’J_j I/ I" J R | =l i i

- g = O MUARGANA RN
/*““/*—7 / 71 ..,"I’ ! o | ! | *\‘ \; \ NRERY WY \ \ \
] 1 1 1808 I 1 el I 1\. | VI I VL \ “\ ) TR\ TR '

Jonathan Stelzer, Niklas Treml, Thorsten Weiskopf, Kim K. Miskiw, Tim Signer,
Armin Ardone, Christof Weinhardt, Wolf Fichtner



1.
2. Market Models

= PowerACE
= ASSUME

3. PowerSUME

4. Conclusion

KIT




Motivation

% Various open source models available

Different scope and strengths of the
models

More complex markets need more
simulations

»Coupling of different models to enhance the research capabilities
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PowerACE

PowerACE

Characteristics

Input Data Model results

: From market simulation, e.g.,
- Fuel and CO, prices

- Hourly simulation of the day-
ahead market (8760 h/a)

- Detailed power plant data with - Power plant dispatch

techno-economical parameters - Spot market prices and
(e.g., efficiency, ...) volumes

- Hourly RES profiles and
demand profiles

- Yearly investment decisions

- Time horizon until 2050 - CO, - Emissions

- Cross border effects From investment evaluation,

- Trading capacities between

- Different bid types market areas 27 e.g.

- Capacity development

- Investment decisions

Source: Genoese (2010),
Fraunholz (2021),
Zimmermann & Keles (2023)




PowerACE - Simplified Day Ahead Scheme

Conventional
Power Plant
;)::’glnc:z tt:rcshnology specific Naive Trading

- Marginal cost bidding
Battery Storage Physical Asset Market Participant Strategy
Representation

- Avoid turn off bids
- Owns assets

- Only simple bids
- HoIdsttechnoIogy specific > - aef:jnes genelr:ftl ?truct;{re ® - Uses different strategies @ ;II]Doefllgtlesohkol\{\I/(;he bids
parameters - Holds general information _ Participate in different u !

markets
A Battery Trading
I
|
1

A

Renewable Sources Market Operator - Specific for energy
storage
- Loop bids

- Defines the market
design

- Collects all bids

- Clears market

- Holds technology specific
parameters

— Is a - implementation

has a - composition

................ > Dependency/communication
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ASSUME

ASSUME

Input Data Model results

Characteristics

- Reinforcement Learning
Strategies

- Hourly simulation of the day-
ahead market (8760 h/a)

- Cross border effects

- sequential markets like DA and

: From market simulation, e.g.,
- Fuel and CO, prices

- Detailed power plant data with - Power plant dispatch

techno-economical parameters - Spot market prices and
(e.g., efficiency, ...) volumes

- Hourly RES profiles and

- Bidding behavoi
demand profiles Idding behavoir

ID

- Redispatch with PyPSA
- Detailed demand side
management

- Different bid types

- Trading capacities between
market areas

- Interface to other model
datasets such as PyPSA and
AMIRIS

L -€1

— . . 03/01  03/06  03/M 03716  03/21 03/26  03/31

. s = Name Min Max Mean

Source: Harder et al. (2025), Miskiw . 0 — hccopdprice:pp-EOM €302 e@ns s

== Accepted price: pp_10 - EOM €92 €875 €631

idStaUdtt(z?z(;g24) = Accepted price: pp_11 - EOM €392 €875 €631
ams et al. ,

Maurer et al. (2023)
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ASSUME

- Market operators
- units’ operators
- global information

+ load_scenario()
+ run_simulation()

+ run_learning()

——— Isa-implementation 1..* one or more class are defined
_‘ has a - composition 0..* or more classes are defined
________________ > Dependency/communication “_"refers to a private attribute / method
,,,,,,,,,,,,,,,,, descriptor “+” refers to a public attribute / method

KIT
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ASSUME

Market config

- Market design
- Market rules

<< Clearing method >>

- type

- Extra functionality

+ Market clearing()

