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AGENDA

11.10 - 11.20 Interaction with the audience

11.20 - 11.40  The SUN-DT project by Marcelino Sanchez (CENER), Project Coordinator
11.40 -11.50 The DIGISOLAR project by Xavier Albets (DCarbo), Project Coordinator
11.50 -12.00 SunPeek by Marnoch Hamilton-Jones (AEE)

12.00 - 1210 Pytrnsys suite by Damian Birchler (SPF)

1210 -12.25 Q&A

12.25-12.30 Closing

Moderators: Céline Suchet (EUREC) and Konstantinos Genikomsakis (ESTELA)
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CSP 4.0: The Era bf Intelligetolar Energy

From Digitalization to Intelligent Energy Systems
Based on SUN-DT project experience
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Webinar “H;\rneésing the Sun, Driven by Data: Digital Innovation for Solar Thermal Systems*

June 23, 2026



G CENER

FOSSIL FUELS . SOLAR ENERGY

JUSTACANDLE INTHEDARK = HERE TO STAY
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JUST OVER iy 4 AS LONG AS
100+ YEARS "N\M¥/  THE EARTH EXISTS.

OF MAJOR USE

FOSSIL FUELS HAVE BEEN THE FOUNDATION

OF MODERN ENERGY FOR JUST OVER A CENTURY.
THEIR TOTAL USE MAY LAST ONLY A COUPLE

OF CENTURIES AT MOST.

PHOTOVOLTAIC CONCENTRATED SOLAR POWER

1900 ~100+ YEARS BILLIONS OF YEARS FUTURE

JUST OVER A CENTURY THE SUN’S ENERGY IS RENEWED EVERY DAY
OF MAJOR USE AND WILL REMAIN AVAILABLE FOR
UP TO ~200 YEARS BILLIONS OF YEARS.
ﬁ FINITE. NON-RENEWABLE. EVEN WITH CONTINUED USE,

RUNNING OUT. THEY COULD LAST ONLY
A COUPLE OF CENTURIES AT MOST.
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TWIN

PERFORMANCE

ITAL
Renewable energy PLANT DIG

systems are becoming
too complex for
conventional operation
and control

Achieving an effective
energy transition
requires the intelligent

integration of renewables g , ! s il ""_: @ 98%
into the energy mix P ~ — = - Ena ~ -

THERMAL STORAGE

AI OPTIMIZATION
Al, digital twins, and : NA
advanced analytics are /\/\ Ch vk
transforming industrial —

energy infrastructure

CSP is an ideal testbed
for next-generation
intelligent renewable
energy systems
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WHAT IS CSP? O ENER

Concentrated Solar converts sunlight into high temperature heat

* This heat can be converted into:
— Electricity
— Industrial process heat
— Green hydrogen production

* Dispatchable renewable energy with thermal storage

CSP should play a key role in:
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SOLAR TOWERS: THE MOST ADVANCED CSP TECHNOLOGY &) CENER

* Higher Performance
— Higher solar concentration ratios

— Higher operating temperatures (>560°C)
— Higher conversion efficiency

 Better Energy Storage
— More kWh stored per unit volume

— Low-cost, massive energy storage using environmentally friendly
molten salts

— Dispatchable electricity day and night
« Strategic Value
— Grid flexibility and reliability (synchronous generation)
— High-temperature industrial heat
— Green hydrogen production
— Environmentally friendly storage solution

Solar Tower CSP uniquely combines renewable generation and large-scale energy

storage, making it a critical technology for a secure and carbon-neutral energy system.




WHY CSP IS A DIGITALIZATION TESTBED?
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CSP + Digitalization enables:

« Smarter Operation

* Lower O&M costs

* Higher reliability

« Better grid integration

* |Industrial Decarbonization
 Smart Energy transition




DIGITAL TOOLS: FROM DATA TO INTELLIGENCE

o CENER

Digitalization connects 3 layers:

= Sensors (irradiance,
temperature, electrical
variables)

