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Overview of hydropower scheduling process

Long-term Scheduling (1 -5 years)
e Aggregated system description
e Stochastic model: SDP, SDDP

Long-term Models (1 - 5 years)
EMPS: Multi-area power market

Price forecast
Aggregated water values of target reservoirs

Price forecast
Aggregated water values of target reservoirs

v
Medium-term Scheduling (2 — 52 weeks)

e Detailed system description
e Stochastic model: SDDP
e Multi-scenario deterministic model

v
Medium-term Models (2 — 52 weeks)
ProdRisk: Single-area power market

Disaggregated water values of target reservoirs

Disaggregated water values of target reservoirs

!

Short-term Scheduling (1 — 14 days)
e Detailed system description
e Deterministic model: SLP
e Multi-scenario deterministic model

Short-term Models (1 — 14 days)
SHOP: Short-term Hydro Operation
Planning
SHARM: stochastic SHOP

Production schedule

!

Production schedule

!

Simulation (1 — 14 days)
e Water course simulation
e Solve the dynamic equations

Simulation Models (1 — 14 days)
SHOP-SIM: verify the result of SHOP
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Short-term Model: SHOP

* The objective function of the program is to optimize use of the
available resources:

maximize the profit within the period of consideration by exploiting the options of buying
and selling in the markets

Include start/stop cost of units and end value of reservoirs

e Constraints

Storage limits of the reservoir and operational limits of controllable spillage

Head optimization and flow-related head losses

Needle combinations (pelton) and forbidden operating zones

Non-convex production function

Coupling to long-term/mid-term strategy

Environmental constraints (ramping, minimum discharge)

Physical flow relationships (time delay, pressurized tunnel systems, hydraulic short circuit)

Market-specific delivery constraints (symmetry, buffer capacity, droop, min delivery,
rotating requirements, etc)
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day

Cost-effective energy
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Optimization methodology

Unit Commitment Mode Close-in Mode

Unit commitment
decision

I .
Estimate reservoir | Build and solve LP model
trajectories N based on the result of
F————— == + _________ - —I: previous iteration
Build and solve MILP model | "&° I: +
—> based on the result of :| Update reservoir
previous iteration ! NO

I

v {
Update reservoir !
trajectories |

eet the convergence
criterion
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eet the convergence
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Integration
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WCF service C# user

contract _
(C#) (C#) interface

Web/
HTML
user
interface

REST
SHOP core SHOP Interface
() API (C#)
(C/CLI)

Python service Python

(C#) user
pybind11 (C) interface
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Use case example: Axpo (Switzerland)
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Pricing of secondary reserve (FRR-UP)
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9 Currently modeling: Energy (DA+ID), FCR-N U/D, FCR-D, FRR U/D, RR U/D
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Production scheduling without reserve obligations
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Head optimization
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GPU-accelerated simulation-based optimization
- =1 GPU core
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Overview of Al applications

-Multiple Linear Regression
-Neural Networks

-Auto Regressive Moving Average

-Artificial Neural Networks

-Adaptive Neural-based Fuzzy Inference System
-Genetic programming

-Support Vector Machine

-Neural Networks
-Support Vector Regressions
-Multiple Linear Regressions

-Artificial Neural Networks
-Fuzzy clustering

-Artificial Neural Networks
-Support Vector Machine

Rainfall estimation

Discharge time series

Streamflow forecasting

Streamflow forecasting

Streamflow forecasting

Rainfall

River flow discharging

Weather and climate inputs

Streamflow time series

Streamflow data
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_ * Measurements/data available already today
M O n Ito rx B a C kg rO u n d — Potential data sources for different purposes
* Today these data are not much used for

maintenance decisions
\9 Potentially large benefit when using these data

Decarbonisation

FUTURE Decentralization
. e T B ™ 77 et I ‘
-8 Digitalization «— MonitorX "I T
» L:-;:I‘;:_j‘.}';’ir.
Smart production planning Virtusl power plants :“ o

Operation (O) |

Maintenance (M) <«—  MonitorX €47 Forskningsradet

Monitor Optimal utilization of hydropower asset lifetime by monitoring of technical condition and risk
14 2015-2019 (Optimal levetidsutnyttelse av vannkraftanlegg basert pa overvaking av teknisk tilstand og risiko)
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Results Benefits Knowledge gain

e Model and algorithms * Reduced maintenance costs by ... : * How can operators
, . . utilize the mentioned
for fault detection ... avoiding (catastrophic) faults ...

(and optimal lifetime * ...avoiding unnecessary component
replacements ...

... prioritizing the most critical * What are possibilities,

for plant maintenance?
utilization)

. . . . ?
e Demonstrate practical components for maintenance ... challenges & restrictions:
e ...optimized maintenance ...

application in selected e How can monitoring data
power plants (cases) ... through early warnings of be used to carry out

ageing and potential faults. main.te.nance more
predictive?

Modelling &

algorithm and Testing /
prototype demonstration

development

Problem/case
identification
and description




Modeling of hydropower plants
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Estimation quality
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iIScheduling — context based optimization

Past

" Collect physical
data from database

Manual setup of
commands

Manual planning

Manual
calibration

Manual control of
dispatch
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At present

§ICoIIect physical

data from database

Manual setup of
commands

([

Optimization tools

Manual
calibration

anual control of
dispatch

This project

" Collect physical
data from database

Automatic

B
S
setup of commands

([

Optimization tools

Manual
calibration

anual control of
dispatch

Future

(2

Real-time
collect physical
data from sensors

Automatic

>
S
setup of commands

S
S
Optimization tools

Automatic
calibration

Automatic
dispatch
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