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HERON Workshop Examples

A case-by-case training in running HERON

Idaho National Laboratory



Learning by Example

« HERON cases from basic to complex
 Exercises, follow-alongs

« Examples found in HERON/tests/workshop/
* This case can be found in workshop/simple/
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Example 1

As Simple As They Come

o:()e;’) I ES

L\ Integrated Energy Systems




Starter Case

 Components

 NGCC (natural gas electricity generator)
 Import (imports electricity from external) m

* Grid (demand to be met)

* Objective
« How big should the NGCC be built to minimize costs? E
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Starter Case

» Guiding Physics/Economics (Drivers)
* Grid

- fixed demand to be met %
* NGCC
- Capital cost for sizing m
 Variable cost for dispatching
LN
|-

* Import
 Variable cost (expensive!) for providing electricity
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Translating to HERON

* SEee HERON/tests/workshop/simple/heron_input.xml

e Case

@ * Global information about the problem
» Time shape, discount rates, solvers, etc.

—_  Components

« Technical and economic properties of each component
* Produces and Demands
» Dispatch: Independent and Fixed

‘ /\/  DataGenerators

 Synthetic History Data Source

LWRS LA i &;; IES

(/ 9 Integrated Energy Systems




Component by Component

 Grid

Technical Specs
Action Demands electricity
Flexibility Fixed (must meet demand)

Capacity From synthetic time series (trained separately)

None System is regulated market; minimize cost to meet demand,
so there is no sales profit at the grid

&
fonomies [
[Le ]
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Component by Component

* NGCC

Capacity Variable from 10 to 60 GW (note: units not included)

Capex Overnight cost of building component per GW installed

Technical Specs
Action Produces electricity
Flexibility Independent (0 to [Capacity] each hour)
4\

Variable O&M Operation and fuel costs per GWh produced
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Component by Component

* Import

Technical Specs

Action Produces electricity
Flexibility Independent (0 to [Capacity] each hour)

Capacity Large number (infinite source)

Variable O&M Operation costs per GWh imported

LWRS (A oL IES
SUSTAINABILITY .: ),ﬁ >

/\/
—— (/\g

Integrated Energy Systems




Consider the Case

* Why Import?
* Why not just have NGCC?
* [f NGCC not enough to meet demand, solve “fails”
« This doesn'’t provide useful feedback to optimizer; it doesn’t know what’s wrong

* Instead, provide large incentive to meet demand with NGCC

« Example: GW

P G

<> Den

Import
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 Stochastically Trained
« Based on NYISO projections from EPRI

Wind Capacity Utilization

Solar Capacity Utilization

—— Synthebic

—— US-REGE

//734551;;:;:3\!1
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See INL/EXT-21-65473,

“A Technical and Economic
Assessment of LWR Flexible
Operation for
Generation/Demand
Balancing to Optimize Plant
Revenue”, Dec 2021
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Running the Case

> /path/to/heron heron_input.xml

> /path/to/raven_framework outer.xml

« Sweeping over 6 build sizes
* ~90 seconds, results may vary by OS, machine

* Things to look at (see following slides):
» Screen Output
-1 simple o/sweep.csv (Spreadsheet) progress
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Things to Look At While Running

» Screen Output: How To Read the Matrix

« Sweep Sample
Submission of each individual parametric sweep value

( ) UTILS : Message -> importing module /Users/talbpw/projects/HERON/tests/workshop/simple/write_inner.py

current working dir /Users/talbpw/projects/HERON/tests/workshop/simple/l_simple_o/sweep/1/1_simple_i

already exists, this might imply deletion of present files

( .04 sec) CODE MODEL : Message -> Execution command submitted: python /Users/talbpw/projects/raven/raven_framework.py inner.xml
( 14.30 sec) CODE MODEL : Message -> job "2" submitted!

( ) UTILS : Message -> importing module /Users/talbpw/projects/HERON/tests/workshop/simple/write_inner.py

current working dir sters/tulbpwfprojects/HERON[testsfworkshopfsimplefl_simpleigggweepf2/1_simple_i

already exists, this might imply deletion of present fil

C 14.31 sec) CODE MODEL : Message -> i submitted: python /UseM™s{talbpw/projects/raven/raven_framework.py inner.xml
( 28.35 sec) CODE MODEL : Message -> job "3" submitted!
( ) UTILS : Message -> Jsersftulbpw/projectsfHE /tests/workshop/simple/write_inner.py

current working dir /Users/talbpw/projects/HERON/test shop/simple/l_simple_o/sweep/3/1_sim

already exists, this might imply deletion of present files

C 28.37 sec) CODE MODEL : Message -> Execution command submitted: python /Users/talbpw/projects/raven/raven_framework.py inner.xml
( 42.43 sec) CODE MODEL : Message -> job "4" submitted!