= Drones, cameras,
remote sensing

= SCADA and high-
frequency data

= Physical and
performance models

= Digital twins

= Degradation models

MEASUREMENT MODELING DECISION-MAKING

» Al & machine learning
» Predictive O&M

= Dispatch & energy
optimization

2
4
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THE SUN-DT PROJECT

SUN-DT

Smart Use of Novel Digital Tools for

advanced performance and
reduced costs in CSP tower plants

Co-funded by
the European Union

DISCLAIMER: Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily
reflect those of the European Union or [name of the granting authority]. Neither the European Union nor the granting authority can be held

responsible for them.”
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THE SUN-DT PROJECT

Co-funded by
the European Union

Obijective 25 SUN-DT
IMPROVE PERFORMANCE, REDUCE O&M COSTS, ENABLE SMARTER PLANT

OPERATION

SUN-DT - Develops the Smart Use of Novel Digital Tools
o Advanced measurement & calibration tools
o Digital-twin of solar field and receiver
o Energy Management System (EMS)
o Predictive O&M tools

dbsun-D1
PLATFORM

Integration into a unified decision-support platform

12



THE SUN-DT PROJECT

i Receiver Control
Jg strategies
: o . . Al tools for:
“[ Heliostat field i i ol :
‘ *I control system \ / e
i * Irradiance prediction
| SUN-DTWIN

L i g

7—;'41511“1_—li! -‘

gy o g

Digital twin
of the field

and the receiver

g D
Calibration tool - .
prototype Information from
SUﬂ-D] ‘ energy markets and
i b grid services
Characterization W Optical condition Al
systems = o . monitoring based on UAV P LAT FO R M
< @ \ & 2 "
x\{m Heliostat & Dta fornde ‘ Meteorological data
40 i ; s o pns {3 Data execution s
4 Heliostat characterization calibration and k. i

prototype characterization % Data connection
\ J \ ’

PREDOM

&

Predictive
Operation &
Maintenance

" ; 3 X Predictive and corrective
ontrol systems data actions in field
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THE SUN-DT PROJECT

Methodology

STAGE 0:
SELECTION

STAGE 1:
MATURING

STAGE 2:
INTEGRATION

STAGE3: TESTING FOR VALIDATION

g DIGITALTOOLS

= : |I||

o Component control

o Performance measurement

o Self-diagnostic

o Ancillary services to power system
o Digital Twins

o Artificial Intelligence
\ J

OUR TOOLS

e
e

HELIOSTATACC

D-OPT

PREDOM

SUN-DT

PLATFORM

INTEGRATED DATA.
SMARTER DECISIONS

854173

CSP EXPERIMENTAL

TEST FACILITIES

|
_‘@’_COMMERCIAL CSP
A\ PLANTS

Co-funded by
the European Union

/OPTIMIZE

Smarter design and
operation

INTEGRATE

Seamless tools and
workflows

VALIDATE

conditions

DELIVER
From R&D to

Q)mmercial plant

Reliable testing in real

~

/
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Co-funded by
the European Union

* Increase in overall plant efficiency (4-10%):
— Improved efficiency of the heliostat field and receiver.
— Fewer faults thanks to predictive maintenance.
— Less unplanned downtime (higher availability).

* Improvement in annual output (+5%):
— Up to 99% availability of the solar field — +2-3% in thermal output.

15



Co-funded by
the European Union

* Reduction in OPEX (~15%) through:

— Automation of tasks and reduction in human error.
— Predictive control of operating modes.
— Reduced need for corrective maintenance.

* Reduction in CAPEX (~3%):

— Optimized design of the solar field without oversizing.

16



0 CENER
OPPORTUNITIES:

- Data management, O, O - New data-driven
* o business models

cybersecurity, and ¢
standardization * Digital twins for design
* Implementation and

and optimization
training costs Onn-s «a= @ °* Greater reliability and

* Need for regulation and . transparency

industry collaboration oo’

’0
¢
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Digitalization for an Inclusive Energy Transition

* The model shifts from a single consumer to a system
with prosumers

* Real-time data availability on energy generation,
consumption, and storage

» (Greater transparency on environmental footprint,
costs, and energy origin

* More informed energy decisions: what to consume,
when, and why

* Grid management becomes a shared responsibility

18



c CENER

CSP + Digitalization = Intelligent Renewable Energy

v Digitalization is transforming renewable energy systems

v CSP is an ideal platform for Al, Digital Twins and advanced analytics

v Solar Tower CSP provides renewable electricity, large-scale storage, grid
flexibility and industrial decarbonization

v SUN-DT demonstrates how intelligent tools can improve efficiency, reliability
and competitiveness

The future energy system needs renewable assets that are clean,
dispatchable and intelligent. Through Al, Digital Twins and advanced
analytics, SUN-DT is helping Solar Tower CSP evolve towards that vision.

