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1. Introduction 
The creation and production of energy by nuclear power stations is defended by its representatives as clean energy that does not harm the environment. It is possible to prove that nuclear energy produces the same amount of energy compared to coal. [1] Coal has been proven to pollute atmospheric air drastically, a current problem that has been rising for decades with excessive CO2 emissions. [2] The fact that coal was banned in producing energy by protecting the planet, nuclear power has played a role in its effective response. [3] However, due to accidents like those of Three Mile Island in USA and Chernobyl in the former Soviet Union, many people are worried negatively about nuclear energy. [4] Environmentalists and other groups of citizens are concerned about the disposal of radioactive waste generated by the mining, processing and use of nuclear fuel. The solution of burying radioactive waste to a enough depth has been claimed by citizens mainly at their chosen sites, but RWM – Radioactive waste management (www.rwm.org.uk) presents solutions for the management of radioactive waste. Humanity has increased in coastal areas since 1940 and the population of the planet is expected to reach 7.3 billion by 2030, 9.7 billion by 2050 and 11.2 billion by 2100, considering a significant increase that requires the search for new technologies capable to produce large, fast, clean and affordable energy. [5] In the domains of environmental protection and control of CO2 emissions, there was a strong performance in the incentives to demand energy solutions and their decarbonization. (REN21 – Paris France 2018) Renewable energy is one of the solutions for some countries, but the energy produced from these new technologies is not enough. The fact that the transformation of energy with coal was finally settled, the nuclear stations had an immediate response to coal substitution. [6] These are large power plants that can maintain a constant power to maintain a solid network supply for consumers. But the investment to build and maintain Nuclear Stations is high and most are being developed by foreign investors. Several countries are developing the SMR system for power generation (small modular reactors). USA, Russia, China and UK are working on this new generation of reactors. With easy transportation and integration in the locations can provide power in the order of 300Mw. [7] With the serial production of a model can ensure that its price is competitive and easily expanded and sold all over the world.

1.1 Report structure 
This task is intended to be used as a guide in clarifying nuclear energy, considering the new production of SMR’s small modular reactors. Several organizations in the area of ​​energy are interested in finding solutions to the decarbonization of energy and SMR's have been causing and founding congresses for its development with the foundation for the solution in the production of fast and clean energy, with the possibility of being easy to transport, build and with low risks, is generating a lot of curiosity. The aim of the study is to provide a comprehensive and description of SMR's. This study was conducted as a desk research is based on literature, academic articles and previous case studies. The results of this study indicate that there is a paradigm shift happening in the fields of investment and consumption. Finding sound and valid responses to environmental protection was the main objective. In Chapter 2, the name of Nuclear Energy will be provided. In Chapter 3, the whole study of small modular reactors and their advantages and disadvantages will be developed, in Chapter 4 will be the development and critique of a case study based on experimental SMRs in 3 islands of the Pacific Ocean with small population numbers. In chapter 5, after gathering all this knowledge, will conclude this work with consistent information is to enlighten all readers how important to the future is the challenge of SMR's can be by producing clean and affordable energy protecting the planet.



2. Energy
Since prehistory, man has used intelligence to create mechanisms that reduce effort and increase comfort. By mastering the fire technique, it improved its feeding, lighting and security. He invented the wheel and other mechanisms that multiplied his physical strength and facilitated transportation. He discovered the strength of the waters, the winds and domesticated animals, using the strength of horses and oxen to work. Thousands of years have passed until one fact has marked the history of energy: the invention of the steam engine, an energetic symbol of the Industrial Revolution. The fire was then turned into movement. This allowed the construction of large factories and their application in transport. In this period, fossil fuels (coal, oil and natural gas) have also evolved considerably. Until today they represent the most important source of energy, including generating more advanced technologies. But it was not until more than 100 years ago that electric power emerged, symbol of the Information Age. Through it, other forms of energy could transform with efficiency, like heat, lighting and mechanical energy. In the 20th century, another source of energy was discovered: nuclear energy, still much questioned by the high risks to the environment. In addition, it is developing, among others, the conversion of solar energy directly into electricity and the use of hydrogen as a source of energy, which will also have important participation in our lives. In the Kingdom, the production of electricity from natural gas in high-tech thermoelectric plants contributes to the country's large energy needs. [8]

