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A growing share of intermittent power sources imposes new
challenges for power producers and grid operators

A rapid increase in intermittent renewable energy Moving from a centralised to a distributed power Optimisation, trading and grid operations is
production system becoming more complex
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Strong and increasing demand for software and services that can address complex and real-time decisions
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What does this mean for asset optimisation?

From internal optimization to market optimization
* Need to connect to markets in integrated manner
* Need for market analysis to make correct decisions in algorithms

* Willingness to act on markets actively
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Deterministic scenarios: Opportunity costs calculation

Opportunity costs EUR/MW/h

[EURMWWH]
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Post processing: Marginal Cost Pricing

a) Income from MC at p, for an increment to q, b) Real cost increment from q,to q_, by MC <) Profit for increment q,to q, using MCat p,

[C/MWh] [C/MWh] [C/MWh]
1. Selling power to Marginal Cost 1 f ] : ‘

q, MW
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@) Profit and loss using AC at p,

d) Income from AC at p, for an increment to q, b) Real cost increment from q to q,, by MC

[€/MWh] [€/MWh] [€/MWh]

2. Selling power to average cost at :
maximum production

f) Income from AC at p, for an Increment to q, b) Real cost increment from q,to q_. by MC @) Loss and zero profit using AC atp,
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Stochastic: Evaluation of value with uncertainties

EUR total value of

energy in reservoir Energy value is evaluated using scenarios taking

in account uncertainties

Used as starting point for short term
optimization

Risk for running out of energy can be
guantified.

Example: Water values for large Hydro reservoirs
* Stohastic inputs price and inflow
e Usually run for 0.5-3 years ahead

Energy in
Storage in % * Updated weekly




Short term stochastic : Energy Activations
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As the highest price is at 01:45
model prefers to get as much energy
as possible even over buying for
some scenarios.
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Optimising Flexibility Premium

Flex premium €/MW

Asset is awarded a premium for Flexiblity

Operating in the middle is preferred for
maximum flexiblity

Activation change for reserves is increased due
both directions

Example: Volue Flex trading

* Algotrader sells flexiblity to short term markets
* Expected revenue 3.0-5.0 €/ MWh flex

® Production MW




Multi-Market

Price scenarios

Multi-Market optimisation

Production plans

rve, taking one

on, pricing taking.into.
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Need of automation =

Traditional Month 1 Month 2

Intraday
Auctions

Continuous
Intraday
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Smart Power

From manually triggered to event triggered automation
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Fully automated processes for energy sector Now
the data, optimisation & trading is fully automated for the
energy sectors 24/7 business.
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Is there a process that cannot be automated at all?



Smart Power
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Automation Framework

Data management
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Smart Power

Full control of input

Availability Planner v 8% (@ 2 Beate Saether
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Event based automation

Asset onboarding

O Volue Workflow Engine X +

C 25 tdtrhafdemo001.voluead.volue.com:8083
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Normally still only partially automated by
power producers

Forecasts D Optimisation

o - -

Use Case 1 — Data Management
Use Case 2 — IT process

Use Case 3 — Multi market

Automation Framework

Fully automates entire processes



Event based automation

Use case — IT process
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Event based automation volue

Handle multiple markets
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Smart Power

Attention dashboard

Process instances overview
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Enabling automation

with business process
modelling

f Sub-

process2

Sub-
processl

Main-Process




Energy-production & trading planning processes

Examples

Long term/ Mid-Term

Year (s)-ahead:

e Forward-Trading (power & fuels)
/ Hedging

¢ |long term production
scenarios/ hydro balances

e revision planning

e longterm-ancillary services
planning & bidding

e capacity bidding

e investment/divestment planning

Monthly and weekly

Rest-of-the-year:

e Forward-Trading (Power & fuels)
/ Hedging

*RoY production scenarios

¢ Week-ahead planning

e ancillary services planning &

bidding

Day-Ahead-Pre-EX:

* DA-Auction

¢ |D-Auction

* aFFR/mFFR, FCR capacity
auctions

Day-Ahead-Post-EX:

e Load Optimizations

¢ ERRP, GLDP

Intraday

Intra-Day:

¢ Continuous-ID

¢ Continuous Ancillary Services
¢ Imbalance-market trading

¢ Load-Optimizations

Day-After+

Day-After:
e Day-After trading
* Performance-Monitoring

(production follow-up)




