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Agenda

* Presentation on Collaborative Activities
* Background
* Model Benchmarking
* Future Iltems
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Background —
PESS/INPRO complementary areas

1. Energy Modeling and Techno-
Economic Analysis (PESS)

2. NESAs and Nuclear Cost Analysis
(INPRO)

Jointly, we support Feasibility Study
Workshops, training courses, and
benchmarking of nuclear cost models
with GenlV EMWG.
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Collaborative tool sets are used to
evaluate nuclear energy systems

* MESSAGE - simulates the development of a
complete energy system

Modelling Nuclear Energy Systems with MESSAGE:
A User's Guide

INPRO Methodology for Sustainability Assessment
of Nuclear Energy Systems: Economics

INPRO Manual

Subject Classification: 0701-Nuclear power planning and economics

I Y ( 978-92-0-102714-6) 90 pp.; 0 figures; 40.00 Euro;
Language: English
Date Published: 2014
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Collaboration extended to GIF:
Nuclear cost model benchmarking

 EMWG G4ECONS v.2.0:

* Excel based cost calculation tool developed by GIF EMWG

* Calculates LUEC (levelised unit energy cost) and TCIC (total capital
investment cost)

* INPRO NEST:

* Excel based tool developed in INPRO

* Compilation of algorithms based on / adapted from methods
developed and published by INPRO, MIT and Harvard University

* Calculates figures of merit necessary for the INPRO assessments:
LUEC, TCIC, ROI, IRR, NPV, robustness characteristics

* Every parameter can be calculated by several alternative
(complementary) methods
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Benchmarking of G4ECONS v2.0
with NEST

2014-15: Benchmarking of G4AECONS and IAEA’s Nuclear
Economics Support Tool (NEST) completed using common
sets of input data for

Thermal spectrum, Gen IV SCWR with once-through fuel cycle

2015-16: Benchmarking for Fast Reactor systems with
closed fuel cycles
« Three versions of NEST were used
NEST v2S3 for break-even fast reactors
NEST v4S2 for break-even fast reactors
NEST v4S3 for burner or breeder type fast reactors
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Benchmarking was extended to Fast
Reactors using Closed Fuel Cycles

« Two fast reactor systems were selected from the Final
Report of INPRO Collaborative Project GAINS
SFR — BN80O type Break-Even Reactor
870 MWe, 41.5% efficiency, ~12% Pu fuel, no MA recycle
Generic metallic-fuelled Burner Fast Reactor
1,000 MWe, 38% efficiency, ~20% Pu fuel, MA recycle

« Overnight capital costs $4,600/kWe* (2009), D&D costs
30%, 40 year operation, 5 year construction

* Fuel costs: based on Advanced Fuel Cycle Cost Basis
report of Idaho National Laboratory

« Real discount rate 5%
* Assume NOAK systems
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Once-through fuel cycle: :

calculation results (2015 update)

60 3500
50 + 3000
40 +— 2500
NEST v1s1 2000 NEST v1s1
30 1 u NEST v2s1 u NEST v2s1
20 mNESTv3s2 1500 mNEST v3s2
m G4-ECONS 1000 m G4-ECONS
10 +
- I 500 -
0 A T T T T T
LUEC, LUAC, LUOM, LUFC, IRR ROI 0
$/MWh $/MWh $/MWh $/MWh (60), % (60), % NPV (60) $/kWe total investments, M$
. NEST
parameters units visi v2s1 (HU)  v3s2 (MIT) G4ECONS
total investments M$ 2963.02 3070.93 2963.02 2991.67
LUEC $/MWh 55.82 52.83 53.25 54.05
LUAC $/MWh  31.29 32.31 31.17 31.47
LUOM $/MWh 12.11 12.11 2208 12.11
LUFC $/MWh 12.42 8.41 ' 10.47

{i&%} |IAEA 15 April 2016 8



Closed fuel cycle: Break-even reactor
calculation results (1/2)

NEST v4s2
= NEST v4s3
NEST v2s3
m G4ECONS
LUEC Capital O&M  Fuel Costs D&D Costs
Costs Costs
. NEST
Parameters units vAs? vas3 v2s3 G4ECONS
TCIC $/kWe 5198 5198 5325 5221
LUEC $/MWh 65.77 65.60 66.77 65.92
Capital Costs $/MWh 40.69 40.69 41.68 40.86
O&M Costs $/MWh 12.20 12.20 12.20 12.20
Fuel Costs $/MWh 11.36 11.19 11.36 11.23
D&D Costs $/MWh 1.53 1.53 1.53 1.53
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Closed fuel cycle: Break-even reactor -
calculation results (2/2)

12
10 +—
8 1 NEST v4s2
6 m NEST v4s3
NEST v2s3
4 +— G4ECONS (1)
I I m G4ECONS (2)
2 4
0 | | Wl =m
Total Fuel Annual Fuel Annual Annual HLW First Core
Costs Fabrication Reprocessing  Disposal Contribution
i NEST G4ECONS (2
Parameters units vAs? vas3 v2s3 G4ECONS (1) (2)
Total Fuel Costs $/MWh 11.36 11.19 11.36 11.06 11.33
Annual Fuel Fabrication $/MWh 6.91 6.56 6.91 6.49 6.49
Annual Reprocessing $/MWh 3.17 2.93 3.17 2.97 2.97
Annual HLW Disposal $/MWh 1.28 1.18 1.28 1.20 1.20
First Core Contribution = $/MWh - 0.53 - 0.38 0.67
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Findings from Benchmarking

* Excellent alignment in Capital, O&M and D&D costs
demonstrated comparing G4AECONS and NEST.

* Differences between G4ECONS and NEST results are
similar to those among different systems of NEST (HU,
MIT etc.) and are normally within 1-2%.

* Fuel costs treated differently (15t core, make up Pu)
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Potential Areas of Collaboration*

* Joint publications (benchmarking study)
* Model verification (new G4ECONS v3.0)

* Economic implications of integrating GenlV reactors
(e.g., VHTR) with renewables

* Economics of using GenlV in non-electric applications
(e.g., hydrogen)

* Cost benefit analysis of RD&D supporting nuclear
innovation (N12050, GAIN, and other initiatives)

e Others...

* Topics to be discussed at next EMWG meeting 27 April at NEA in Paris
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