19



SUN-DT

Smart Use of Novel Digital Tools for advanced
performance and reduced costs in CSP tower plants

Thank you for your attention!

Marcelino Sanchez
Email: msanchez@cener.com

Co-funded by DISCLAIMER: Funded by the European Union under Grant Agreement no 101234781. Views and opinions expressed are however those of the author(s) only
the European Union  and do not necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting authority can be held responsible for them.




UN-DT

Smart Use of Novel Digital Tools for advanced
performance and reduced costs in CSP tower plants

CONSORTIUM MORE INFORMATION

@ linkedin.com/company/sun-dt/

# Tecnaligicas

|dea © inavitas @cciona @ x.com/SUN_DT_Project

CCX =i dea cordis.europa.eu/project/id/101234731

ESTELA

:* ’ **; Co-funded by DISCLAIMER: Funded by the European Union under Grant Agreement no 101234781. Views and opinions expressed are however those of the author(s) only
x the European Union and do not necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting authority can be held responsible for them.
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DIGISOLAR in a
NUTSHELL

Dr. Daniel Carbonell

Dr. Xavier Albets-Chico
DCARBO ENERGY CONSULTIN
DIGISOLAR Coordinator Team

DCARBC




D) DIGISOLAR

Advanced digital tools for optimised
planning, maintenance and
operation of solar thermal hybrid
systems

DIGISOLAR will reinforce Europe’s leadership in renewables,
driving a sustainable future.

)C/ARB“-
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General data, consortium and project budget

Budget
Overall 5.7 M€
EU funded 2.9 M€
Swiss funded 2.0 M€ = EUREC
Start 01.09.2025; End: 31.08.2029
DCARBS
11 partners, 7 countries TvefIsoLan s
End TRL 7 e D e
Solartngineering s ®
Demonstration in 4 pilot plants 080
!&MJGH’

TVP| SOLAR
s Jliterm
group

) DIGISOLAR

TVP| SOLAR

DCARBO
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Video available here

) DIGISOLAR


https://youtu.be/GGJKvOCmSDI?si=Z6h2WhFIMzyYu1fS

The DIGISOLAR software suite (DS Suite)

. Support planning, operation

and optimisation of large- X pe— A, VERTFY

scale hybrid-ST systems suite

Plug-and-play A real-time

Simulation & Planning for - . Al-powered tool to o Virtual Integrated
t tion MPC
FUNCTION Advance Renewable cigital twin focused detect and o or system Platform on Life
Systems field diagnose faults operations Cycle Cost & Analysis

. Achieve high shares of

30 30k 30
TRy Y G Y B -
renewables to accelerate }}ARF.'&D h }ELARHLLD

WHOLE SYSTEM SOLARFIELD WHOLE SYSTEM

e dearbonizan o

industrial process and DH —

If'l N AND MAINTENANCE
=z @}0
—

/™ @

) DIGISOLAR SCARBO



All-in-one harmonized Planning to digital-twin at system level

m Operation
design

.l Jil

Available
resources

Al |

, Feasibility analysis.

Conceptual Design and evaluation of

= Technology Integration options
g i - Opt Potential Pre-design o - e
S |
g S Advanced design, technology
Q = . optimization and first energy
- C ! ! assessment
w O | i
n W : i
8 8 ! : N T

L J :

r I | S S o S Detailed engineering and final energy
S O Effort - Opt Potential Design assessment for energy supply contract
sulte o 5
S f
~ ) . - -
Y Effort Opt Potential Detailed Design
IR®)
JE ---------------------------------------------- 1 LCC reduction
3 ' i "~ Operation
& Effort l , '
Effort
>

Project’s Phase and Effort

) DIGISOLAR SF U 5cARBS 7
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SunPeek: Quality assurance tool for solar termal plants in operation

Friesach, R N .
_ o Hogslatten Harndsand Fernheizwerk Graz (FHW)
Source: Solar Engineering Guggenberger Source: Absolicon Source: Picfly.at Thomas Eberhard
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S
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Performance Monitoring