Network

- Network parameters

+ run_power_ flow()

i
_I Market operator

Has - Markets
a T, _‘-

- Market operators
- units’ operators
- global information

’ + load_scenario()

Has a + run_simulation()
] 1.* + run_learning()
P 1
Has a - market participants

| - market rules
0.1 ‘

- market configuration

| + collect_orders()

Has a + clear_market()

| + send_feedback()

isa

. —

- design - design - design
——— Isa-implementation 1..* one or more class are defined
_‘ has a - composition 0..* or more classes are defined
________________ > Dependency/communication “_"refers to a private attribute / method
,,,,,,,,,,,,,,,,, descriptor “+” refers to a public attribute / method

11

ASSUME

toolbox

Harder et al. (2025)

KIT



ASSUME

Market config
- Market design 1
. Market operator
Market rules _I
Has - Markets
a —_— Hasa
bl
<< Clearing method >>
- type ’
Hasa
- Extra functionality
1.*
ik
+ Market clearing() |
Has a - market participants
Network | - market rules
. ‘ - market configuration
- Network parameters | + collect_orders()
Has a + clear_market()
* run_power._ flow() | | + send_feedback()
| isa
- design - design

1..* one or more class are defined

——— Isa-implementation
_‘ has a - composition

________________ > Dependency/communication

0..* or more classes are defined

" " refers to a private attribute / method

,,,,,,,,,,,,,,,,, descriptor “+” refers to a public attribute / method

12

Learning role

- hyperparameters
- critics

- Market operators

- units’ operators

- global information

+ load_scenario()
+ run_simulation()

+ run_learning()

Units' operator

- Units

I_-ID

- market connections
- general information

+ setup()
+ formulate_bids()
+ submit_bids()

+ handle_market_
feedback()

+ send_dispatch_plan()

4

Hasa

<< Unit >>

- type
- Unit specific information
- bidding_strategy

+ calculate_min_max()
+ calculate_marginal _
costs ()

Isa

- actors
- replay buffer
- rl algorithm

+ create_learning_algorithm()

+ update_strategy()

- critic neural network

- actor neural network

+ get_actions()

<< Bidding Strategy >>
- type

+ calculate_bids()

" Hasa = + calculate reward()

- techno-economic

Storage unit

- techno-economic
parameters

- availability

- techno-economic
parameters

- availability

_m

ASSUME

toolbox

Harder et al. (2025)
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ASSUME

Market config
- Market design 1
- = Market operator
Market rules _I
Has - Markets
a —_— Hasa
bl
<< Clearing method >>
- type ‘
Hasa
- Extra functionality
1.*
ik
+ Market clearing() |
Has a

- market participants
- market rules

< ______________

Network

n
=

Has a + clear_market()

| + send_feedback()

- market configuration

- Network parameters + collect_orders()

+ run_power_ flow()

Learning role

- Market operators
- units’ operators
- global information

+ load_scenario()
+ run_simulation()

+ run_learning()

- hyperparameters
- critics
- actors
) - replay buffer
Units' operator .
- rl algorithm

- issuer
<__ __________

- amount (sent/conf)
- price
- additional fields

| isa
- design - design

1..* one or more class are defined

———) s a - implementation
_‘ has a - composition

________________ > Dependency/communication

0..* or more classes are defined

" " refers to a private attribute / method

descriptor “+” refers to a public attribute / method
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- design

- Units

-1D

- market connections
- general information

+ create_learning_algorithm()

+ update_strategy()

+ setup()
+ formulate_bids()
+ submit_bids()

+ handle_market_
feedback()

- critic neural network

- actor neural network

+ send_dispatch_plan()

4

Hasa

+ get_actions()

_m

I |
<< Unit >>

- type

- Unit specific information << Bidding Strategy >>

- bidding_strategy 5
- type

+ calculate_min_max()
+ calculate_marginal _
costs ()

+ calculate_bids()

" Hasa = + calculate reward()

Isa

Power plant

- techno-economic
parameters

- availability

Storage unit

- techno-economic
parameters

- techno-economic
parameters

- availability - availability

ASSUME

toolbox

Harder et al. (2025)
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PowerSUME

&

<

» 1Ip
PowerACE @ ASSUME

toolbox
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PowerSUME

» iip PowerACE ASSUME

toolbox

Update forecast of future

prices p,, including all
planned investments J*

i

Evaluate profitability
of all investment options

Jj €J;m and market areas m

Further
profitable
options left in
any set J,,?

