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What is the resource potential in a selected region?
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« Economic Feasibility
Requires Efficient
Capital Utilization:

The impact of improved
capital utilization,
increased reliability, and
enhanced maintainability
on overall plant revenue
must be characterized
and understood.
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Energy System Modeling, Analysis, and Evaluation
for Energy System Optimization

Graded approach to identify design, and
evaluate hybrid system architectures

Aspen Plus® and HYSYS® Modelica®, RAVEN
Process Models Aspen Dynamics® (INL System Optimization)
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Process modeling addresses
technical and economic

System modeling

Dynamic modeling addresses addresses whole-system

technical and control
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IES: Artificial Intelligence (Al, Supervised Learning) Generation and
Validation

» Addresses computational cost of
probabilistic analysis : Simulation executed using Al

* Al is used to develop surrogate f ST — A
models for complex, computationally 2 N | |
expensive, physical models ¢ d

« Concepts such as the hybrid model  _
in RAVEN are currently being % @j‘"f‘“’—L ! i b
extended to time dependent Al 2 = '
(supervised learning) g Simulation executed using the original model

+ Al validation is being tuned for these = =% 50 100 150 200
. . Number of Hybrid Model Executions
applications

* Needed 1000 simulations to generate a good statistic
» Al learned to replace the original simulation (\,-
o 1IES

» Only about 200 simulations were executed using the real model
(/ \. M eqrated Erergy Systems
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Example Optimized Hybrid System Performance Results

INL-Developed Toolset

« System design optimization using time
histories for one year I Nuclear Powerto Grid Il Natural Gas Power Gen = =
i i 600 | BN Nuclear PowertoH2 [ Battery Charging/Discharging

* Results shown for a selected time history, one NI Net Demand total demand minus wind)

week period (hourly resolution) N ; : .

500}

+ Optimized component capacities

* Nuclear Reactor 300 MW, o
« Hydrogen Plant Capacity 120 MW, ‘
(shown as negative — electricity input; E l
70% turndown limit; H, market price - $1.75/kg-H,) I
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+ Gas turbine 200 MW,
 Electric battery 100 MWh
+ Wind penetration 400 MW, 100

(100% of mean demand, installed
capacity, 27% capacity factor)
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Capacity Dispatched (MW)
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+ Penalty function applied for over or under
production of electricity.
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INL issued public-facing reports on in FY 19 that provide the foundation for demonstration of using LWRs to

produce non-electric products:
Example: Analysis results for H2 production, compression and

« Evaluation of Hydrogen Production Feasibility for a delivery prices to meet ammonia plant demand.
Light Water Reactor in the Midwest
Repurposing existing Exelon plant for H2 production via s R . o | i
high temperature electrolysis; use of produced ceamnarrs | ! (908 Mwe) ! 92.4% OCF
. 2 . . . $2.50 (AEO 2018) 1 - '
hyd_r_ogen for mu_ItlpIe off-take mdustngs (ammonia and I I o1 o |
fertilizer production, steel manufacturing, and fuel cells) ., | — : - o !
- - ° - 1
(INL/EXT-19-55395) cv> IES e I .

$1.50
f/ e Imtegrated Energy Systems

$1.00

« Evaluation of Non-electric Market Options for a
Light-water Reactor in the Midwest s050
LWR market opportunities for LWRs with a focus on H2
production using low-temperature and high-temperature
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