,Does the solar plant perform as expected?” ,2Does performance change over time?“

) DIGISOLAR SCARBO
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éSunPeek
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Ratio of Measured to * Each dot represents a valid one-hour operating
Target Power Output interval. This plot considers a safety factor of 90 %.
120% .
I
. v,
° o & % & B P o CHECK PASSED
100% - STy ! LI e )
@ 2
N R i ;. O
” @RA®=Y [? ® ® - CHECK FAILED
80 % |
I
I
60% I @
I
| COLLECTOR
CLEANING
40% :
I
I
20% |
I
I
0% .
Mar Apr May Jun Jul Aug Sep

) DIGISOLAR

FDD: Fault detection
and diagnosis

Ratio of measured to target power
output

Each dot represents a valid one-

hour operating interval.

This plot considers a safety factor
of 90%
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¥ RESEARCH & TECHNOLOGY D CA R BQ



AEMS: Advance Energy Management System for optimal dispatch

$s >
- o

Air-water heat e .

pump (ASHP) Boiler ﬁ Technologies

10
T) Seasonal
§ T@ Storage Tank ;
Grid electricity Biomass O Brine-water heat i .
" 2 78  pump (GSHP) Flectric Rod | 2§l Electricity Sizing
h '\".'* i
E & % :‘; @ \ E rl
=
r<l| Ambient heat Waste ﬁ ! Borehole Field g Doﬂl\stic
h -
s » heat > Solar Collector - > hot water Operation
A @ .‘ = = Controls
1% w | H =
T \ n— =
. O Hot water Pit LUl
Solar radiation Lake water S storage tank o Space
O heatin
| v PV 1 g
‘-’ fzg\. v ~
| & i

Combined e Aquier COZ)

heating and
power (CHP) N /
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VERIFY: Life Cycle analysis (LCA) and Life Cycle Costs (LCC)

Lifecycle o,
Analysis )

Lifecycle

BEMS Costing

>

>

Investment
Planning

IoT
Sensors

Integration

) DIGISOLAR

Accounts for real-time field production and consumption data
of energy components & dynamic changes in the energy,
environmental and economic landscape

Utilizes both primary (IoT) and secondary (APIs) data

Designed for EU’s Emissions Trading System (ETS2.0) -
operational by 2027-

Combines multiple commercial and innovative technologies for
energy production, management and storage. Parameters can
be adapted: per demo, per thermal comfort preferences, per
billing systems, per energy infrastructure

Follows international standards, such as ISO 14040 / 14044

¢, CERTH
ey BT oo DCARBO

s HELLAS
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) DIGISOLAR

—,
CNGIC

High Vacuum flat plate collector

Collector area: 17000 m2 -707 kW
peak power

Thermal energy storage: 350 - m3

Other technologies: CHP, heat pump
147 kW

TVPISOLAH NDCARBC
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Pulp and Paper (Turkey)

. Parabolic through collectors (PTC)

- 1 /
e : — e | 1t
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) X

. Thermal energy storage: 350 - m3

. Process cooling, air conditioning
and hot water

. Absorption chiller 4.9 MW (cooling)

D) DIGISOLAR seliterm DOcARBQC 33
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Food processing and district heating (Germany)

. Flat plate collector (Savosolar)
. 28872 m2-20 MWth

. 12.8 GWh/year; 443 kWh/m2

. Hot water 75 °C

. TES8000m:3

. Solar contribution 50 %

. 16 MWth biomass boiler

. 2 x 350 kWth biogas generation
. 1.1 MWe co-generation

. 2MWpPV

D) DIGISOLAR SolarEngineering  ScARBO 34
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Pulp and paper (Greece)

T..

