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Criteria CR2.1.1 asks the quantity of fissile/fertile material available for use in the INS at time t (between now and in a hundred years) to be positive.
A. Background

 Criterion CR2.1.1 demands two considerations:

· Knowledge of the amount (supply) of fissile/fertile material available for use in the INS, and;

· Knowledge of the amount of fissile/fertile material used in the INS. This need or demand of resources is to be determined via a net-balance of fissile/fertile material entering (being supplied from outside to) the INS, produced (e.g., Pu and 233U by transmutation) within the INS, and being exported (e.g., waste, fresh or spent fuel) from the INS.

The INS assessed in this study is composed of four PWR-300MWe using for fuel UO2 enriched at 3.2% with a once through fuel cycle over a period of 60 years.
B. Calculation of INS’ demand of resources

The consumption for a year for one of those PWR is:
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is the electric output (here 300MWe), 365 is the number of days in a year, [image: image5.png]


 is the availability of the plant throughout the year (typically 0.9), [image: image7.png]Per



 is the thermal efficiency of the plant (here taken to be 0.33) and [image: image9.png]Br



 is the typical burnup for UO2 at 3.2%, here considered to be 45000MWd/MTHU.
This gives us
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Now we have to get the equivalent in natural uranium (0.711% of fissile material):
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The first core load being 110 tons Unat, we finally have the total consumption over 60 year of Unat, Cg:
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C. Estimation of global demand
To estimate the global demand, this study used the Demand Scenario DS-A, proposed in the CP GAINS of INPRO, and similar to IPCC SRES-B2 case. The findings of that study are summarized in the table below:

	Demand Scenario DS-Z4

	Year
	2030
	2050
	2100
	After 2100

	Demand
	700 GWe [1]
	1500 GWe [2]
	5000 GWe [31
	5000 GWe [4]

	GWe

(equivalent)
	
	
	
	

	Notes:

	[1] Target of 700 GWe is approximately consistent with IAEA high estimate.

	[2] Target 1500 GWe will cater to the achievement of per capita electricity consumption of

	about 5000 kWh/year for the currently growing economies. No major application of nuclear

	for non-electricity applications is envisaged.

	[3] Target 5000 GWe is considered desirable to meet the minimum requirement for achieving a

	globally high level of development —including both electricity and other commercial energy

	demands. It is to be noted that the unit GWe, though appearing to be for electricity only, has

	been taken as a matter of convenience for early calculations; part of the energy produced may

	be equivalent thermal energy. Incidentally, this case is close to IPCC SRES-B2 case.

	[4] Target for later than 2100 is maintained constant for the purpose of GAINS studies.


For the year 2010, beginning of our study, we considered a demand of 450 GWe.
For the estimation of the global demand of natural uranium, a homogeneous fleet of advanced 1000MWe PWRs with once through cycle are considered, with the following characteristics:

· Power: 1000 MWe

· Average availability factor: 0.9

· Thermal efficiency: 33 %

· Average burnup: 60000 MWd / ton U

Considering these characteristics, each PWR would consume 117 ton Unat per year. To be on the conservative side of the calculation, no reprocessing or use of thorium is considered.
The consumption per year, in the following years, is:
2010: 450 x 117 = 52650 ton Unat / year
2030: 700 x 117 = 81900 ton Unat / year
2050: 1500 x 117 = 175500 ton Unat / year 
2100: 5000 x 117 = 585000 ton Unat / year

The global demand may be approximated as a linear function between the defined points, as shown in Figure 1, where the x axis is time and the y axis is ton Unat /year. Integrating the curve between 2010 and 2100, the global demand for the period, in tons of Unat, can be calculated: 22932000 tons of Unat.
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Figure 1 - Consumption of uranium per year




D. Estimation of the global resources of Unat 

According to the IAEA-OECD/NEA 'Red Book' (2007) the following resources can be considered:

· Total Identified Resources (Reasonably Assured & Inferred):

· 4 456 000 tonnes of uranium metal (tU) in the <USD 80/kgU 
· 5 469 000 tU in the <USD 130/kgU 

· Total Undiscovered Resources (Prognosticated Resources & Speculative Resources) 
· 10 500 000 tU 

Total resources: 20 425 000 tonnes of Unat.
E. Assessment
With the above information, perform the assessment of CR2.1.1 in the area of environment of the INPRO methodology. To do so, please fill your judgement and the rational in eNESA. As a resource and support it is recommended to consult the INPRO Manual in the area of Environment IAEA-TECDOC-1575 vol7, and especially pages 46 to 52. 