2.1 Nuclear Energy 
     How is nuclear energy produced?
Atomic vitality is created when a particle's core is part into littler cores by the procedure called splitting. The splitting of extensive molecules, for example, Uranium 235 and Plutonium 239, delivers a lot of vitality. Truth be told, the splitting of 1 gram of Uranium 235 produces a similar measure of vitality as the ignition, or consuming, of 3 tons of coal. The vitality delivered by the splitting of uranium or plutonium can be bridled to create power, to drive space make, and to control weapons like the Atomic Bomb. (Petrucci, 1985)
	Country
	2014 Production tU
	Uranium resources (tU)<US$130/Kg 

	Australia
	5001
	1174000

	Canada
	9134
	357500

	China
	1500
	120000

	Kazakhstan
	23127
	285600

	Namibia
	3255
	248200

	Niger
	4057
	325000

	Russia
	2990
	216500

	USA 
	1919
	207400

	Uzbekistan 
	2400
	59400

	Total  
	56252
	3698900


Table 1- Source: “Uranium 2014: Resources, Production and Demand” OECD-NEA & IAEA, 2014. Uranium: From Mine to Mill, World Nuclear Association, 2015
2.2  Nuclear Power Stations Plant in UK                   
There are 8 dynamic power nuclear stations in the UK, Bradwell-Essex, Hartlepool, Heysham – Lancashire, Hinkley Point – Somerset, Oldbury - South Gloucestershire, Sellafield – Cumbria, Sizewell – Suffolk, and Wylfa - Anglesey.

            [image: the nawah way]
Fig.1 Uranium, a naturally radioactive element abundantly found in most rocks, is used as fuel to power nuclear reactors.
    2.3 Coal Power Plants
The UK's capacity plants are increase their endeavors to go coal free. Inside the following until 2025 the UK will eliminate unabated coal age, and vitality organizations should either close power stations or adjust resources for greener vitality. A prohibition on coal will apply from 1 October 2025  to line up with the start of the limit showcase conveyance year, and although the legislature has said it isn't important to set an express imperative on coal age before that date, the clock is ticking, and the business is feeling the squeeze to adjust. [11]
Two of the coal stations - Eggborough and Kilroot - set to near to the year's end 2018.  Different stations have started the way toward adjusting and building framework for cleaner control age, while a few plants intend to stay open until the boycott comes into power.[12]
                    [image: Image result for coal power stations 2018 in world data]
[bookmark: _Hlk5213409]           Table 2 IEEFA.org – Report declined in coal fired capacity (Oct. 2018)
Dr. Jonathan Marshal of the ECIU said that Change is taking a good lead because politics is finally making progress and taking action on economic change with new technologies such as the closure of coal-fired power stations and the decline in utilization of coal. The market is reacting to a final set of positive polices. Informed debate on energy and climate change- EICU (Energy Information Climate Unit)
No plans have been declared to close the coal-terminated power plant at Ratcliffe-on-Soar and no choice for future uses for the site post-2025 have been made. A representative for Uniper Energy, which runs the Nottinghamshire site, said "the station is reliable, flexible and meets all environmental standards on emissions – making it best placed to continue to play an important role in meeting the UK’s energy challenge for as long as it is needed”.
SSE affirmed it is moving its age resources from a portfolio weighted towards gas and coal to one weighted towards gas and renewables and has put £350M in the development of a consolidated cycle gas turbine control station at Keadby, North Lincolnshire. Fiddlers Ferry coal control station verified an agreement to give power until September this year however its future is vague past this point.(new Civel Engineer – Uk power plant article)
RWE plan to keep on working Aberthaw control station in South Wales on coal until conclusion during the 2020s and said the administrations arrangement won't influence existing plans. A spokesperson said: “This station has been providing secure capacity for almost 40 years and has been successful in recent Capacity Market auctions. It will continue to have a valuable role in helping to ensure security of supply until closure in the 2020s.”
Can be conclude that Britain is eliminating its coal-consuming force plants, with the last one slated to be covered by 2025, if not sooner. It is a frightening improvement for the country that established a mechanical unrest controlled by coal.
              [image: Image result for where is all natural gas power stations in uk]
[bookmark: _Hlk5213438]        Fig.2 Drax The Giant coal plant converting to green energy (BBC news)