HEX-3

? Ts,out

— o Pt R
prieveseBenS | Turbine W compressor%

Ts

HEX-1

G Tc,out <N
! R ’ T.
N l,in
&
. A .
Tc,in Tl,out

) DIGISOLAR

—
N

T,

| [
AAAA

-
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©

TVP| |SOLAR

Steam generation

High Vacuum Flat plate collector
700 m2 HVFP with 400 kWth

100 kWp PV

15 m3 water TES at 130 °C

9 MW Biomass steam boiler

378 kW high temperature heat pump
Air Brayton cycle

195 °C

{6clina

KOMOTINI PAPER MILL DCARBQ
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D)

DIGISOLAR

Funded by

[ Funded by
S the European Union

+

Schweizerische Eidgenossenschaft
Confedération suisse
Confederazione Svizzera
Confederaziun svizra

Funded by the European Union's Horizon Research and Innovation
programme under Grant Agreement number: 101235027 — DIGISOLAR —
HORIZON-CL5-2024-D3-02. Views and opinions expressed are however
those of the author(s) only and do not necessarily reflect those of the
European Union or CINEA. Neither the European Union nor the granting
authority can be held responsible for them.

DIGISOLAR has received funding from the Swiss State Secretariat for
Education, Research and Innovation SERI under the contract 25.00331.




Thank you

DCARBG

SolarEngineering

TVP| SOLAR

CCCCC

Solarkngineering
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) DIGISOLAR

Dr. Daniel Carbonell
daniel.carbonell@dcarbo.es

Xavier Albets-Chico
xavier.albets@dcarbo.es

DCARBO ENERGY CONSULTING S.L.

DCARBO


mailto:daniel.carbonell@dcarbo.es
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SunPeek
Performance
Monitoring for Solar

Thermal

Marnoch Hamilton-Jones
SunPeek Maintainer
AEE Institute for Sustainable

Energies

AEE INTEC




D) DIGISOLAR

Robust, standards backed
performance verification and
monitoring for operation solar
thermal plants

DCARBC
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SunPeek Philosophy

Design Operation

1ISO 9806

EN 12975

EN 12976

(a_:@ Performance Verification

,Does the solar plant perform as expected?”

Performance Monitoring

,Does performance change over time?”

) DIGISOLAR CARRO @



How does it work?

Measured Power Output, W/m?

A

w @
CHECK PASSED
500
450
400
CHECK FAILED

350
300 : j : |

300 350 400 450 500 550

) DIGISOLAR

Each dot represents

a valid one-hour operating
interval. This plot considers

a safety factor of 90 %.

=

Target Power Output

Power Check is fulfilled if measured power output during valid operating
intervals is greater than target power output including safety margin.

A check requires at least 20 hours with stable plant operation.

[L_1 Target power output with 90% safety factor: 468 W/m?

P W/m?

100 200 300 400

)C/ARB“-

500

41



SunPeek for ongoing Monitoring

Ratio of Measured to
Target Power Output

e Each dot represents a valid one-hour operating
interval. This plot considers a safety factor of 90%.

120% .
I

| v
100% . s ° 8 :

’o. o @& @ e

e L | e o CHECK FAILED
80 7% |
I
I
60% I @
I
| COLLECTOR
CLEANING
40% :
I
I
20% |
I
I
0% :
Mar Apr May Jun Jul Aug

) DIGISOLAR

DCARBC
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Steps to SunPeek Power Check

Add Describe Configure Upload Set
solar collector fields and and map measured safety
plant select collectors Sensors data factor

0000

Run Power Check

I:I Target power output with 90 % safety factor: 468 W/m?
A

® i 1 i i —» W/m?
100 200 300 400 500

) DIGISOLAR

C/ARB™Y
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Power Check: Required Data - Case example

Which sensors do you nheed
to run the Power Check?

The required sensors depend on the system hydraulics.
This is one possible measurement setup.

DNI i

]

Collector field #2 H

. 1

Collector field #1

- -@mo

) DIGISOLAR
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New Features

D) DIGISOLAR

New functionality for the DigiSolar
Suite, integrated via SunPeek

DCARBC
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Detection of Performance Anomalies

Ratio of Measured to » Each dot represents a valid one-hour operating o Gradual degradation of performance can

Target Power Output interval. This plot considers a safety factor of 90 %. be hard t t
120% : e nara to Spo

| &
— : - . * 1sd o Lges o » Can be cause by e.qg. collector soiling,
7% 2 o8 @ il o
@ J * s A . . .
M . : N X insulation degradation etc.

