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Market models are a result
of a long-term commitment
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® Market models for
hydropower systems

SINTEF

SINTEF together with NTNU develops software tools for stakeholders in the L7

MNordic power market / system.

The fundamental market models represent an important part in the chain for

creating value from Norwegian renewable energy sources. T

These decision support tools are applied for analyses, planning and dispatch,
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by various stakeholders.
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Sucessful model development is made possible by continuous R&D based on

a partnership of public authorities, the power sector and providing world-
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©f Market models in tension between
skl research forefront and industrial standard

agenda

Research and
development, pilots
Specialist tools, access

O Documented products
and services

O standards that are easy
to integrate at
customers

O Open and well
documented processes

Past & current situation Future needs

* Customer requirements are turning towards
a greater degree of standardization and
integration with customer solutions
as well as flexibility for market changes.

* High guality

* Standard and state-
of-the-art code

* Open modular
solution

* Easy to integrate

High rate of change
N ndard" use of
models

* SINTEF has successfully been
developing solutions in accordance
with customers' challenges and needs.
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®
sl Method for ngLTM — knowledge base

SINTEF

Fansi SOVN X X X Relevant kompetanse/erfaringer for alle 3 deler. Stor del av
kildekode skrevet fra "scratch”, Brukt i forskningsprosjekter
EMPS-W MAD X X Simuleringsmodellen lik som FanSi, uten scenariovifte, med
vannverdier fra EMPS, Testet og sammenlignet med EMPS,
Primod PRIBAS X Flere tekniske detaljer i simuleringsdelen enn FanSi og
EMPS-W. Heyniva modellgenerater (Pythen/Pyomoal.
o L [d ReOpt Werdien av X X Forlgper til EMPS-W. Vi kan anta at erfaringer fra denne
fleks. Vannkr. medellen er viderefert med EMPS-W,
ProdMarket Internt X X Basert pd ProdRisk og geografisk dekomponering, Metode
brukt inn i videreutvikling av FanSi i Rakett.
Samplan Ca 1995- 2005 X Metode for verdisetting: SDDP.
EMPS Siden ca 1975 X Detaljrikdom | dokumentasjon av anvendt funksjonalitat.

Vanrwerdimeteden (SOP) + kalibrering.
Tappefordelingsloglkk for detaljert vannkraft.

Energisystemet transformeres av

giennomgripende endringer som er EMPS AP =]
sterkt gkende bade med hensyn pa -
omfang og tempo. i | Short-comings of todays heuristics

~ Ability for large-scale data in- and output to moedels Flexibiliw in water courses

[detailed datasets, time series, ...}

# Potential to present mare and more detailed results EMPS FanSi

= Efficient model interface

Nye teknologier og digitalisering er
en utf.o rd rlng Og mullghet.l det « The underlying idea of the APl project is good and future oriented. H
fremtidige kraft- og energisystem.

Complexity in hydropower planning models

e — e il ————

Draw-down heuristics (tappefordeling)

* EMPS comprises an advanced multi-stage solution concept | T

for long-term hydropower planning to: J- o i
solve the problem at all and solve it fast and robust - \ =
* Developed for finding dispatch for > 1600 hydro modules (aggregation, water-value calculation, disaggregation, simulation) / - , -

Vi trenger nye fundamental- iy

modeller som gir oss evne til i B o -

a forsta og styre utviklingen

av det fremtidige g TP BRIt vambert s iy it
% SINTEF

e n e rg i Syste m et developed to respond to expected future variability and flexibility in the power system
.
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SINTEF

Project sketch based on
conclusions from the
pre-project

SINTEF focuses on the development of a state-
of-the-art calculation CORE for a fundamental
market model with a well documented
interface for the integration with third-party /
customer solutions.

SINTEF "inside"

3rd party solver
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Proof-of-concept (POC)

Next generation market models
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What is the
sl concept?

The concept "Next
generation market
model" describes:

|. the mathematical method
that is to be applied in
future market models

. how this method is
implemented in software,
documented and
supported

.and the process of the
software development
and customer

involvement

POC Focus areas
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ngLTM Project Management Board

ngLTM Experts team

Fnarn Load =
Stafar) Jeahnet -

E Project organization - SINTEF

______________

E Implementation — Architecture
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GitLan.com

Samarbeid \
via GitLab B

© | neLTM Rulease intrastrustu

Jupyter Notebook

Demotekst/illustrasjoner
+
Levende kode
+

Resultater

SINTEF



miill Timeline for the PoC and main project

Wlzin Project (IVIP)

nglTV
Start Closing the
Contracting Project implement- Project plan PoC / Start
Pre Project Resources proposal ation sprints for ngLTM Main project
LT™M PoC ngLTM PoC nglLTM PoC nglLTM (MP) ngLTM
Project plan Forming the Consortium Preliminary Decision
PoC nglLTM Consortium Agreement Results gate for the
PoC nglLTM Decision gate PoC nglLTM MP
PoC ngLTM ngLTM
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Stepwise development
og next generation
market models
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Tematisk:
SINTEF - - ML / HPC
PrOJECt porthI |0 Optimisation methods
§ Model development
° 1 Forprosjekt LTM Model analyses
Q
<
g EU EuroCC | TmMm HPC
= IPN GoHydro
é EU OpenEntrance
Q IPN VannFly IPN Rakett Redux
o IPN MAD
é l;:NRS:rr;ItEffekt IPN Integrate
ake
- KSP CleanExoort KSP 100% Fornybargpme y1j vannkraft & Marked
0 FME HydroCen P KSP ApproxHydro
g KPN PriBas KSP HydroConnect EP Kvantedata
for na fremtidig '
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ng 2025 2030

Neste generasjon

Langsiktig strategi

[Modellredulwimn] [ wec |

Ny design for
prissetting

Storskala

Dekomponearing
Skyl@sning

ropa
Nettrepresentasjon Sektorkobling mmersiel|
leverandgr
Miljarestriksjoner
Proo .

concept Dokumentasjon

Integrert Test infrastruktur
Modellportal iklingsmiljg [ Testing

SINTEF

Hastighet
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markedsmodeller

Automatisert
modellrammeverk

Tjeneste
leverandgr

Klimaendring

o
=
=
2
jus |

Kraftsystem
Worden

3 SINTEF

Kraftsystem
Europa

Fremtidig
markeds-
simulering

Skyl@sning

vannkraft

Test infrastruktur
Testcase

Ettersparsel Linux PC [ Server

Win Server

Elektrifisering

Nettrepresentasjon

Fleksibilitetslgsninger

Sektorkobling

Kapasitet- og
fleksibilitetspris

My markedsdesign

Korttidslager

|}
Model incubater | L ____________ ;

Implementasjon Prosjekter med fokus pa metode / modellutvikling

Prosjekter som bidra til modellkompetansebygging @ SINTEF




Prinsipp-
skisse

Tidslinje for neste generasjon
SINTEF markedsmodeuer

Dagens langtidsmodeller Ngdvendig
Preget av: forskning og utvikling/pilotering, et spesialistverktgy, frihet til G videreutvikling og
benytte verktgyet pd ulike madter, hgy endringstakt vedlikehold
2020 202 2Q0 ) 2023 2024 2025 XXXX

ngLTM

Forprosje | m B

Ny LTM med delleveranser underveis

e Standardisering

* Industrialisering

* Modenhet, kvalitet
» Stabilitet

* Lett integrerbar
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SINTEF

— 70 years —

18950-2020

Technology for a better society
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