              [image: Image result for where is all natural gas power stations in uk]
[bookmark: _Hlk5213513]     Fig.3 The Drax Power Station in North Yorkshire, England. (www.bbc.com)
Drax Power Station in Selby, North Yorkshire has plans to supplant its two outstanding coal creating units with gas control age and battery stockpiling units. Recommendations incorporate the development of two new gas-terminated age units with the consolidated limit of up to 3,600MW, with four turbines that can work in both a joined cycle or open cycle mode. It likewise proposes making a battery storeroom with a limit of up to 200MW and an association with the National Transmission System pipeline. “The repower project could secure the future of the power station beyond 2025 when the government says coal must come off the system,” Drax Power chief executive Andy Koss said. [ ]
At the point when Drax opened for business in 1974, Britain got 80 percent of its power from consuming coal. As of late as five years back, the figure was 40 percent. Be that as it may, a year ago, it was 9 percent, and this midyear coal provided under 2 percent of Britain's power. On April 21, 2017, out of the blue since its commencement, the British power lattice went 24 hours without coal. 
The punch in the electrical cables currently comes for the most part from gaseous petrol, atomic, and developing systems of monster wind turbines and sun-based ranches. The administration says the majority of the UK’s. residual coal plants will be closed by 2025 – possibly sooner. Drax will live on, however just by consuming biomass – generally wood chips imported from the southern United States.
       2.4 Combined Nuclear Power Stations
       What is the Natural gas turbines power generation?
Is the cleanest and most productive technique for petroleum derivative power age. A CCGT control station consolidates gas turbine and steam turbine advancements to deliver power more effectively than should be possible utilizing any of these innovations independently. [ ]
    [image: Image result for ccgt power plant]
                          Fig.4 CCGT – Combined Nuclear Power Station
        [image: Image result for ccgt power plant]
[bookmark: _Hlk5213638]                           Fig.5 Nuclear Reactors - CCGT System detail
        How can work a CCGT?
In the gas turbine air is compacted and go into an ignition chamber where it is singed with flammable gas. The subsequent hot ignition gases grow through the gas turbine, which drives an alternator/generator to deliver power. The hot fumes gases from the gas turbine contain recoverable vitality and are, along these lines, utilized in warmth recuperation boilers to create steam. This steam is utilized to drive a steam turbine to produce extra power along these lines boosting the general productivity of the power station. On account of the CCGT control station proposed for Knottingley (Ferrybridge Power station) it is three gas turbines, each associated with their very own committed warmth recuperation evaporator, steam turbine and power generator. Each CCGT will create roughly 500MW of electrical power bringing about a general power age limit of 1500MW, enough to control around two million homes.  
                         [image: http://www.knottingleypower.co.uk/wp-content/uploads/2011/01/CCGT-Diagram-Updated.jpg]              
Fig.6 CCTG – Combine Gas turbine - The diagram above shows a typical combined cycle process

         How do the CCGT investors argue and justifie?  
The use of energy is every day; cooking, heating the kettle, turning on the PC, charging the mobile phones or viewing the TV. The measure of energy used will increase consistently throughout the day having heights of more use like others. Example - when all families come to their homes after a day of work or school, the peak of energy consumption is quite high at this point. Forecasts for the future are a very significant increase (aprox.3bn) in the world's population, which will require a greater capacity for energy response. And it must be considered that as we add electrical and heating vehicle structures, we want to have green solutions to move to a low-carbon economy by reducing CO2 emissions. There is interest in the discontinuity of the plants at the end of life and that still work with sources (fuel fossil) of the planet that promote a high emission of CO2 and harmful to the planet.
Thus they justify that CCGTs have boosted the UK's progress towards the low-carbon economy. It even improves the economy of the local community in the construction phase and then in the operating phase increases the number of local jobs.
[image: See the source image]
[bookmark: _Hlk5213769]Fig. 7 LR’s - Large Reactor Plant details of generator
      what is needed to build a nuclear station?
Good access to infrastructures; Access to suitable gas network; Access to high voltage connection to National Grid Electricity network; Proximity to transport and communications; Suitable planning allocation; Enough space; Local industrial base to provide service activity.