80 %

« Explicit detection methods will be added
during DigiSolar

60% @

“CLEANING  Detection of certain short-term
. anomalies (e.qg. tracking drift for tracked
— collectors) will also be added

0%

Mar Apr May Jun Jul Aug Sep

) DIGISOLAR SCARBG



SunPeek D CAT Method

(a) Temperatures

T T
— —— Simulated outlet temperature -
—— Measured outlet temperature ]
—— Inlet temperature
Ambient temperature

(b) Thermal power

| | | | | | | | — e | |ntegration into SunPeek in DigiSolar
' '« Dynamic model of the collector array

. Can be used in periods where ISO

(c) Irradiance

. . .
Global tilted irradiance

oo =T methods find few valid intervals due to
Bz o N\ stable operation filtering criteria

Dvohmetow '| . Potential to spot performance issues

= T ' ]
% a; Specific volume flow
> 3 i
£3 10t : sooner
[dmm L 1
SR ]
w

7:54 8:24 8:54 9:24 9:54 10:24 10:54 11:24 11:54 12:24 12:54 13:24 13:54

.  Future extension: yield forecasting
based on actual condition of array.

) DIGISOLAR S>CARBG ¥



Analysis Process

Triggering SunPeek Data Ingestion and Analysis Plant Configuration [manual, one-off]

manual use [ [ Component definition Define location and main components: collectors, collector fields, etc.
General User > Javascript web app P Define settings like collector area, tilt and azimuth angles, row spacing.
\ J E
\ 4

é N f

PRI Data channel mapoin Map data channel names to components.

Technical Expert » Python API pping Define sensor settings and physical units.
\

A J

Plant configuration stored in SQL database.

T automatic use o) http REST API Configuration storage
\
A J

Data Ingestion [automatic]

((

Data Analysis [automatic]

p
Data Parsin Parse raw input data to time series. ISO 24194 Power Check Other analysis methods:
& Attach configuration info: Physical units, type of error checks D-CAT, annual yield check, etc.
\
\ 2 7 - X
p
. Calculated time series data. Algorithm Algorithm
Virtual Sensors . :
Allows introducing custom data models. \ \ J
\
A 4 & r N
4 . .
Sensor data storage Time series sensor data stored in Parquet storage. Reporting Reporting
g Includes both measured and virtual sensors. \. \ J
= N’
—’ , . \
p
Data Handlin Run on-the-fly gross error checks on time series data. Result Export Result Export
& Provide quality-checked data as pandas Series. \ \ /
\

) DIGISOLAR SCARBO
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Data Management

.  Existing robust context aware data processing and error
checking architecture will be moved to new component
built in DigiSolar

. Alltools in the suite will benefit from this this data
handling through central data ingestion and storage
component

) DIGISOLAR

DS Suite Tools

[Software System)

Timeseries Data

v

REST API and
data translation
[Container: Python, fastAPI]

Context Aware

Data Cleaning
[Container: Python, fastAPI]

Timeseries

Datastore +
HEDELE]

[Container]

High performance storage
for columnar data with time
indexes

DCARBO
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D)

DIGISOLAR

Funded by

[ Funded by
S the European Union

+

Schweizerische Eidgenossenschaft
Confedération suisse
Confederazione Svizzera
Confederaziun svizra

Funded by the European Union's Horizon Research and Innovation
programme under Grant Agreement number: 101235027 — DIGISOLAR —
HORIZON-CL5-2024-D3-02. Views and opinions expressed are however
those of the author(s) only and do not necessarily reflect those of the
European Union or CINEA. Neither the European Union nor the granting
authority can be held responsible for them.

DIGISOLAR has received funding from the Swiss State Secretariat for
Education, Research and Innovation SERI under the contract 25.00331.
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Marnoch Hamilton-Jones
m.hamilton-jones@aee.at

AEE Institute for Sustaina
Renewable Energies Grou

D

nle Technologies,

DCARBO
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The pytrnsys suite

. The all-in-one harmonized
Planning-To-Digital-
Twin framework

. ltis

- web-based

FUNCTION

- reliable, investor-trusted

SCOPE

- applicable across all
project phases

- uses the same
computational engine
throughout (pyTRNSYS)

) DIGISOLAR

DS
SUITE

o I 2 veRIFy

-and- A real-time
Simulation & Planning for ::Lﬁi&dfgl?sed Al-powered tool to optimization MPC Virtual Integrated
Advance Renewable ng solar collector detect and for system Platform on Life
Systems field diagnose faults operations Cycle Cost & Analysis
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Under Future
development development

) “»

online frontend momtormg frontend

- Runs in cloud - Runs on user’s computer - Runs in cloud

Easy to use, online access tool - Easy-to-use. Import from Online tool. - Custom GUI with SCADA connection.
- Predef. configurations hybrid ST systems. - Pytrnsys GUI for customisation. - Performance evaluation.

