INL/CON-24-81613-Revision-0

Data-Informed Evaluation
Framework for Integrated
Energy Systems: Insights
from Power, Process Heat,
and Hydrogen Production
Applications

October 2024

So-Bin Cho, Rami M Saeed, Todd Allen, Xiaodong Sun

.

|daho National

|_(] oml‘ory INL is a U.S. Department of Energy National Laboratory operated by Battelle Energy Alliance, LLC



DISCLAIMER

This information was prepared as an account of work sponsored by an
agency of the U.S. Government. Neither the U.S. Government nor any
agency thereof, nor any of their employees, makes any warranty, expressed
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness, of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately
owned rights. References herein to any specific commercial product,
process, or service by trade name, trade mark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the U.S. Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect
those of the U.S. Government or any agency thereof.




INL/CON-24-81613-Revision-0

Data-Informed Evaluation Framework for Integrated
Energy Systems: Insights from Power, Process Heat,
and Hydrogen Production Applications

So-Bin Cho, Rami M Saeed, Todd Allen, Xiaodong Sun

October 2024

Idaho National Laboratory
Idaho Falls, Idaho 83415

http://www.inl.gov

Prepared for the
U.S. Department of Energy
Under DOE Idaho Operations Office
Contract DE-AC07-05ID14517



Data-Informed Evaluation Framework for Integrated Energy Systems:
Insights from Power, Process Heat, and Hydrogen Production Applications

So-Bin Cho &b, Rami M. Saeed ®, Todd Allen 2, and Xiaodong Sun 2
a University of Michigan, P Idaho National Laboratory |. BACKGROUND

l1l. RESULTS Il. METHODS Multi-Criteria Decision Analysis (MCDA)

Input
Visualized Uncertainties in Decision Making a. Data-Informed Thresholds Determination Stage 1
Establish decision goals Stakeholder interests
. . oM «10* _ Capex Supply chain * |dentify and select criteria Published paper
> 1 | | _ Total Criteria Integration i : Towcron ]| * Formulate alternatives
o 0.8 - |[——AP1000 100 * 15 : ) N
— — = | |
© | | = g - %2
a Nuscale % 1 | T
>067 BWRX-300 T S s @ -‘ Eo Stage2
= Xe-100 i 05 Score the alternatives
5 04r : iy — | 1 : Market and vendor database
8 eVinci i - i L. i I * Rate the alternatives
Q0.2 |===-] . . :
o IMSR } 100 Efficiency Thermal power 5000 Electric power 500 Steam temp. Ramp rate Establish thresholds and standards Experts Survey data
a o0 ' ' ' . ' ' 5000 ™ * 10 . * Assign the criteria scores
0 0.1 02 03 04 05 06 07 08 09 1 80 4000 | 4000 .
Power Application 60 = 3000 ! 3000 40 z
> 1 l ppTcati 3 - = : 5 E ® Stage 3
[z 0 m = = T 200 A = 4 O Rank the alternatives o L
S 0.8 . ”0 iy | 1000 1000 , - S Multi-criteria decision-
o ) Q * Normalize the criteria scores making (MCDM) methods
2 0.61 l 0 . . o * Determine the subjective weights
=04+ _ Lifetime Licensing Minimum generation
e 3 100 . : 5 T 100 Data Source: INL (2023), NEA (2023), IAEA (2020)
0 L _
e) 0.2 : %0 T ‘ | ” | Optimal IES design
a 0 | | | . N | . 60 Ej %3 T - 60 H Egccrafnomlc
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 = ] L = | erlormance . . . .
. * | i ® 5 I Reliability/Safety/Reguiatory | Qyerview of the conventional MCDM process for selecting the optimal
Process Heat Application 20 | 1 — 20 - [ Environental/Policy . ]
2 1 ' ' ' ' ' ; 1 i i i . integrated energy system (IES) design
QEJ 0.8 - 7] , . 1oPlant footprint * Nuscale
()] | Max.: 900000 | ¢+ BWRX-300
> 0.6 - | . ; Without appropriate thresholds, permanent A Xe-100
by et . ‘ . . . . Vinci
= 0.4 - /\ . A information loss occurs in scoring. x e
o) X - | * iMSR
- .| IMPACTS
Q 02+ - ’ = = |
O 2
n!__ 0 | | | . o~ | 0.5 3 . . . .
Y S W R ey We propose a framework for achieving consistent

Hydrogen Production Application assessments across various stakeholder groups.

