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Calculation time Is a challenge

Intraday planning @H D P Seasonal planning

Finer time resolution Longer time horizons

Shorter deadlines Stochastic optimization

More market obligations Multi-market modelling

More hydropower details Grid modelling

Statkraft



The model setup Is a challenge

Long-term Scheduling (years) e Several models involved
Stochastic
Aggregation/Disaggregation - Creates inconsistencies
Fundamental
l orice forecasts - Expensive to develop and operate
Medium-term Scheduling (years) - Hinders cooperation across units/processes
Stochastic models .
SR °* Many models are old with legacy code
rice taker

l Cuts

Short-term Scheduling (weeks)
Deterministic models
Detailed hydropower

Price taker
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R&D journey

Several attempts to reduce calculation time
and to reduce the gap towards LTM
- but without success

2017 (Alpha Zero)

* PROMISE, proposal to use ML to update models

* Agder Energi & UIA starts project on ML for hydropower
2018

* Powel initiates ML project (with NFR support)

* SENSATION, proposal using sensor-based optimization (BigData)

2019
* SHOP-ZERO, mass simulation & meta-heuristics with GPU’s (2 x NFR)

* |[SCHEDULING, ML for SHOP command parameters

Kunstig intelligens slo verdens beste sjakkcomputer

Kunstig intelligens mgtte verdens beste
sjakkcomputer timer etter a ha lzert sjakk.
Det ble et blodbad—=

«AlphaZero» sjokkerte med aggressiv sjakk vi al
den masl kinen.

.~

Vasskraft blir mott av auka reknekraft

&= Agder Energi og Universitetet i
ad Agder har oppnadd konkrete

anning Iselin
0 var begeistra for det ho fekk
sja og hoyre,

Av Paal Pedersen

Publisert: 16. november 2018

2020
SOFT-LINKING, proposal to link ProdRisk and SHOP

INCOME, proposal to combine operation and maintenance planning

DYNAMO, dynamic modelling in SHOP to handle longer horizons

SHORTCUTS, calculating cuts with SHOP
2021

GoHydro, GPU-accelerated optimization of hydropower
4 years, rejected by NFR

Statkraft



GoHydro IV
Goal POC production planning

GoHydro journey R o

GoHydro V?

GoHydro lll

Goal POC market analysis
Start Q1 2023

Duration 1 year

GoHydro |l

Goal POC water value calculation
Start Q32022

Duration 0,5 year

GoHydro |
Goal Proof of concept
Start Q12021
Duration 1,5 year

~

% Statkraft



Still along way to go!

Start of SHOP R&D MIP — first ‘usable’ prototype Statkraft operative Robust & ‘error free’

~1995 2001 2008 2015

GoHydro

On schedule when comparing with the SHOP journey

GoHydoro is still an R&D prototype

No inhouse operative testing yet

No decision whether to make GoHydro an operative or a commercial product

% Statkraft
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SINTEF

masell Basic concepts

Update - ’ Find

solution violations
Lagrange
relaxation
Update Calculate
penalties objective

Adjust
steplength

Solve relaxed problem

Generate feasible
solution

Power flows

eeeeeeeee - Midtnorge Midtn

orge - Sverige NOL1 - Sydsverige -
HSHOP WGH_old M GH_new

Solve relaxed problem

Find approximate
feasible solution

Generate feasible
solution

eeeeeeeeeeeee
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GoHydro SDDP script
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masl GoHydro — Modelling sum constraints

gh_discharge group
-min_discharge: gh_constraint
-max_discharge: gh_constraint

gh_tunnel

gh_river

gh_reserve_group
-min_reserve_up: gh_constraint
-min_reserve_down: gh_constraint
-price_up

-price_down

gh_generator

gh_pump
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sl GOHydro — Iterative head coefficients

—75years—
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Kraftverk/ Middel-

GoHydro — : .
el Scaling capabilities 8 \‘ e B 173
—75 years— R Vinje 3 300 1017 100
Co X o e e
KJELAVATN - vausn{ N\ 130 1017
ol i e
Abs Rel
NnGPUs Time (s) speedup speedup NnGPUs Time (s) speedup speedup cumeszpuAy
1 172.73 1.00 1.00 1 480.39 1.00 1.00
2 87.26 1.98 0.99 2 241.52 1.99 0.99
4 45.14 3.83 0.96 4 124.31 3.86 0.97 GPU Model Theoretical Measured
8 23.28 7.42 0.93 8 61.67 7.79 0.97 P100 1.00 1.00
11 17.51 9.86 0.90 11 45.70 10.51 0.96 A100 2.05 1.83
22 10.15 17.02 0.77 22 25.13 19.12 0.87 H200 6.35 ?

88 scenarios, 5 years, 3-hour resolution 88 scenarios, 5 years, 1-hour resolution
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