       What is the future of UK Coal Power Stations?
[bookmark: _Hlk4513775]Can be conclude Britain is eliminating its coal-consuming force plants, with the last one slated to be covered by 2025, if not sooner. It is a frightening improvement for the country that established a mechanical unrest controlled by coal

3. Nuclear Reactors
(a) - Research Reactors
Research reactors involve a wide scope of various reactor types that are not utilized for power generation. The essential utilization of research reactors is to give a neutron source to inquire about and different applications, including instruction and preparing. They are little in correlation with power reactors whose essential capacity is to produce electricity. Research reactor control evaluations are assigned in megawatts and their yield can go from zero up to 200 MW, contrasted and 3000 MW (i.e., 1000 MW(e)) for a run of the mill huge power reactor unit. 
Many of the world’s nuclear reactors are used from 1940’s for research and training, materials testing, and production of radioisotopes for medicine and industry. These research reactors are much smaller than power reactors, and many are located on university campuses. [ ] IAEA – Austria
                          [image: Image result for research reactors uk]
[bookmark: _Hlk5213820]                  Fig.8 International Atomic Energy Agency – IAEA, Austria
As indicated by IAEA, there no new research Nuclear reactors were, added to the rundown of in excess of 240 task inquire about power reactors around the globe in 2009. Many these reactors are, utilized for materials testing and the creation of isotopes for medication and industry. As more established reactors are resigned and supplanted by less, increasingly multipurpose reactors, the quantity of operational research reactors is relied upon to drop to somewhere in the range of 100 and 150 by 2020.
           
(b)– SMR’s Advanced Reactors
SMR’s are composed by 4 different types of technology: 
Water-cooled reactors technology with reactors - PWR; BWR; SCWR; HWR; iPWR
Gas cooled technology with reactors - GCR; GFR 
Molten Metal cooled technology with reactors - SFR; LFR 
and Molten Salt cooled technology with reactors - MSR; and SMR
[bookmark: _Hlk5094988](IAEA, The Advanced Reactor Information System -ARIS)
                [image: Image result for uranium nuclear power stations hinkley point B]
           Fig.9 PWR- Future Plant – New Build project - Hinkley Point C 

          [image: Image result for site construction detail for SMR's]
     Fig.10 SMR’s New construction in China will start on the end of 2019
(world nuclear news, 25 march 2019)

Water Cooled Reactors (WCRs) have been the foundation of the nuclear industry in the twentieth century. Of the as of now working 442 reactors, 96 percent are water-cooled. A considerable lot of these plants were initially authorized to work for approx. 40 years, but through advances in learning, the lives of these plants are currently being reached out to 60 years, with a possibility to work much more. It tends not out of the ordinary that WCRs will keep on assuming an essential job in the 21st century.
Light water reactors (LWRs) are the greatest common WCRs universal and are divided into 2 types: Pressurized Water Reactors (PWRs), which produce steam for the turbine in distinct steam generators; and Boiling Water Reactors (BWRs), which use the steam produced inside the reactor central straight in the steam turbine. All LWRs need fuel that is improved in the fissile element, U-235.

Heavy Water Reactors (HWRs) usage “enriched” water, the molecules of which include hydrogen atoms that are made up to more than 99 per cent of deuterium, a heavier hydrogen isotope. This heavy water, used as a moderator, advances the overall neutron reduced, permitting fuel to be used that does not require enrichment.

List of WCR (water cooled reactors)  are developing for different countries in the world:
            WATER COOLED SMALL MODULAR REACTORS (LAND BASED)
CAREM (CNEA, Argentina)
ACP100 (CNNC, China) 
CAP200 (SNERDI/SNPTC, China) 
DHR (CNNC, China) 
IRIS (IRIS, International Consortium) 
DMS (Hitachi-GE Nuclear Energy, Japan)
IMR (Mitsubishi Heavy Industries, Japan)
SMART (KAERI, Republic of Korea)
ELENA (National Research Centre “Kurchatov Institute”, Russian Federation)
KARAT-45 (NIKIET, Russian Federation)
KARAT-100 (NIKIET, Russian Federation)
RITM-200 (Afrikantov OKBM, Russian Federation)
RUTA-70 (NIKIET, Russian Federation) 
UNITHERM (NIKIET, Russian Federation) 
VK-300 (NIKIET, Russian Federation) 
UK SMR (Rolls-Royce and Partners, UK) 
mPower (BWX Technologies, Inc., USA) 
NuScale (NuScale Power Inc., USA)
SMR-160 (Holtec International, USA)
 Westinghouse SMR (Westinghouse Electric Company LLC, USA)