Boxplots showing the distribution of values for each criterion across . Our anoroach effectivelv svnthetizes the relative standin
l | reactors, with the data for six individual reactor highlighted: PP y sy J

| | Traditionally, threshold values for scoring on a numerical scale have been of each criterion.

—

set based on decision-makers' subjective judgements.

Probability Density
©O O O o
N R O

o |

0 01 02 Cr'f I‘?-“d - tU-If’S 0-?8 0r 08 09 1 b Chanae-Point Analvsis Derived thresholds based on selected 11 criteria: Thresholds are established
ormalize otal oum 0O cores . . 3 . . .o
' 9 y based on the points where the mean of each criterion changes most significantly.
Scorfe d|§tr|but|9ns for six rgactor al.ternatlves acros.s va.\rlous . Statistical methods identify points where a change in Cterion desciption L
applications (with equal weights assigned to each criterion): The e ocollrs Criteria domain | Criterion | Quantitative measure _Indicator(s)/Assessment 5 4 3 2 1
g i : . E ' O&M cost Variable O&M cost $/kWh <22 22 42 74 103 <
x-axis represents the competitiveness level of the reactors, while Exponential Curve Fonomie ot | Ve O st e betier
Y P Y 8 y : ; | investment (OCO) Direction: smaller-the-better
I Supply chain | Public OECD-NEA Small Modular >4 3 2 1 1>
4t 4 t announcements by Reactor Index
1'! ---------- suppliers and partners  Direction: larger-the-better
S U M M A RY B Performance System Thermal-to-electric [%] > 45 39.3 33 28 28 >
3t sl e | efficiency conversion ratio Direction: larger-the-better
LA " " " " " o Meeting Steam temperature [°C]* > 530 500 450 272.7 272.7 >
o We eX pl I C Itly 18 C I u d e u A C ertal ntl eS Wh en eStab I IS h N g c% K _ | requirements Direction: larger-the-better
. - - - ; - R ' R %/min]* >1 2. 2.
thresholds and scoring each criterion on a numerical 2f oo | 2 ée [fomprime | Romp et Oimotion: gerthobetir o =
Scalability Power capacity [MWe]* >3926 2800 1250 480 480 >
scale (e.g., 1'5)- N | -0 Mean souare | [MW{]* >1356 1000 468 185 185 >
. . . . T [ [ R R . Direction: larger-the-better
; e \We focus on the distribution of estimates for each Saturating Curve e e Deviation Reliability/Safety | Lifetime Technology lifetime [y];]_ o >70 50 30 10 10>
1rection: larger-the-better
: - 0 ' ' ' ' 0 ' ' ' ' ' ' - — . S
criterion (e .g., CO sts and P erformanc e) : 25 30 35 40 45 50 200 250 300 350 400 450 500 550 System Minimum generation  [%] <15 15 40 50 60 <
_ _ . Efficiency [%)] Steam Temperature [°C] ] :abﬂ;t)t/ E_vel : oglé%tﬁﬁﬁrgauﬁ-ﬁeébiﬁer = 3 5 1 =
 We conducted case studies on six reactor designs for _ : A oty |t with  Restortoden o3
the three applications Comparison of different methods for determining thresholds: thermal- regulators Direction: larger-the-better
PP ' to-electric conversion efficiency (left) and steam temperature (right) Environmental ' Land impact | Plant footprint e etebeer Y& 0 200

.

This work was prepared for the U.S. DOE Office of Nuclear Energy (DOE-NE) via funding from the Integrated Energy Systems (IES) program) at Idaho National Laboratory by Battelle Energy Alliance LLC.

wwwinl.gov C}ﬂb ldaho National Laboratory