- User must only parametrize predefined - TRNSYS licence needed.

configurations. No modelling needed. - All flexibility of pytrnsys available to tailor the

- Export to pytrnsys GUI. scheme into the Digital Twin.
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Feasability

E| . Kolab Now = We| e -noai kamatera k Scalable Kuberne dev.resultesnet/ X Neuer Tab EEU-Seminare: O e -noai word coun = Show word coun n draw.io

Z. Untitled Diagram 4% p2dtwin-plannin Postscript - Wiki X — X
N = dev.resultes.net/login

-resultes.net/simulatio v 4 K2 Q i] O ]

. KolabNow [Owork [J personal [ studies 3 volunteering

[ Weitere Lesezeichen Ej <« G @ O E] resultes.ne
ResulTES

‘ Deutsch ‘ ()] . Kolab Now [ work [ personal [ studies [J volunteering

b €« C @ 8

o

Y O H o B oA =

[0 Weitere Lesezeichen
Neue Simulation

System-Diagramm ResulTES Deutsch @

Projektname Senneriitie

Home Simulations b90d521d05 Variations 1c73895bf7

Parameter Entwurfsphase

Energy Balance

Solarkollektor ~ Warmespeicher ~ Warmebedarf

. Grundfldche relativ zu Vebrauch
Speichervolumen

Héhe

OBcl.lc-r
Qsource
H
H

Grundfliche

Qpemand
a heat sink: the demand. Note the small pipe icon embedded into the sink’s icon. This is the network side pump.

Anschliisshéhen

QpTES, Accum
a “double pipe”, two parallel pipes, one for the hot supply and one for the cold return, insulated against each

other and against the ground. This pipe models the DH network. It includes a model of the soil surrounding the

QPTES, Losses
two pipes to account for gains from, and losses to, the ground.
Oben b

Energy (MWh)

OPJpes
A valve for mixing the supply with the return. It used to ensure that the supply temperature does not get too high.

o The valve can assume any position between 0 and 1, inclusive. The positions 0 and 1 are indicated in the figure.
itte

Qbistrict
Qimb
A “gas bailer”. There isn't any proper model behind this component. It simply sets the supply tem- perature to at
Unten least the set point supply temperature and records the energy required to do that. The energy needed by this

component represents the energy that could not be provided by either source 11) or 12) (see below)

A by-passing valve. Its position is either 0 or 1. The valve switches to 1 if the return temperature of the network is
above the temperature of the mass flow at the “0" outlet of 6)

Projekt herunterladen (pytrnsys)

A ctratifvinn valve (can he at 0 ar 1) for switchina hetween the starane inlete at 8 and 3 when charnina the

Simulieren

Jan 2025 4
Feb 2025 4
Mar 2025
Apr 2025 -
May 2025 -
Jun 2025
Jul 2025
Aug 2025
Sep 2025 1
Oct 2025 -
Nov 2025 4
Dec 2025

=, Q Suche iy

= o)
DRV T A& ;) 100005

10:04
31.10.2025
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Under Future
development development

) “»

online frontend momtormg frontend

- Runs in cloud - Runs on user’s computer - Runs in cloud

Easy to use, online access tool - Easy-to-use. Import from Online tool. - Custom GUI with SCADA connection.
- Predef. configurations hybrid ST systems. - Pytrnsys GUI for customisation. - Performance evaluation.

