.

References

[1] H. WALRAVENS: Julius Klaproth (1783—-1835). Leben und
Werk. Wiesbaden: Harrassowitz 1999. X, 230 p. (Orientalistik
Bibliographien und Dokumentationen.3).

[2] E. Rutherford, “Radioactive Processes,” Proceedings of the
Physical Society of London 18 (1903), 595-597.

[3] Trenn T J 1977 The Self-Splitting Atom. A History of the
Rutherford-Soddy Collaboration (London: Taylor and Francis)

[4] J. Chadwick, “Possible Existence of a Neutron,” Nature 129,
312 (1932).

[5] Cockceroft and Walton. Proc. Roy. Soc. 136, 619 (1932); 137,
229 (1932).

[6] Iréne Joliot-Curie (December 12, 1935). "Nobel Lecture:
Artificial Production of Radioactive Elements".

[7] E.Fermi. Proc. Roy. Soc. 146, 483 (1934); 149, 522 (1935).

[8] O. Hahn and F. Strassmann Uber den Nachweis und das
Verhalten der bei der Bestrahlung des Urans mittels Neutronen
entstethenden Erdalkalimetalle (On the detection and
characteristics of the alkaline earth metals formed by
irradiation of uranium with neutrons), Naturwissenschaften
Volume 27, Number 1, 11-15 (1939). The authors were
identified as being at the Kaiser-Wilhelm-Institut fiir Chemie,
Berlin-Dahlem. Received 22 December 1938.



(9]

[10]

[11]

[16]

[17]

[18]

[19]

[20]

[25]

[26]

American Journal of Renewable and Sustainable Energy Vol. 2, No. 2, 2016, pp. 6-11 10

Ruth Lewin Sime, Lise Meitner: A Life in Physics (Berkeley
& London: University of California Press, 1996).

Einstein, A. (1905), Ist die Tragheit eines Korpers von seinem
Energieinhalt abhdngig? Ann. d. Phys. 18, 639-641.
Translated in. A. Lorentz et al. (1923), The Principle of
Relativity.

Hahn, O.; Strassmann, F. (1939). "Uber den Nachweis und das
Verhalten der bei der Bestrahlung des Urans mittels Neutronen
entstehenden Erdalkalimetalle". Die Naturwissenschaften 27:
11.

Leo Szilard, “Biographical Information,” February 22, 1960;
University of Chicago, Office of Public Relations.

Fossil fuel reserve data from CIA World Factbook.

K. Branker, M. J. M. Pathak, J. M. Pearce,
doi:10.1016/j.rser.2011.07.104 A  Review of  Solar
Photovoltaic Levelized Cost of Electricity, Renewable and
Sustainable Energy Reviews 15, pp. 4470-4482 (2011).

Comparing the Costs of Intermittent and Dispatchable
Electricity-Generating Technologies", by Paul Joskow,
Massachusetts Institute of Technology, September 2011.

Marshall, Alan (2005) The Social and Ethical Aspects of
Nuclear Waste, Electronic Green Journal 21, 1.

Utah Nuclear Waste Summary, by Tricia Jack, Jordan
Robertson, Center for Public Policy & Administration,
University of Utah.

"Managing nuclear waste: Options considered". DOE
Factsheets. Department of Energy: Office of Civilian
Radioactive Waste Management, Yucca Mountain Project.
November 2003. Archived from the original on 2009-05-15.

Vandenbosch, Robert, and Susanne E. Vandenbosch. 2007.
Nuclear waste stalemate. Salt Lake City: University of Utah
Press, 247.

Alley, W. M. & Alley, R. (2013) Too hot to touch: The
problem of high-level nuclear waste. Cambridge University
Press, New York.

"U. S. Nuclear Industry Capacity Factors (1971 - 2009)".
Nuclear Energy Institute. Retrieved 2013-10-26.

"Wind Power: Capacity Factor, Intermittency, and what
happens when the wind doesn't blow?". Renewable Energy
Research Laboratory, University of Massachusetts Ambherst.
Retrieved 2008-10-16.

Robert J. Duffy, Nuclear Politics in America: A History and
Theory of Government Regulation, University Press of
Kansas, 1997, ISBN 978-0-7006-0853-9.

Hughes, Scott D. (April 1999). "Review of "Nuclear Politics
in America: A History and Theory of Government
Regulation" / "Critical Masses: Opposition to Nuclear Power
in California, 1958-1978 / Licensed to Kill? The Nuclear
Regulatory Commission and the Shoreham Power Plant"".
Environmental History. Retrieved 2008-11-11.

Porter, Laurellen (September 1998). "Nuclear Politics in
America: A History and Theory of Government Regulation.
(Review)". Perspectives on Political Science. Retrieved 2008-
11-11.

IAEA — Safety Standards: Safety of Nuclear Power Plants:

[27]

[28]

[29]

[36]

[42]

[43]

[44]

Design, SSR-2/1, IAEA 2012.

NS-TAST-GD-009, Examination, Inspection, Maintenance
and Testing of Items Important to Safety.

"How nuclear power works". HowStuffWorks.com. Retrieved
25 September 2008.

Tsetkov, Pavel; Usman, Shoaib (2011). Krivit, Steven, ed.
Nuclear Energy Encyclopedia: Science, Technology, and
Applications. Hoboken, NJ: Wiley. pp. 48; 85. ISBN 978-0-
470-89439-2.

"U. S. Nuclear Power Plants. General Statistical Information".
Nuclear Energy Institute. Retrieved 3 October 2009.

Waltar, A. E.; Reynolds, A. B (1981). Fast breeder reactors.
New York: Pergamon Press. p. 853. ISBN 978-0-08-025983-3.