Method of business process modelling

Structured analysis and design technigue (SADT)

time
restriction

(additional)-
presets

location

l time I default

database — dataflow —> process
dataflow

data

External unit

station /
team/
section

tool /
application

(Method

= Shows how the dataflows is organized
= Verysimple but effective way to pin down the key facts
= |nterview technique

= |t merges IT-infrastructure, interfaces, data- and communication flows
and modelling in one landscape

= |t maps responsible persons/ departments/ owners

=  Proven in many implementation- and sales projects

3 Steps:
= Status quo process Modell/ pain point identification
=  Process-to-be modelling (target concept; best practice)

= Move from status quo-process to target process (elimination of
weaknesses & former design flaws)
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Example Day-Ahead planning

Process organization chart

Elimination of unnecessary steps

Change chronological order
vpdate tade

fLiaisrats 1

Integ ration/ mérge of
positions '

Automation

Acceleration

N

: |mp0rt Ce Ce e Ce Execution Iayer ............ Exportlayer S

. layer Best practice




Analysis and diagnosis

IT Infrastructure

Interfaces

Technology Project management

System integrations

Innovation and adoption of New Technologies

Data analysis

Volue business process modelling

Methods & value added

Technology

Generate proper startpoint for
implementation projects

Provide standard documentation and best
practices in delivery

Delivery

Business

Sub-
process2

Sub-

processi

Main-Process

Business process and model analysis

Data-flow analysis

Process-optimization

Organizational transparency

Best-practice transfer/ competence sharing
Delivery enhancements

Responsabilities are mapped & clearly defined

Ensure quality & standards in processes
Reduces complexity

Improve quality and reliability during the
projects to minimize risks
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Volue business process modellin

Peter Vierbuchen
Principal Business Process Consultant
Peter.vierbuchen@volue.com
+49 1522 2810164

\_

Analysis and diagnosis
IT Infrastructure
Interfaces

Technology Project management

System integrations

Innovation and adoption of New
Technologies

Data analysis

Ensure proper startpoint for
implementation projects

Provide standard documentation and

best practices in delivery

Technology Business

defin

Business process and model analysis
Data-flow analysis
Process-optimization
Organizational transparency
Best-practice transfer/ competence sharing
Delivery enhancements
Responsabilities are mapped & clearly

Ensure quality & standards in processes
Reduces complexity

Improve quality and reliability during the
projects to minimize risks

~
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Import
layer

Identified (sub-) process
Elimination of unnecessary steps
Change chronological order

) Add missing steps

Integration/ merge of
positions

Automation

Acceleration

Parallelize

|
Execution layer Export layer

Best practice
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Conclusions

Market changes leads to more complex processes

Going from internal to market to multi market optimisation

The need for event based automation in real time increases

Automation of several tools playing together is a key for profitable

trading

Attention dashboard to overview automated processes
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vOlue
Optimisation of a big number of assets

To optimize problems with big amount of assets (in thousands) in short times for short term
planning we “"decompose” the problem. Volue uses Lagrangian relaxations for this:

* Lagrangian relaxation applied to energy balance / reserves
* Lagrangian multipliers, "shadow prices” introduced
* Subproblems: optimisation against shadow price

* Price coordination, "master problem”, dual optimisation




Event based automation - Use case — power plant optimisation

v (O Volue Workflow Engine X + = X

< C 23 tdtrhafdemo001.voluead.volue.com:8083/#!/dashboard G Q W -
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Process instances 168incidents

@
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7 _ Hydro Intraday

v HydroOpt @ (Every 15min) No change ® Completed 25.03.2025 15:45:00 m
2

v ID_Battery_Opt © (Every 15min) NewPlan ® Completed 25.03.2025 15:45:00 Intraday

v BatteryPortfolio_Optimize @ (Every 15min) TraderUpdated ® Completed 25.03.2025 15:43:00
oo ) Hydro Intraday

WV HydroOpt © (Every 15min) No change ® Completed 25.03.2025 15:30:00 m

0 v
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) Hydro Intraday

v HydroOpt (Every 15min) No change ® Completed 25.03.2025 15:15:00 m
®

v ID_Battery_Opt @ (Every 15min) NewPlan ® Completed 25.03.2025 15:15:00 Intraday
B v BatteryPortfolio_Optimize © (Every 15min) TraderUpdated ® Completed 25.03.2025 15:13:00

' Hydro Intraday
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