se of Prodrisk for Investment
Analysis in Rgldal-Suldal

Revenue Calculations and Describing Power System Operation




Investment analysis with Prodrisk

 Revenue
* Which Power plants (topology) to build?
* And how large? > Build a framework to
« What are the cost of todays environmental restrictions? effectively answer the
* What is the cost of possible future environmental restrictions questions

» Cost of «avbgtende tiltak»?
» Implications for taxes and “konsesjonsavgift”

« Dispatch/Hydrology
« How would water levels, river discharges etc. be in the new system + base case with climate change

« Risk analysis
« System robustness
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Rgldal Suldal Kraftsystem (RSK) Topology Today
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Roldal Suldal Kraftsystem (RSK) Topology Applied for
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Workflow

Implementing a new case

)", restrictions):

« Separate function for each modeling change
o Topology/constraints/PQ curves etc

trict.remove_timedependent_minvol (prodrisk=prodrisk, module_name=
d I m p | e m e nt te St fo r eaC h fu n Ctl O n l trict.end_roldal_minvol_restriction(prodrisk=prodrisk, final_week=35)

.limit_roldal_max_minvol(prodrisk=prodrisk, max_min_kote=377)

o All tests are automatically run when
the code is edited

ct.remove_timedependent_minflow(prodrisk=prodrisk, module_name="5U

ct.remove_timedependent_minvol(prodrisk=prodrisk, module_name=
_remove_timedependent minflow(prodrisk=prodrisk, module name="Sl

[ U n iq u e COd e i n Case n am e ’ : ct.new vol head kvanndalsfoss(prodrisk=prodrisk})
ct.add_double Holmavann(prodrisk=prodrisk)

oe.g. "T8" or "wl"

-add_5m_Holmavann({prodrisk=prodrisk)

ct.add_min_discharge_kvanndalsfoss(prodrisk=prodrisk)

« Case name = combination of codes S
O e . g ) T8_W 5_| 1_)( 1+ U lS_b O_q O_u 2 tric t .set_unregulated isvann(prodrisk=prodrisk, build corrected il variant=

t.set_unregulated_isvann(prodrisk=prodrisk)

t.relax minflow suldalsvann(prodrisk=prodrisk, startuke=19, sluttuke= minflow=32.1)
ct.relax_minflow_suldalsvann(prodrisk=prodrisk, startuke=19, sluttuke=39, minflow=26.@)
ct.relax_minflow suldalsvann(prodrisk=prodrisk, startuke=19, sluttuke=44, minflow=21.@)

ct.grubbedjup_min_vol (prodrisk=prodrisk, min vol=8.6)

Lyse



Workflow

Running a simulation

/Inputs

Case name

Topology, constraints, PQ, etc

Inflow & price

Simulation period

Run type

Full simulation or test

Simulation notebook

Plot and check
(e]0]0][e]0)Y;

Build pyprodrisk
session

Run pyprodrisk

Results copied to archive

Result analysis

Lyse



Workflow
Running a simulation

Prodrisk run script

“.prodrisk _runner import ProdriskRunner
combination import PriceInflowCombination
iceInputs
port SimulationPeriods
shared inflow price combina
plot_mode import To Mode
RSK.inputs.inflow import InflowInputs
RSK.run_type import RunType
RSK.casebuilder.exceptions import ProdriskBuilderError, ProdriskRunnerError

shared. t:

%load_ext autoreload
%autoreload 2

prodrisk_version = "
num_processes = 3@

dump_session_as_model files
use_lognormal_inflow model =

failed_builds =
failed_runs = []

[1
Select what case names to run
case_names = [ ase name>"]
Select what price and inflow inputs to use
inflow_prices = [PriceInflowCombination(inflow=InflowInputs.HISTORICAL RAW.value, price=PriceInputs.MEDIUM.value)]
Select what weather years to simulate for
simulation_period = SimulationPeriods.DEFAULT_RSK.value

Select Run Type

run_type = RunType.PRODRISK RUN

Select Topology Plot Mode

topology_plot_mode = TopologyPlotMode.DEFAULT

Prepare to run Prodrisk

prodrisk_runners: list[ProdriskRunner] = []
for case name in case_names:
for inflow_price in inflow prices:

prodrisk_runners.append(ProdriskRunner{case_name=case_name,inflow_price=inflow_price,simulation_period=simulation_period,run_type=run_type))

for prodrisk_runner in prodrisk_runners:
prodrisk_runner.build(prodrisk_version=prodrisk_version,n_proc=num_processes,
use_lognormal_inflow model=use lognormal_inflow model,topology plot mode=topology plot_mode)
except ProdriskBuilderError as err:
failed builds.append((prodrisk_runner.case_name, err))

Run prodrisk

prodrisk_runner in prodrisk_runners:

try:
prodrisk_runner.run{dump_session_as_model files=dump session_as model files)
ept ProdriskRunnerError as err:
failed_runs.append(({prodrisk_runner.case_name, err))

If any builds or runs failed, display these

for failed_build in failed_builds:

print(f“Failed to build {failed_build[®]} with error: {failed build[1]}"

for failed_run in failed_runs:

print(f“Failed to run {failed_run[®]} h error: {failed run[1]}")



Modeling challenges

» Constraints starting at spring culmination — scenario-dependent
o Minimum discharge in Suldalsvann
o Minimum reservoir in Rgldalsvann

* Not possible with the SDDP methodology in Prodrisk
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Modeling challenges
Minimum discharge constraint in Suldalsvann

