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Analysis of a perspective Italian fuel cycle:  
LWR introduction and advanced fuel cycles 
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The Italian scenario: Hypotheses on energy demand and on reactors considered 

                                                           



ANALYSIS OF A PERSPECTIVE ITALIAN FUEL CYCLE: LWR INTRODUCTION AND ADVANCED FUEL CYCLES 

4 ACTINIDE AND FISSION PRODUCT PARTITIONING AND TRANSMUTATION, ISBN 978-92-64-99174-3, © OECD 2012 

Figure 1: Nuclear energy demand (TWhe/y) assumed for the Italian scenario, 2010-2200 
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Table 1: Reactor characteristics 

 EPR-oriented ELSY-oriented 

Thermal power (MWth) 4 500 1 500 

Electric power (MWe) 1 550 600 

Load factor (%) 81.76 85 

Cycle length (efpd) 4*366.6 4*300 

Efficiency (%) 34.44 40 

Average burn-up (GWd/tHM) 55 60 

Initial HM mass (tonnes) ~120 ~30 

Enrichment [235U, 239Pu], (%) 4.6 16.4 (Ave.) 

Fuel (S/A geometry) UOX (17  17) MOX (HEX) 

COSI6 library, spectrum UOX, 14, thermal RNR GEN4, 2316, fast 

Figure 2: A simplified flow scheme for the Italian scenarios 

The “once-through” scenario (in black) and the fast reactors scenario (in blue) 
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The Italian scenario: “Once-through” study 

The parametric study: Influence of the discharge burn-up 
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Table 2: Parameters adopted for the burn-up study 

Batch fraction 
Burn-up (GWd/tHM) 

33 50 55 65 

Enrichment [% 235U] 3.2 4.2 4.6 5.5 

3 
880 efpd 

(293.4 efpd/cycle) 
   

4 
880 efpd 

(220 efpd/cycle) 
1 334 efpd 

(333.5 efpd/cycle) 
1 466 efpd 

(366.6 efpd/cycle) 
1 734 efpd 

(433.5 efpd/cycle) 

6    
1 734 efpd 

(289 efpd/cycle) 

Unloaded 
fuel 

U (%) 0.87 0.79 0.81 0.90 

Pu (%) 0.97 1.19 1.24 1.35 

Am (%) 0.07 0.12 0.14 0.17 

Table 3: Cumulative natural uranium demand versus burn-up 

Burn-up 
(GWd/tHM) 

33 50 55 65 

 Batch fraction 

 3 4 4 4 4 6 

Year Tonnes 

2100 126 400 126 400 111 900 111 500 114 500 113 800 

2200 290 900 290 900 256 100 257 700 263 100 263 100 

% change 12.9 12.9 -0.6 Ref. 2.1 2.1 
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Figure 3: Natural uranium demand versus burn-up (2180-2200) 

Natural U cumulative demand versus burn-up
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Table 4: Pu availability during the scenario versus burn-up 

Burn-up 
(GWd/tHM) 

33 50 55 65 

Batch fraction 3 4 4 4 4 6 

 Tonnes 

2050 057 058 043 041 037 037 

2080 133 131 104 098 089 090 

2100 182 181 144 135 123 123 

2200 431 430 346 328 300 299 

Table 5: Pu vector in 2050 versus burn-up 

Burn-up 
(GWd/tHM) 

Batch 
fraction 

2050 
Weight % 

238Pu 239Pu 240Pu 241Pu 242Pu 

33 
3 1.48 56.02 23.46 13.63 5.41 

4 1.48 56.02 23.46 13.63 5.41 

50 4 2.88 50.37 24.06 14.81 7.87 

55 4 3.32 49.52 23.93 14.97 8.26 

65 
4 4.18 48.36 23.53 15.20 8.73 

6 4.18 48.36 23.53 15.20 8.73 
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Table 6: Pu and MA content in the unloaded fuel vs. burn-up 

No cooling time after discharge has been considered 

Burn-up (GWd/tHM) 33 33 50 55 65 65 

Batch fraction 03 04 04 04 04 06 

Initial HM per batch (tonnes) 252.10 189.10 189.20 189.00 189.10 126.10 

Pu/HM (%) 000.97 000.97 001.19 001.24 001.35 001.35 

MA/HM (%) 000.07 000.07 000.12 000.14 000.17 000.17 

Figure 4: SF Specific radiotoxicity (a) and heat load (b)  
evolutions (where 2200 is fixed as t0) versus time 

 (a) (b) 

The parametric study: Influence of the energy demand 
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Figure 5: Pu and MA cumulative masses in interim storage (55 GWd/tHM) 

Pu and MA in interim storage 
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Table 7: Pu and MA cumulative masses in interim storage (55 GWd/tHM) 

 2050 2200 

 Tonnes 

Pu 41.20 327.90 

Am 01.11 008.87 

Cm 00.53 004.20 

Table 8: Influence of the energy demand: 20% vs. 19.6% vs. 26% 

 70 TWhe-y 6 EPR 8 EPR 

Energy (TWhe-y) 70 66.7 88.9 

Share (%) 20 19.6 26 

Nat. U demand 
(2100) 

Tonnes 111 500 106 100 141 500 

% Ref. -4.8 27.0 

SNF produced 
(2100) 

Tonnes 010 900 010 400 013 800 

% Ref. -4.8 27.0 
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Table 9: Availability of Italian Pu versus reactor introduction rate 

 2035 2040 2050 2080 2100 2200 

 Tonnes 

Introduction in 10 years 
(2020-2030) 

12.4 21.3 39.2 92.9 128.7 312.2 

Introduction in 20 years 
(2020-2040) 

6.3 12. 7 30.1 83.8 119.6 303.1 

% -48.9 -40.5 -23.2 -9.8 -7.1 -2.9 

The parametric study: Influence of the reactor lifetime 
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Figure 6: Nuclear energy demand taking into account the reactor lifetime (e.g. 60 years) 

Figure 7: Mass of batches loaded and unloaded form the reactors (6 EPR case) 

 (a) (b) 

Table 10: Natural U and SF mass for different reactor lifetimes 

 6 EPR 
6 EPR 

(60 years lifetime) 
6 EPR 

(40 years lifetime) 

Nat. U demand 
(2200) 

Tonnes 245 300 259 700 269 900 

% Ref. 5.9 10.0 

SNF produced 
(2200) 

Tonnes 025 100 026 800 027 900 

% Ref. 6.8 11.1 

Table 11: Pu availability during the scenario versus reactor lifetime 

 2050 2080 2100 2200 

 Tonnes 

6 EPR 41.2 97.6 135.2 327.9 

6 EPR 
(60 years lifetime) 

43.4 99.4 139.3 326.8 

6 EPR 
(40 years lifetime) 

43.4 103.5 139.3 335.0 
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The Italian scenario: Transition to fast reactors 

Figure 8: Natural U demand – influence of fast reactors introduction 
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Conclusions 
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