( ) UTILS : Message -> importing module /Users/talbpw/projects/HERON/tests/workshop/simple/write_inner.py

current working dir /Users/talbpw/projects/HERON/tests/workshop/simple/1_simple_o/sweep/4/1_simple_i

already exists, this might imply deletion of present files
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Things to Look At While Running

1 simple o/sweep.csv — progress of the sampler
\ J \ J
case r%ame outer samplian record

Mean NPV Statistics
(objective)

Component Sizes
(opt variables)

med_NPV max_NPV min_NPV perc_5_NPV  perc_95_NP
-1.45E+15 48 21 “44E+15

-1.48E+14 8.16E+12 -1.47E+14 -1.35E+14 -1.62E+14 -1.61E+14 -1.35E+14

-2.10E+13 2.26E+12 -2.15E+13 -1.76E+13 -2.87E+13 -2.19E+13 -1.76E+13
44695411392, 23138082.08 -44694651120 -44623613855 -44741445826 -44721761624 -44674855393

00 -53701771556
100 -62700167382 2869

3673.28 -53696223454 -53665091635 -53768175157 -53756572079 -53666150070
-62694488552 -62663196972 -62779677618 -62754136255 -62668359434

Inflection Point
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Converting to Optimization

« Converting Input
- Change <mode> to opt 4 = | c | o

Ml ngcc_capacity import_capacity mean_NPV std_NPV 1

» Swap from <sweep_values> to <opt_bounds> [ 10 0| 14Sevis| 179613

3 20 100 -1.48E+14 8.16E+12
« Use sweep results to establish bounds 4 30 100, -2.10E+13)  2.26E+12
5 40 100 -44695411393| 23138082.08
6 50 100 -53701771556 1 30123673.28
7 60 100 -62700167382 28695113.29

* Optimization requires many more “outer” samples!

» ~90 minutes for this case to converge
- Time may vary by OS, machine
« ~250 iterations

<5 1ES
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Running the Case

> /path/to/heron heron_input.xml

> /path/to/raven_framework outer.xml

* Optimizing size (takes some time!)

* Things to look at (see following slides):
» Screen Output
1 simple o/opt soln @.csv (spreadsheet) optimizer progress
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Things to Look At While Running

» Screen Output: How To Read the Matrix

» Accepted Sample
This means a new optimal point has been found!

PointSet : DEBUG -> Wrote master cluster file to "opt_soln.csv”
PointSet : DEBUG -> Wrote sub-cluster file to "opt_soln_@.csv"
PointSet : DEBUG -> Printing metadatgd=—"0pt_soln.xml"
STEP MULTIRUN : DEBUG -> Just co ed job 261 and sent to output "opt_soln"

GFEdiEHtDESCEHt . DEEUG - LS - e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ol e e e e e e e ol e e e e e e e ol e e e o o e e e e o e e o e

GradientDescent : DEBUG - Trajectory @ iteration 171 resolving new opt point ...
GradientDescent : DEBUG -> ... _change: -3.520e+05 new: 7.202887e+09 old: 7.203239%e+09
GradientDescent : DEBUG -> accepted!
GradientDescent : DEBUG -> Eunvergence Check for Trajectory @:
GradientDescent : DEBUG - ... [grudlent : False, 3.33e-02 / l.@@e—@4]

GradientDescent : DEBUG objective : False, 2.17e-@5 / 1.00e-08

GradientDescent : DEBUG same point : False, 0.00e+00 / 1.00e+00

GradientDescent : DEBUG Resetting convergence for trajectory @.