Choose most profitable
investment option j°
and market area m"

Build all planned
investments still
included in the set J*

Add option j* to
the set of planned
investments J*

Other planned

investments
J\{j*} remain
profitable?

Remove unprofitable
planned investments
from the set J*

ong-term investment decisions Complex bidding behavior

KIT



PowerSUME

Adaptable

Multi-

language

Combining

advantages
support

PowerSUME

Plug’'n’Play

KIT



owerSUME Architecture

Market config

- Market design
- Market rules

<< Clearing method >>

- type

- Extra functionality

+ Market clearing()

Network

- Network parameters

+ run_power_ flow()

Learning role

- hyperparameters
- critics

Market operator

ik
| I
Has

- Markets
a |— Has a .’
- - Market operators
1 - units’ operators
- global information
’ + load_scenario()
H
as51d + run_simulation()
1.
1 - +run_learning()
1
Hasa

- market participants

| - market rules
0.1 ‘

- market configuration

Hasa + clear_market()

| + send_feedback()

isa

+ collect_orders() - issuer
- amount (sent/conf)
- price

- additional fields

R —— -

- design

——P Isa-implementation
—’ has a - composition

> Dependency/communication

descriptor

- design - design

1..* one or more class are defined
0..* or more classes are defined

" " refers to a private attribute / method

“+" refers to a public attribute / method

- techno-economic
parameters

- availability

Units' operator

- Units

I_-ID

- market connections
- general information

+ setup()
______________ > + formulate_bids()

+ submit_bids()

+ handle_market_
feedback()

+ send_dispatch_plan()

4

Hasa

|
<< Unit >>

- type
- Unit specific information

- bidding_strategy

+ calculate_min_max()
+ calculate_marginal _
costs ()

‘ Has a

- actors
- replay buffer
- rl algorithm

+ create_learning_algorithm()

+ update_strategy()

- critic neural network

- actor neural network

+ get_actions()

<< Bidding Strategy >>
- type

+ calculate_bids()

=+ calculate reward()

Power plant Storage unit

- techno-economic
parameters

- availability

- techno-economic
parameters

- availability

KIT



PowerSUME Architecture

- hyperparameters
- critics
- actors
3 - replay buffer
Units' operator .
- rl algorithm

- Units

I_-ID

- market connections

+ create_learning_algorithm()

+ update_strategy(|
- general information P N ev0)

- Market operators + setup()

-units'operators 8 = formulate_bids()

- global information o
+ submit_bids()

+ load_scenario() +handle_market_ - critic neural network - actor neural network

. . feedback()
+ run_simulation()
+ run_learning() +send_dispatch_plan() + get_actions()
Hasa
I |
<< Unit >>
. Has a

- issuer - type

- amount (sent/conf) - Unit specific information << Bidding Strategy >> ’—I

- price - bidding_strategy type Ls

- additional fields >
+ calculate_min_max() + calculate_bids()
+ calculate_marginal _
costs () ‘ Hasa = + calculate reward()

Isa
Power plant Storage unit
————— Isa-implementation 1..* one or more class are defined - techno-economic - techno-economic - techno-economic
parameters parameters parameters
—’ has a - composition 0..* or more classes are defined - availability - availability - availability

" " refers to a private attribute / method

> Dependency/communication

,,,,,,,,,,,,,,,,, descriptor “+” refers to a public attribute / method

KIT



. R
PowerSUME Architecture

- global information

- hyperparameters
+ load_scenario() - critics
+ run_simulation() - actors
+ run_learning() Units' operatar - replay buffer
PowerSUME_API P - rl algorithm

