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Abstract

The constructive utilisation of energy is of paramount importance in the enhancement of society’s standard of
leaving. Worldwide the consumption of primary energy is expected to increase by 2.1% year due to population
increase and economic growth. Currently about 90% of the energy consumed originates from burning of fossil
fuels, with 30% of the total used of the primary energy for electricity production [1]. Most of the remaining 70% is
used either for transportation or converted into hot water, steam and heat. Nuclear energy is now being used to
produce about 14% of the world electricity [2]. Over the next 50 years, unless patterns change dramatically, energy
production and use will contribute to global warming through large scale greenhouse gas emissions — hundreds of
billions of tones of carbon. Nuclear power could be one option for reducing carbon emissions. An interest in nuclear
power despite of Fukushima disaster has been revived. More than 40 developing countries have approached United
Nations officials to express interest in starting nuclear power programs [3].

Asia has been growing significantly in this regard, with 21 reactors under construction and there are plans to
add about 100 more (China, South Korea and India are expected to experience the strongest growth in the region
[4]). Indonesia, Vietnam, Thailand, the Philippines and Malaysia are also expressing strong interest in nuclear
power [5]).

Number of countries (France, Argentina, Brazil, Canada, Japan, the Republics of Korea, South Africa, the US,
UK, Russia, China, etc.) joined together on a mission to develop and implement the next generation of safe and
sustainable nuclear reactors, and created the Generation IV International Forum (GIF) to oversee it [6]. The forum’s
members agreed to concentrate their efforts and funds on six reactor designs seeking to become commercially
viable between 2015 and 2025 [7]. Among those reactors the very high temperature reactor (VHTR) is the most
attractive nuclear technology. The Next Generation Nuclear Plant (NGNP) prototype concept is based on what is
judged to be the lowest risk technology development that will achieve the needed commercial functional
requirements to provide an economically competitive nuclear energy source [6]. This technology has substantial
gains obtained by: a) coupling of gas turbine with a high temperature gas-cooled reactor (HTGR), which allows
achieve a net electrical efficiency in the range of 50%; b) build modular HTGR (called GT-MHR, gas-turbine
modular helium reactor) allows lower capital cost due to plant simplification and time reduction for construction; c)
the ceramic fuel TRISO (triple coated small balls) fuel (specifically developed fuel for this type of reactors) has the
high degree of passive safety and has flexibility to adopt uranium/plutonium, thorium (Th) based fuel cycle and
reprocessed SNF from currently used reactors; d) the high burn-up of the reactor (between 80 — 120 GWd/ton)
substantially decrease radioactive waste from the spent nuclear fuel (SNF) and makes its SNF much less radioactive
[8]; ) the high temperature, which allows HTGR to be applied to hydrogen production and other high temperature
process heat applications, as well as low temperature heat applications such as water desalination, thereby
efficiently addressing non-electric energy needs [9].

This study describes a life cycle assessment (LCA) of a generation IV nuclear power plant based on a high
temperature helium cooled reactor and gas turbine technology with modular design (GTMHR). The adopted
method for the study was a hybrid LCA analysis. The analysis of each phase of the life cycle was done on the basis
of process chain analysis (PCA). Where detailed data were not available, the analysis of Input/Output (I/O)
databases was employed. The obtained results show that GHG emissions and energy intensity per unit of electricity
production are considerably low and even lower than emissions from a number of renewable energy sources. The
study also investigated other sustainability aspects of nuclear power generation in addition to environmental
impacts, namely, social impacts (biodiversity impact, health and safety, employment.) and economic impacts (cost
of electricity).
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The results obtained for primary energy consumption and GHG emission through whole life cycle of NP plant
have been used to calculate energy and GHG payback time based on a methodology developed in [10]. The
calculated energy payback time for the NP plant under consideration is - 1.26year. The calculated GHG payback
time is - 0.41 year. An overall obtained results show that the GT-MHR under consideration has very low GHG
emissions per unit of electricity production of about 6.5g CO2 eq./kWhe for the GT-MHR NP plant life cycle. With
all fuel enrichment by gas centrifuge technology in combination with the GT-MHR, the overall GHG footprint of
nuclear was estimated to be: - 9.6g CO2 eq./kWhe .

To assess possible sustainability issues of using nuclear power as an electricity generation source it is
necessary to go beyond evaluation of GHG emissions and energy intensity to include other environmental impacts,
as well as economical and social impacts in comparison with other power generation technologies.

This work shows that the GT-MHR has a competitive electricity generation cost — levelised electricity cost is
estimated to be 3.8c/kWh, and even lower according other sources in comparison with most other technologies. The
GT-MHR retains the low production cost, high capacity factor and long lifetime advantages of nuclear power
during its life cycle. Due to modular design the GT-MHR can be deployed in relatively small increments (286
MWe) in relatively short construction times to minimize cost-at- risk and time-at-risk prior to generation of revenue.

However, public concern about nuclear energy in Australia remains high, due to accidents at Three Mile
Island, Chernobyl and recently at the Fukushima Dai-ichi nuclear power plant in Japan. As a consequence, it is now
recognised that the future of nuclear energy will not only depend on technical and economic factors, but public
acceptability of this technology, as well. Nuclear safety, disposal of radioactive wastes, and proliferation of nuclear
explosives need to be addressed in an effective and credible way if the necessary public support is to be obtained, as
public support is essential for building nuclear power plants in Australia.

Keywords: energy generation, nuclear reactor, LCA
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HANPUEMCTBA I'AJIY 31 XJIIBOMMPOAYKTIB - JVKEPEJIA BIIJIMBY
HA CTAH JOBKIJLJIA I IIJIAXHW UOT'O SMEHIIEHHA

3anepxiasiaauii M.M., K.T.H., JOLEHT
Onecbka Hal[iOHAJILHA aKajJeMisi XapYOBHX TEXHOJIOT i

3a mporHo3aMu aHamiTHKIB Ykpaina y 2016 pori 30epe Omu3bko 62,7 MIIH T 3¢pHa, 0 Ha 2,6 MJIH T OLUIbIIE,
HIDK y MUHYJIOMY pOIIi. 3 HUX MIIEHUIS CKiIaze 25,8 MIIH T, KyKypyn3a - 25 MIIH T, TUMiHb - 9,5 MIIH T.

[MinnpueMcTBa Taiy3i XJIiOONPOMYKTIB 3000B’s3aHi NPUMHAHATH 1€ 301K, PO3MICTUTH HOro 'y
3epPHOCXOBHINA, IOBECTH IO KOHIWIIIMHOTO CTaHy, 3aKJIAcTH Ha 30epiraHHs, BIIIYCTHTH Ha TepepoOKy i Ha
eKCIIOPT, ePepoONTH 1 IepeIaTH Ha BUKOPUCTAHHS.

[IpakTraHO BCi TEXHOJOTIYHI MPOIECH, MiAPUEMCTB TaTy3i XIIOOMPOIYKTIB, CYIPOBOIKYIOTHCS 3HAYHUM
BUAUICHHAM TIHITY, SIKUA € OMHIEI0 3 TOJOBHUX INKIJIMBUX PEUOBHMH HA NWX mimnmpremctBax. ITmm 3alpymHioe
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