Grﬂdientnescent . DEBUG o e i e e s s e ale e sl ol e e e we e e e ol e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o e e o e

STEP MULTIRUN : DEBUG Testing 1 anpler 1s ready to generute a new i1nput

GradientDescent : DEBUG ... Sample point 26Z: Jee—aapa e BSOS IITII0006, 'denoises': 20, "import_cg

CODE MODEL : Message Jjob "262" submitted!
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Things to Look At While Running

» Screen Output: How To Read the Matrix

* Rejected Sample
This means the new proposed opt point is worse than the old opt point
Reasons: inaccurate gradient, too large step, no better points nearby

* Happens frequently especially near the end

STEP MULTIRUN : -> Just collected job 249 and sent to output "opt_eval”
PointSet : -> Wrote master cluster file to "opt_soln.csv"

PointSet : -> Wrote sub-cluster file to "opt_soln_@.csv"

PointSet : -> Printing metadata XML: "opt_soln.xml"

STEP MULTIRUN : and sent to O

GFQdIEHtDESCEHt . e o e de ue e o u ale o e e e e e e e e e e e s e e e e ae e e e o e e e ol e e e e o e e e o o e e g o e EE L L EEE L EE R EE L S 2]

GradientDescent : Trajectory @ 1teration 163 resolving new opt point ...
GradientDescent : ... change: 1.706e+06 new: 7.204945e+09 old: 7.20323%e+09

GradientDescent : .

GFQdIEHtDEECEHt . EXEEELEEELEEEEE AL LS E R RS Y] e e e e e e e e o e o e o e e e e e e

GradientDescent : ' for ttglf"ﬂ” 1teratl
GradientDescent : * Submitting new opt and grad points *
GradientDescent : Adding run to queue: {'ngcc_capacity': 39.989015501936677, 'import_capacity': 100.0
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Things to Look At While Running

» Screen Output: How To Read the Matrix

* Rerun Sample
* Return to best-so-far opt point and rerun the gradient, cut step size
« Helps to resolve two reasons for rejecting proposed opt points

7370.07 PointSet : -> Wrote master cluster file to "opt_soln.csv"

7370.09 PointSet : -> Wrote sub-cluster file to "opt_soln_@.csv"

7370.09 PointSet : -> Printing metadata XML: "opt_sol 1"

7370.09 STEP MULTIRUN : 50 and sent to output "opt_soln”

?3?@ 1@ Grﬂdientnescent . e e sl e e sl s e e e e e e e e o e e e e e e e e e e e e e e e e ol e e e e e e e ol e e e e e o e ol e e e e e e e e e e e e e e e o g

7370.10 GradientDescent : -> Trajectory @ iteration 164 resolving new opt point ...

7370.10 GradientDescent : -> ... change: 1.956e+0b new: 7.205195e+09 old: 7.203239e+89

7370.10 GradientDescent : .. m

?S?B.lﬂ ErﬂdientDESCEHt : e e 3 o e o o e e e e e ol e ol e ol e e e e e e e ol e e e e e e e e e e e e e e e e e e e e e e e ol e e e e e e e e e el e e e e e ke
7370.10 STEP MULTIRUN : -> Testing if
7370.10 GradientDescent : ->

100.0}

(
(
C
(
(
C
(
(
C
(
(
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Things to Look At While Running

1 simple o/opt soln @.csv — progress of the optimizer
\ J \ J
case r%ame outer optimization Yrecord

Mean NPV
(objective)

Component Sizes
(opt variables)

Optimizer Steps
(sets of samples)

c > Z
gl o
igCepted ngcc_capacitimport_capitmean_NPV
irst 100 -1.425£+10

Status of each step
- Accepted: improvement!

17.5

N
2
. g accepted 23.5 100 -7.436E+09
- Rerun: re-check gradient : o cted 115 100| 1.423E+10
> rejecte ' : Note our losses are getting
6 rerun 235 100 -7.432E+09 ler!
7 4 accepted 31.5 100 -7.229e+09 >Malier:
8 6\accepted 36.833333 100 -7.207E+09
9 7 Pejected 26.166667 100 -7.292E+09 .
LWRS (A s . L IES
REACTOR 10 8 rert 36.833333 100 -7.202E+09 o %>
D e — 11 9 rejected 29.722222 100 -7.234E+09 PN negrated Eneray Systeme

10jrerun 36.833333 100 -7.2040+09 S
A4 o _*_ a2 1 el atTals lntaks ) ElNaTal e e W el atlTal



Now that it’s done ...