           WATER COOLED SMALL MODULAR REACTORS  (MARINE BASED)
ACPR50S (CGN, China)
ABV-6E (Afrikantov OKBM, Russian Federation)
KLT-40S (Afrikantov OKBM, Russian Federation)
RITM-200M (Afrikantov OKBM, Russian Federation) 
SHELF (NIKIET, Russian Federation)
VBER-300 (Afrikantov OKBM, Russian Federation)

          HWR’s - HIGH TEMPERATURE GAS COOLED SMALL MODULAR REACTORS
HTR-PM (Tsinghua University, China)
GTHTR300 (Japan Atomic Energy Agency, Japan)
GT-MHR (OKBM Afrikantov, Russian Federation)
MHR-T Reactor/Hydrogen Production Complex (OKBM Afrikantov, Russian Federation)
MHR-100 (OKBM Afrikantov, Russian Federation) 
AHTR-100 (Eskom Holdings SOC Ltd., South Africa)
HTMR-100 (Steenkampskraal Thorium Limited, South Africa) 
PBMR®-400 (Pebble Bed Modular Reactor SOC Ltd, South Africa) 
SC-HTGR (FRAMATOME INC., USA)
Xe-100 (X Energy, LLC - USA)
(IAEA – International Atomic Energy Agency, edition 2018)

         (c)- SSR – Stable Salt Reactor 
Stable salt reactors are modular and facilitate their construction in phases. The fact that the shape of its cores is rectangular allows its magnification module by module to create reactors from 150MW to 1200MW of power.
            [image: Stable Salt Reactors]
            Fig.11 Modular Salt Water Reactor (Moltex Energy – UK)
Stable Salt Reactors don't trap colossal perils inside endless supply of manmade wellbeing frameworks – particularly, they really take out the significant dangers of regular atomic power plants by structure.
Waste burning Stable Salt Reactors consume and decrease the extended lived radioactive waste from the past 50 years of nuclear power.

(d)- Small Modular Reactors (Power Generator)
Smaller, simplified reactors are poised to reinvent nuclear energy and bring economic, carbon-free power to support global demand. (Nuscale, USA)
SMR’s have been proposed in late vitality talks as a potential method to address such issues in smaller scale networks.
           What is SMR’s?
           SMR’s – Small Modular Reactors  
SMRs are proposed in vitality talks to the development of the energy sector as a potential method for addressing smaller-scale situations with the capacity to generate energy in the order of 150MW to 300MW is for this reason they called them small nuclear reactors. The "modular" designation for SMRs (Fig.12) provides its versatility and the ability to create actual segments of the nuclear vapor delivery system (NSSS) in a production line condition and then easy transport to the site. This can help limit in-place planning and, in addition, shorten development time. This is vital, as prolonged development times are one of the major problems of larger units. In addition, the creation and completion of significant parts of the nuclear steam supply structure can also encourage the execution of higher quality models. (NRC – Nuscale power – USA)
                [image: Image result for nuscale smr]
                                         Fig. 12 Nuscale SMR’s - USA
            How SMR’s generate energy?
Its power generation technology is like that of large CCGTs but on a small scale, they run on gas and water. Each CCGT will create roughly 500MW of electrical power bringing about a general power age limit of 1500MW, enough to control around two million homes, SMR’s can production a significant value but in minor scale between 150MW to 300MW. 
(Marine-based water-cooled SMRs) presents concepts that can be deployed in a marine environment, either under water or on a barge. This unique application provides many and more flexible deployment options, but also face many challenges if is to be deployed internationally, i.e. such as permission to cross national and international waters.
(High Temperature Gas Cooled SMRs) modular type HTGRs under development and under construction. HTGRs provide high temperature heat (≥750°C) that can be utilized for more efficient electricity generation, a variety of industrial applications as well as for cogeneration.
(Fast Neutron Spectrum SMRs) with fast neutron spectrum with all the different coolant options. They are sodium cooled fast reactor (SFR), the heavy liquid metal-cooled (HLMC, i.e. lead or lead-bismuth) fast reactor, the gas-cooled fast reactor (GFR). IAEA Edition 2016

