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Development cycle and roles

SINTEF

Customer management Product management
Analyze Specify
Contracts
Internal usage Researchers + Developers Implement

Customer portals _
Deliver Test

Infrastructure management

Process management

Technology for a better society



sl Framework overview from LTM days 2023

Module 1 Module 2 Module 3

Open optimization framework

Module 4 Module 5 Module 6

Module 7 Module 8 Module 9



sl Model platform

User Client application
interface
]
v v v
Custtlnmer Cust;mer Cust;)mer Custzmer Cust(S)mer Custgmer PrOd uct STM MTM LTM
platforms
Modulel Modulel Modulel Modulel Modulel Modulel \3‘/
GPU solver Detailed grid
Module2 Module2 Module2 Module2 Module2 Module?2 L . . . .
SpECIfIC Drawdown disaggregation Scenario reduction
Module3 Module3 Module3 Module3 Module3 Module3 modules Network solver Physical simulator
Hydraulic coupling Multi-market bidding
Module4 Module5 Module5 Module 4 - _ _
Documentation & reporting
General External integration / API
modules Product portals and ticket system
Virtual laboratory
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SINTEF

Common
framework

LTM APIs and data connections

o

/\ Model users

Dagens langtidsmodeller
Preget av: forskning og utvikling/pilotering, et spesialistverktay, frihet til G
benytte verktgyet pa ulike mdter, hgy endringstakt
2020 2021 2022 2023 2024 2025

Integrasjonsdesign
Teknisk infrastruktur

licati
Legend: applications
In production
v
Partially implemented or New common model platform Utilities
not in production
Not implemented «F e:» ’ Co
Common Model API < »  Model validation T generation
pamasaes »
| @
Model dataschema | [ | 1 .
specification »| Model converters
Common model data
Prodrisk GoHydro LT™M ngLT™M SHOP
By Py py py By
ProdRisk API GoHydro API LTM API ngLTM API SHOP API
ProdRisk Core GoHydro Core LTM Core ngLTM Core SHOP Core

XXXX

SHOP
ProdRisk
LTM
GoHydro

API

T

* Standardisering

* Industrialisering

* Modenhet, kvalitet
* Stabilitet

* Lett integrerbar

New
Common
Model
Platform
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sl Model platform financing

* Based on increased user ambitions
* |n addition to normal index adjustments

* Scaled with average yearly TWh production
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SHOP team at SINTEF

SINTEF

Management

45

Hans Christian Bolstad Eline Opdalshei

Research

Christian @yn Naversen Per Aaslid Bjgrnar Fjelldal Kristine Schiller

)

“l‘

Kent Fagerjord

Development

Jonatan Lund
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News in SHOP 15.5

SINTEF

* All input to SHOP

Core uses low-level  ,.-=="77=777==7==="" S D rTava—
AP erver / \
' .
— Moved ASCII parsing i C++ client
outside SHOP Core | .
(15.3) i pybind11
— Multiprocessingin i (C++)
REST API | —
— Unified handling of 1 a0l -
YAML and JSON i server clien
* First version of min !
up-/downtime for ! JSON/
generators i W Database / Files
\ interface

* Improved handling
of warnings/errors

Teknologi for et bedre samfunn
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Fatigue damage [-]

SINTEF

Correct pricing of reserves

Partial damage for one week of continuous operation
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SINTEF

Development

Roadmap for SHOP

2023 2024

2025

Integration of physics-
based models

New technical
modules

New services from

e hydropower

support

Self-reinforcing

data driven
algorithms

Autonomous
scheduling

Algorithmic
development for
multiple
scenarios

Maintenance

Research



milill User datasets in test system for SHOP

Dataset
(Customer) Dataset upload portal
Test svstem New SHOP version
! (SINTEF)
Dataset
(Customer) Stats on SHOP Portal
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Master NTNU via vLab

SINTEF

Import bus and line data in Matpower format from Excel-file.

* |ntegration of Power Transfer Distribution Factors and :
Internal Grid Constraints in Short-Term Hydropower e e
Scheduling, June 2023, (Forbord, Sivert; Sglberg, Hakon) 4

Iterate through lines:

* Supervisor Olaf Fosso + Per Aaslid/Hans lvar Skjelbred / Vs \

- Varlagera i - The line is connected from The line is connected from bus i to bus j,

sy Repvi - ses -
Porsan o ! ok { ~ tind

bus i to reference bus j none of which are the reference bus
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i vy \ Remove reference bus row and column from B and reference bus row from b.
i o ) T 9
s e g son \ J v Solve Baj=b
Y o e (N2 N\ § ) :
N : 2 = R gy e { a Add aj to the PTDF-matrix as a column.
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: L5 Ay . Export PTDF-matrix
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B AzAd iR (NB: Reference bus row [0 0 ... 0] is not included in PTDF matrix.)
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https://ntnuopen.ntnu.no/ntnu-xmlui/handle/11250/3094648
https://ntnuopen.ntnu.no/ntnu-xmlui/handle/11250/3094648
https://ntnuopen.ntnu.no/ntnu-xmlui/handle/11250/3094648

sl SHOP Roadmap 2024

* Split modelling of turbine curves and turbine operating zone

* Activation market for reserve capacity

* Add tactical head limit

* Add watercourse object

* Reduce run time for tunnel gate systems

* Calculate result series for min plant production and min/max generator production
[= Pollresults: Project ideas prior to SHOP Forum 27.10.2023

> Activation market for reserve capacity

» Add tactical head limit

> Add watercourse object

> Reduce run time for tunnel gate systems

> Calculate result series for min plant production and min/max generator
production

Technology for a better society

> Split modelling of turbine curves and turbine operating zone



Unlimited - Unlinking discharge limits from
sl turbine efficiency data

GENERATOR turb_eff_curves PLANTO04 4
#id number ref npkt X_unit y_unit
0 1 366. 8 m3/s %
# X y
15.72 89.80
17.74 91.80
19.79 93.10
- - . 21.32 93.60
Hydropower Production function: 240 9350
25.04 93.90
28.87 93.50
Pise =G NN (Dise) e RE (MYl Qise) - RYet * Qise 31.58  92.80
GENERATOR turb_eff_curves PLANT004 4
- - - L #id number ref npkt X_unit y_unit
Subject to head-dependent discharge limit: 0 ) 377 8 /s %
# X y
15.69 89.50
stlév(h{VsEtT) "Wist = Qist = Q%ﬁx(h{vfg) " Wit 17.70  91.60
Viel,seS,teT. 19.77 92.95
21.38 93.55
22.48 93.77
25.04 93.90
- 28.89 93.55
GENERATOR min_discharge PLANTO004 4 32.34 92.90
#id number ref npkt
0 1 0. 3 93 GENERATOR turb_eff _curves PLANTO004 4
#x y #id number ref npkt X_unit y_unit
366 15.80 2 o 0 1 388. 8 m3/s %
377 15.90 % # X y
388 15.85 L i 15.83  89.30
~ 17.23 91.40
GENERATOR max_discharge ~ PLANT004 4 < o 19.48 93.00
#id number ref npkt s S 2190  93.50
0 1 377. 3 \6 380 é@ 22.23 93.70
#x v L s & 2590  93.90
366 31.20 gy © P o 2849  93.60
377 30.80 e, | P 0 & 31.67  93.00
(ms o <
388 30.65 7s) v



Reserve activation

SINTEF

T1 T2 T3 T4 T5 T6 17 T8



SINTEF

T1

Activation factor and activation time

—
\

T2 T3 T4 T5 T6 17

T8
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