[ A B c D E

169|rejected 1| 39.989016 100 -7.21E+09
170 rerun 39.989016 100  -7.2E+09

* Things to look at (see next slides) R

S -
173 rejected 39.989016 100 -7.2E+09

174 rerun 39.989016 100 -7.2E409
o O pt S O l n @ C S V 175 rejected  39.989016 100 -7.21E+09
—_— " 176 rerun 39.989016 100 -7.2E409
fi g ” Ui sseo0is] 100 7216w
- filt tCSVDb pted” t pt path LS 2
I e r O p y acce e O See acce a n Ce a 179 rejected 39.989016 100 -7.2E+09
. . . « ” . . 180 rerun ) 39.989016 100 -7.2E409
« final solution is the last “accepted” point in the CSV tetrgened | 30969016| 107,260
183 rejected  39.989016 100 -7.21E+09
° O -t a -t h n 184 rerun 39.989016 100 -7.21E+09
p p . p g 185 rejected  39.989016 100 -7.21E+09
— 186 rerun 39.989016 100 -7.21E+09
. . . 187 rejected  39.989016 100 -7.2E409
* visualization of opt_soln_0.csv woren  momms 100 721040

Optimization Path

36 <
3 34 X
g3 %
g L . . . . .
s sk ol o o ol ol o o ool ok o ol ol o o ke ol o o ok ol o e ke ol e o o ol o e ke ok o 105 Legend
£ first
- Dptlmlzer F-Lnnl RESUltS: ElDD— OO D D O DD L D DD DD —O—ac_cepted
. : . o —— rejected
- fFinal Optimal Point: g —— rerun
£ i i i i —e— final
mean_NPV -4.007e+10 L
trajID @ g x
. ! X
ngcc_capacity 3.485e+01 57 >
Y T T T T EIITTTIIITTTIIITTIIIIIIIL x , , , , ,
0 50 100 150 200 250

Optimizer Iteration
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Things to look at now that it’s done

Screen Output

e Summary of optimizer status
 Trajectory that found best point
* Objective value
* Opt Vars values

o Sk o ook ol o ook ok oo ok koo ol oo ok o ool ok oo o ok oo ok oo ok o

> Optimizer Final Results:
- Final Optimal Point:
mean_NPV SN HISUN Objective
trajID @
ngcc_capacity 3.485e+01 SIIAYELS

o % sk ek ook s ok s ok ok ok ook s ok ook ook sk ok sk ok ok ok ok ok
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Things to look at now that it’s done

1 simple o/opt soln ©.csv
* “final” point is solution

« 243 iterations is low (good!)
iteration accepted ngcc_capacit import_capacmean_NPV std_NPV med_NPV

0 first 31 100 -1.64E+13 1.50E+12 -1.71E+13
1 accepted 35 100 -4.02E+10 20730339 -4.02E+10
236 rerun 34.845283 100 -4.006E+10 21055041 -4.006E+10
237 rejected 34.845283 100 -4.006E+10 16911537 -4.006E+10
238 rerun 34.845283 100 -4.005E+10 16726200 -4.005E+10
239 rejected 34.845283 100 -4.006E+10 22230139 -4.006E+10
240 rerun 34.845283 100 -4.006E+10 17962306 -4.007E+10
241 rejected 34.845283 100 -4.006E+10 28813156 -4.007E+10
242 rerun 34.845283 100 -4.006E+10 24491243 -4.005E+10
243 aqceptedww :
243 final 34.845283 100 -4.007E+10 18944063 -4.007E+10
opt var objective ~
LIGHT WATER ]
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Things to look at now that it’s done

1_S imple_o/opt_path . png Optimization Path

, 36 —
- M | Sl
essy plot o " towards the end only small changes
capacities _J Legend
* Many plOtS are bad (opt vars) E o first
 but some are useful E' 100 4 €59 GO DT DI O ST OO0 OO0 S : ;:fzd
-,E 95 : final
* Not intended for report quality — enev; | of[*F
* Indicative of process (objective) =z, "
5 -1 «
a
Ix T T T T T
)] 30 100 150 200 250

Optimizer Iteration
most optimization happens in the first

few time steps
I_WRS LIGHT WATER o9 I ES
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Wrap up Example 1

 That's it!

- Takeaways:
 3-unit problem, single resource
* Setting up feasible problems

* Running and observing HERON runs m
o
|-

* Viewing results
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