     SMR’s Advanced Design
The ARIS database incorporates specialized data about Advanced Reactor Designs that is given by the dependable structure associations and additionally reactor plant merchants. As per the definitions set up by the IAEA, a propelled reactor configuration comprises of both Evolutionary and Innovative reactor advances. Developmental reactor plans are reactor structures that enhance existing structures through little or moderate adjustments with a solid accentuation on keeping up demonstrated plan highlights to limit innovative hazard. While creative reactor plans consolidate radical changes in the utilization of materials as well as fills, working situations and conditions, and framework setups. Propelled reactors can be grouped as far as coolant, neutron range, temperature or reason. 
With respect to reason, the reactors can be arranged as far as trial, exhibit or model, and business. (IAEA, The Advanced Reactor Information System -ARIS)
             [image: Image result for Small modular reactors underground details]
[bookmark: _Hlk5215057]Fig.13 SMR’s - Generation 4 – Clean and low carbon future generator energy generate
SMR’s Advantages and disadvantages
Advantages
The lower thermal power of the reactor core, small, compact model and the use of passive concepts have the benefit of promoting safety and protection compared to previous projects of the large nuclear reactors. The passive safety system is a very important safety feature in the SMR. So, there is less reliance on assets and additional pumps security systems, and AC power to mitigate accidents. These passive safety systems can dissipate heat even after the loss of external power. The security system incorporates a water inventory on site that operates with natural forces (eg, natural circulation). In engineering reactors, the natural circulation phenomenon is highly desired because it can provide the reactor core coolant pumps without cooling, so that no moving parts to break. The size and the fact of being modular facilitates its transport by vehicles specialized in the displacement of objects of great dimensions. making it easy and quick to implement on the site. The acquisition of these reactors is advantageous because the construction and start-up times of their reactors are much cheaper and faster than the construction of the large nuclear plants. Only the enough area for the implementation of the generator or generators underground with basement is necessary, its transport is easy and simple it is done by ground with a truck with the dimensions suitable for the size of the reactor. IAEA – Aris Edition 2016
                            [image: Image result for the future of small modular reactors in world data]
                                       Fig.14 SMR’s easier transport
                                   [image: Image result for nuclear gas generator]
              Fig.15 Scale / Small Modular Reactors (small sealed module)
Disadvantages
Due to its modular assembly line, today's costs are still considered high, but throughout the course of its production, the value of the SMR's will tend to decrease, the higher the number of orders the more affordable the prices will be.
Several are the countries that are developing and building SMRs but are not yet ready for acquisition and everything indicates that some countries will be ready for sale and produce energy from 2025 to 2030. (nuclear power.net)

SMR’s Planning, Construction and Costs
Its dimensions, the effectiveness of project development and planning, and inactive security structures (which require less compared to large nuclear plants) reduce the capital investment of a nuclear station owner. The production line in SMR's production reduces the unit values being always proposed by the manufacturers that buy it more than one can get cheaper to the proprietor and the investment in the site of construction and implementation of the reactors is quite cheaper, which it means that funding is simpler and easier compared to that of larger plants. (nuclear power.net)
The site preparation and civil engineering required for the actual construction of a conventional Nuclear Power Plant are a significant component of build cost. A smaller outer-containment coupled with the reduced plant footprint required for an SMR, could give a significant benefit to plant construction cost on a per MW basis. 
 All these benefits should have a positive impact on the build time duration for the SMR. This in turn will reduce the project management and site overhead costs of projects whilst having a positive impact on the risk profile and finance related costs. (nuclear power.net)

SMR’s Waste management and environmental impact
In accordance with state and national efforts to clean up our air and reduce carbon emissions is clean, safe, carbon-free SMR technology as a potential baseload resource.

 SMR’s Brands and manufacturer’s in UK
An encouragement elective UK SMR innovation by the Rolls Royce group UK consortium can create nuclear power in another way anyplace on the planet. It settles the problem of how to generate a good amount of energy, fast, and cheaper with a lower carbon impact to the environment. The worldwide vitality division is confronting expanding strain to create more power more rapidly and in more places with more assurance of accessibility cost, limit and adaptability and lower input costs and a littler ecological effect. Together with Amec Foster Wheeler, Nuvia and Arup with their new perspective on the future with the new nuclear technology to generate energy the development of SMR's has considered a wide range of objectives. The fact that companies are working together is to be productive and the objective is to create reactors with a vast and competitive capacity in the SMR's market being atomic research and engineering work important at this stage of growth. The objective in the production and marketing of the SMRs is directed in a main phase to the industrial area, having the facility of fast construction in the site, being transported by road, rail or boat, satisfying the results of the intended MWe, without risks and zero carbon. (Rolls-Royce Group)
                            [image: Image result for rolls royce smr data sheet]
[bookmark: _Hlk5219438]Fig.16 Rolls Royce SMR’s project