"Pyroprocessing  Technologies: RECYCLING  USED
NUCLEAR FUEL FOR A SUSTAINABLE ENERGY
FUTURE". Argonne National Laboratory. Retrieved 25
December 2012.

"World Uranium Mining Production". World Nuclear

Association. Retrieved 2014-05-15.

Uranium 2007: Resources, Production and Demand (Red
Book) (2008) OECD-NEA and IAEA.

Heavy Water Reactors: Status and Projected Development,
Technical Reports Series No. 407, International Atomic
Energy  Agency, 2002, STI/DOC/010/407  (ISBN:
9201115024). PHWR data is taken from Chapter 6, HWR Fuel
Cycles.

"Nuclear Fuel Cycle World Nuclear Transport Institute".
Whti.co.uk. Retrieved 2013-04-20.

"[AEA-TECDOC-1450  Thorium Fuel Cycle-Potential
Benefits and Challenges". International Atomic Energy
Agency. May 2005. Retrieved 2009-03-23.

BP Statistical Review of World Energy 2013.

Lackner, Klaus S. et al. (2012). "The urgency of the
development of CO, capture from ambient air". Proceedings
of the National Academy of Sciences of the United States of
America 109 (33): 13156-62. Bibcode: 2012PNAS.
10913156L. doi:10.1073/pnas.1108765109. PMID 22843674.
Retrieved 7 September 2012.

Ben Sills (29 August 2011). "Solar May Produce Most of
World's Power by 2060, IEA Says". Bloomberg.

International Atomic Energy Agency. Greenhouse Gas
Emissions of Electricity Chains: Assessing the Difference
[Online]. 2001 [cited August 1, 2010]; Available from
http://www.iaea.org/Publications/Magazines/Bulletin/Bull422/
article4.pdf

Hansen, J., Sato, R. Ruedy, A. Lacis, and V. Oina s, “Global
warming in the twenty-first century: An alternative scenario”,
Proc. Natl. Acad. Sci., 97, 9875-9880,
doi:10.1073/pnas.170278997, 2000.

Acker, R. H., D. M. Kammen. (1996). The quiet (energy)
revoLiit ion: Analysing the dissemination of photovoltaic
power systems in Kenya. Energy Policy, 24 (1), 81-111.

Anderson, T. and Doig, A. (2000). Community planning and
management of energy supplies — international experience.
Renewable Energy, 19 (2000), 325-331.



11

[45]

[46]

[51]

[52]

Vahid Mirzaei Mahmoud Abadi: Nuclear Energy, the Past and the Future Challenges in Competition with
Renewable Energy in Iran and the World

Barnett, A. (1990). The diffusion of energy technology in the
rural areas of developing countries: A synthesis of recent
experience. World Development, 18 (4), 539-553.

Best, G., B. van Campen, B. van der Plas, and R. Zepeda.
(2001). Renewable energy for sustainable agriculture and rural
development in  Honduras. Renewable Energy for
Development, 14 (2/3), 4-5.

Balakrishnan, L. (2000). Renewable energy as income
generation for women. Renewable Energy, 19 (2000), 319-
324.

Bony, 1 .et al. (2010), Achieving Low-Cost Solar PV: Industry
Workshop Recommendations for Near-Term Balance of
System Cost Reductions, Rocky Mountain Institute, Co.
http://www.rmi.org/Content/Files/ BOS Report.pdf

Gritzel, M. and O’Regan, B. (1991), “A Low-Cost, High-
Ef£ciency Solar Cell Based on Dyesensitized Colloidal TiO2
Films”, Nature, Vol. 353, pps 737-740.

Mark Z. Jacobson et al.: 100% clean and renewable wind,
water, and sunlight (WWS) all-sector energy roadmaps for the
50 United States. In: Energy and Environmental Science
(2015), doi: 10.1039/C5EE01283J.

Devabhaktuni V, Alam M, Depuru SSSR, Green IIRC, Nims
D, Near C. Solar energy: trends and enabling technologies.
Renewable Sustainable Energy Rev 2013; 19: 555-64.

Hernandez RR, Easter SB, Murphy-Mariscal ML, Maestre FT,
Tavassoli M, Allen EB, Barrows CW, Belnap J, Ochoa-Hueso

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

R, Ravi S, Allen MF. Environmental impacts of utility-scale
solar energy. Renewable Sustainable Energy Rev 2014; 29:
766-79.

Jacobson MZ, Delucchi MA. Providing all global energy with
wind, water, and solar power, Part I: Technologies, energy
resources, quantities and areas of infrastructure, and materials.
Energy Policy 2011; 39: 1154-69.

Delucchi MA, Jacobson MZ. Providing all global energy with
wind, water, and solar power, Part II: Reliability, system and
transmission costs, and policies. Energy Policy 2011; 39:
1170-90.

Chwieduk D. Availability of solar radiation on the Earth. Sol
Energy Build 2014: 21-62.

Inman RH, Pedro HTC, Coimbra CFM. Solar forecasting
methods for renewable energy integration. Prog Energy
Combust Sci 2013; 39: 535-76.

ARENA REPORT, Renewable Power Generation Costs in
2012: An Overview.

http://www.esa.int/spaceinimages/Images/2013/11/Dasht-
e Lat salt desert Iran

Ministry Of Energy of IR IRAN Renewable Energy
Organization of Iran- (SUNA), By: Dr Ahmad Kahrobaian
Head of Research and New Technology Office-SUNA.

Solar  Energy  Villages for the Middle East.
http://www.foeme.org/index_images/dinamicas/publications/p
ubl4l 1.pdf