- Interface to PowerSUME - Interface to PowerACE - Units + create_learning_algorithm()
i i i P - -
- Defines progress - Coordinates squeduling g
Defi ket Starts PowerSUME - - market connections +update strategy) T
- Defines markets PowerWorld Hasa - general information -
+ initialize_session() initialize_session() - Market operators T + setupl)
+ get_bids| + get_bis() _ units’
get_bids() g units’ operators > + formulate_bids()
+ submit_orderbook() + submit_orderbook() - global information o
+ submit_bids()
+ load_scenario() :e:ZEgLek-(;“arkEt- - critic neural network - actor neural network
+ run_simulation()
p -+ run_learning() + send_dispatch_plan() + get_actions()
> ¢
)
Hasa
|
<< Unit >
. Hasa
- Ma.lrket operators - issuer “type
- units’ operators <« - amount (sent/conf) - Unit specific information << Bidding Strategy >> ’—I
- global information - price - bidding_strategy o Tl
- additional fields >
+ load_scenario() .
+ calculate_min_max() + calculate_bids()
+ run_simulation() + calculate_marginal_
. costs () ’ Hasa = + calculate reward()
+ run_learning()
Isa
Power plant Storage unit
————— Isa-implementation 1..* one or more class are defined - techno-economic - techno-economic - techno-economic
parameters parameters parameters
—‘ has a - composition 0..* or more classes are defined - availability - availability - availability

" " refers to a private attribute / method

> Dependency/communication

,,,,,,,,,,,,,,,,, descriptor “+” refers to a public attribute / method
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owerSUME Architecture

- Marginal cost bidding - Specific bidding strategy
- Avoid turn off bids for batteries
- Only simple bids - Loop bids
RL Trading | 2 PowerACE RLHandler

- Uses PowerSUME - Interface to PowerSUME
interface to generate bids

il i daa
— - All kind of bids from y .
ASSSUME Defines markets

- Defines how the bids
should look like

+ initialize_session()

«——
+ get_bids()

+ submit_orderbook()

Market Participant Market Operator

- Owns assets - Defines the market design
- Uses different strategies  qgaemmmmmmmmommmm- P - Collects all bids

- Participate in different - Clears market

markets

Physical Asset

Representation

- Defines general structure
- Holds general information

!

Conveng;:;r;:l IREK Battery Storage Renewable Sources — » Isa-implementation
- Holds technology specific - Holds technology specific - Holds technology specific ‘ has a - composition
parameters parameters parameters

................ > Dependency/communication

KIT



PowerSUME API - General

PowerACE RLHandler g

> PowerSUME_API

= [nitializes scenario files and the = Starts learning sessions
PowerSUME API

= Ensures the synchronization of the API
= Ensures the synchronization of the used and ASSUME
market model (PowerACE) and the API

= FastAPIl and uvicorn

22 22/04/2025 PowerSUME — A Model Interface ABM4Energy ﬂ(IT



PowerSUME APl - Communication Loop

PowerACE RLHandler

PowerSUME_API

Send observations (e.g. price
forecast, residual load, ...) from
market model

Get bids from ASSUME

Receives all bids from API

Market Clearing

Send market results

{  Pass market results for learning to
ASSUME

23 22/04/2025 PowerSUME — A Model Interface ABM4Energy ﬂ(IT
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Conclusion

§/ Proof of concept for an easy-to-use model interface

M Combining advantages of two complex market models

Enables future research, e.g. bidding behaviour on

Investment decisions

KIT



Next Steps

Q%% Testing implementation for
a¥ renewables

O Combine PowerSUME
AM,R,S interface with AMIRIS

Publish PowerSUME as an
OpenSource project

Gefordert durch:

*

Bundesministerium
fir Wirtschaft
und Klimaschutz

aufgrund eines Beschlusses
des Deutschen Bundestages

UFG
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