4. Case Study  
Economic Feasibility of Energy Supply by Small Modular Nuclear Reactors on Small Islands: Case Studies of Jeju, Tasmania and Tenerife, August, 2018


          4.1 case study research
This study of August 2018 had the interest of researching the creation of new small power generators that are in development in several countries of the world with the perspective of finding new methods in the production of effective and affordable energy, with capacity to satisfy the necessary quantity, fast and without such a negative impact as is produced by fossil fuels. The high level of emissions produced by the old generation of coal and fuel power plants have caused serious problems in the warming of the atmosphere and the aim in this century is that the decarbonizing electricity generation is fundamental to limit the average increase in global temperature to the levels proposed in the Paris (<2 ° C above the pre-industrial level until 2100). Small modular reactors (SMRs) have been proposed in a number of discussions with entities responsible for nuclear atomic energy, such as the International Atomic Energy Agency (IAEA), and by organizations and countries at environmental protection conferences, and the search for new technologies in the generate energy without causing environmental damage, having as one of the objectives the protection of future generations in a healthy planet. Micro-nets are one of the solutions for places with space deficiency such as the islands. Small reactors have the peculiarity of offering the electricity and heat without carbon to these small islands or isolated electrical networks, including their introduction under the ground allows the occupation of small spaces being positive for places with deficiency of available areas. This study developed the research on the area and the energy production in each location but did not develop the economic feasibility of SMR's knowing that this is highly dependent on the system. Knowing that the higher average cost of SMRs makes it difficult for them to compete economically with a fossil fuel / renewable mix in many contexts.
The study selected 3 islands to assess the complexity of the SMR system: Jeju Island in Australia, Tasmania Island and Spanish island Tenerife. The result of the study was that the SMR's are economically viable for the average generation cost with approx. <100 dollars per MW, for Jeju <140 dollars per MW for Tenerife. In Tasmania wasn’t the best choice utilizing SMR’s because the energy generated          in this island is by Hydroelectric which makes it more efficient, cheap and not harmful to the environment. It would only be necessary to implement SMR's as a "Nation Battery" option in the event of an accident or reduction of production by the hydroelectric. It was concluded that the SMR's have a clean, easy-to-generate energy and that it can be quite efficient in small spaces such as islands and that the energy produced is enough to supply the grid and affordable even with low carbon that mean doesn’t damage the environment.

4. Conclusion
There are a few SMR projects under development in some nations and it is likely that some of them will reach maturity by 2025. As such, any SMR technology will likely need to compete internationally with other SMR technologies. The fact that the UK has a long history in nuclear research has been working in this area in order to find solutions in the new SMR technology. The aim is to develop SMR's with a design that provides safety, efficiency, quantity of energy generation that is competitive, easy to transport, easy planning and with security to commit to environmental protection. Its connection to the energy distribution network is easy, which is a plus since it has been the key cost factor for large nuclear power plants and for renewable forms of generation. SMRs are modular and easy to carry and implement. The costs compared to the LRs are much more competitive as the engineering work is smaller and faster. Because SMRs have lower energy output, there is no need to upgrade the network by replacing existing LRs or fossil fuel plants. The SMRs can be in certain locations of small areas (islands) and industrial zones the best solution, because they have a production of 300MW and are small, which becomes positive in its implementation. The companies that develop the SMRs and the IAEA ensure that the SMR's are environmentally friendly and green energy.


Future of Nuclear Power:
[bookmark: _GoBack]The International Atomic Energy Agency in Austria predicts that global demand for electricity will continue to increase as a result of economic development aspirations and concerns over energy security, and that the expansion of nuclear energy will continue at a slow pace, but steady, particularly in Asia and in the Middle East.


	Policy Recommendation: 
The government should commission polls from the nearest populations of potential sites for small modular reactors. This can be used to inform future SMR location studies and feed the crawler public attitudes to energy and climate change in existing government.
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