Constraint 1111 I/ I—)

1 1.8

| |
Ca.204-1.6
Spring culmination | o

Suldalsvann: Inflow, min discharge

U Anee el Constraint —)

6.5 29.7
Inflow* FEErnemr | 1981 — 1982 ;*MIN_DISCHARGE
Ol ell Constraint — ‘ . — .
20.4 1.6 97 Difference in simulated income from

earlier to current modeling: - 0.05%

* Additional inflow to Suldalsvann that cancels out the constraint
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Modeling challenges
Minimum reservoir constraint in Rgldalsvann

Follows accumulated inflow from
spring culmination until 2100 Mm3

Compared against simulation with
o Nice constraint in strategy
o Scenario-dependent constraint in final simulation

Similar simulated income as with median constraint

Rgldalsvann: Accumulated inflow from spring culmination

140
120
HRV

100

80 +

Mm3

60 -

40

20 +

777 7

— 378 //

”
Strict s ”’
constraint P
Nice
constraint
, 7
V%4 7 | | |
01-May 01-Aug 01-Sep 01-Oct
Median
constraint
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Visualization of results, model configuration and input
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AD: Dashboard webapp

Nice streamlit where you can plot and compare «everything»
easy to use — even for biologist and economists

Lyse
Welcome
Type
Investment ol
Timeseries
Overlay modules
Statistics
No
Topology
Project production, ROLDALSVANN
RSK v

Comparisons , ,‘/VVV/ \q[‘\l Mﬂ j! //V\f [_V\ﬁ \ WA

T9_w5_il x1+U... x

It seems like you have multiple subdirectories
(e.g., simulations) for one or more of the selected
cases. Select the wanted result directory to
proceed.

Subdirectory

historical-raw_medium_1981_2010 v
) Display tabular data

Price

Module(s) Attribute(s) Resolution
v ROLDALSVANN x o v production x o v Daily
(®  Specific scenario(s) Method Quantiles (%)
v v Quantiles v m m
S—— T \.\MF f R
N\

Deploy

Target unit [©)]

N7 None v

sduct u
base_case3_w0_x1_u2 v30.0
base_case3_w0_x1_u2_v31.0
base_case3_w0_x1_u2_v30.25
base_case3_w0_x1_u2_v30.75

ANN production media

base_case3_w0_x1_u2_v3

Price 0.0
Price 1.0
Price 0.25
Price 0.75

— Price
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Impose a change and evaluate the results

Creating heatmap for ('inflow', 'price', ‘result type'): ('historical-raw', 'medium’, ‘income + vol change [MEUR]'):
base_case2 m0 base_case2 m0_v1 base case2 m0_v2 base case2 mO_n2 T7_f0_i0_s0+U8_m0 T7_f0_i0_s0+U8 mO_v1

C ase com p ar | son I | st “Kvanndal 2° >Kvanndalsf.(C.0.T) / Holma.->Suldalsv.(A, LK.L) / Holmav.->Sandv.(AA,AB,AE) f

Sand! K dalsfoss(R,S,AB,AE) / Sandv ZAA) i

T7.10.i0_50+U8_ m0_v2 T7_f0_i0_s0+U8_m0_n2

K dal": Sand 5 L,

a
“Suldal 2": Kvanndalsfoss-> Suldalsvatn 8

]
Kvanndalsfoss->Suldalsvatn '§

“Nordmork” K dalsfoss->Sull (base_case2, T7 f) f

“Middyr": Nupstjem->Middyrvatn e

“Svandalsflona™: Middyrvatn->Votna

"Midtlaeger™: Tjern1183/Inntjenn->Votna

Finnabuvatn->Vasstelsvatn s
doy
“Vasstel”: Finnabuvatn->Vasstelsvatn °. . o
o,
“Roldal 2" Votna->Reldalsv. (U1->U8) / Votna->Vasstalsv. / Votna->Valld. / Votna->Suldalsv. | "
“Novle 1" Votna->Valldalen 8

“Novle 2" Votna-> Valldalen (AL1,U4,U5,U8) L

3

/ >

“Reldal 17 Valldalen->Reldalsvatn
Validalen->Reldalsvatn [ig

“Suldal 1" Reldalsvatn->Suldalsvatn 8
Reldalsvatn->Suldalsvatn ll

Pumpe Kvanndalsfoss->Holmavatn

Pumpe Kvanndalsfoss- >Holmavatn (C1,01,U7,U8)
Pumpe Kvanndalsfoss- > Holmavatn (A1,J1,K1,L1,U5) L
Pumpe Vasstolsvatn->Holmavatn :

Pumpe Kvanndalsfoss->Sandvatn (Z,AA) n"

Pumpe Kvanndalsfoss->Sandvatn (RS ,AB,AE)
Pumpe Reldalsvatn->Votna :,"

Pumpe Validalen->Votna I

Pumpe Kvanndalsfoss- > Finnabuvatn ‘h

Pumpe Vasstelsvatn->Finnabuvatn 5

Pumpe Kvanndalsfoss->Vasstelsvatn | "

Pumpe "Grytoyr": Valldalen->Vasstalsvatn L’

Pumpe Reldalsvatn->Valldalen '

Sum av moduler
3

Total for vassdraget /8

-



Take home message

When investing 7-8 mrd. NOK you want to be sure that you have minimized uncertainties with the Prodrisk domain.

= We have built a framework for modelling:
= Building cases and inputs
= Visualization
= income calculations
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