- User must only parametrize predefined - TRNSYS licence needed.

configurations. No modelling needed. - All flexibility of pytrnsys available to tailor the

- Export to pytrnsys GUI. scheme into the Digital Twin.
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Design - pytrnsys GUI

=33 1 2 MO T
— _I_ % E E % q Project Path: \Users\damian.birchler\src\resultes\systems\PTES

DPTee SPCnr DPCnr

Conn... TeePi. . TVentil WTan... Marme Size Type

mom

A B m

]
SEm T meEs ey .
! o iw' %_j | ] > cach... File Folder
. . I ( ) _py
. - -
W'I:il; Pumn Co]!e_.. Grou... P'V_ _'HP'_ HPTw... I | m > ddck File Folder
Sitil B 0 0 o S5l e g L
: = g s o . . -
HPN... HPDual AirSo... Stora.. lceSt.. lceSt. Fxter I | | vee - E b regimet... File Folder
Liy (RPT [ [ [ | Ly = .
1 2 o . > It File Fold
% | | -—p —Pl Tt A g I [ ] I — . results . !e older
Radia... Boiler Sink Source Sourc.. Geot.. Water —@— — - --—T H . e -—L- . : results_si... File Folder
" Il | - . | l | | 1 l ] D create_p... 7.69 KiB py File p
Cryst.. [} W owe l I | | '@' . '@"‘I‘*_, - [1] DdckPla... 4.04 KiB json File 1
CSP .. CSP PT " eoldS Gene_ J H I I i
{E = |. |. —l——-—. o e e el | | | | 0 debugPa... 293 Bytes dat File
e kg | \ - — I . .
G hl'l‘ § i PitSt... PitSt... tE—_-I 1 2 I I I I B | Hydraulic loop properties 7 % D process.... 18.46 KiB pytrnsys File
wan... chiler... cool... L _I | | | [ process.... 5.99 KiB py File
—_— _@_ L | Laop propertes [] PTES json 90.06 KiB json File ]
| I | e loops P Rl [ regimes.... 266 Bytes csv File
I I I Connections definition mode  Define connections individually ~ D run.py‘tr... 616 By‘tes py'trnsys File
| I i [ run PTE... 3.97 KiB config File
Pipes
1 I I T D run_PTE... 2.77 KiB config File
I_L' I w  Values will be applied to all pipes. Unspedified properties will be left unchanged.
I 'J Total loop length R m
Diameter =1]
U-value Wim~2K)
Simulate pipe? v W
Apply Clear
Simulate? Mame Diameter [cm] U value [W/{m*2 K)] Length
[} Bolr_ValMix 2 27777 2
(] Hx_Tee? 2 277 2
] SCnr_Tee 2 2777 2
Logging IPython console O Tee Vallix : 2 :
2026-06-22 16:09:35,511 - WARNING - frontend_widget - kernel restarted Number of pipes: 17 (of which 0 simulated), total loop length: om

) DIGISOLAR SCARBG %



Design - TRNSYS

DEEE= v x@E

= PTES-Hp1.dck £ E3

CollNbLgtdAng =9 ! : Number of Longitudinal Angles [-] ([1,100])

CollLgwRadMode =2 ! iation Mode [-] ([1,4])

Colled 0.737 ! 0 [-] ([0.,1.1)

Collel = 0.5*3.¢ ! [kd/hr.m~2.K] ([0.,+Inf])
Colle2 = 0.006*3.6 ! [kd/hr.m*2.K*2] ([0.,+Inf])
Collc3 0 ! [kd/m~3.K] ([0.,+Inf])
Collcd =10 ! [-] ([0.,+Inf])

Colles = 15.32 ! c5 [kJ/m*2.K] ([0.,+Inf])
Collcé 1] ! ent cé [s3/m] ([0.,+Inf])

CollKd 0.9%e ! ¢ ent (Kd) [-] ([0.,1.])
CollInitArrayTemf 20 ! ial Array Tem [C] ([-Inf,+Inf])

CollNbNodes=5.0 ! value changed from original by executeTrnsys.py
T T T T T T LT T T T T

T c resultes\jobs\54b383820c\workdir\PTES\. . \common\ddck\Bolr
B e e

% ¢

ARRARRARR AR R AR A AR AR AR R AR TR AR
**BEGIN Type6.d
B T
EQUATIONS 3

BolrTIn = TTee5 Bolr

BolrMIn = MBolr A

Bolr
EQUATIONS 1
TBolr = BolrTOut

EQUATIONS 1
gSysIn_Bolr = BolrPOut_kW
EQUATIONS 3
Bolron = 1

iNom_kWw*3600 ! 360000*10
BolrMflowBoi 0
UNIT 19 TYPE & 'L.hancw‘l automatically

PARAMETERS 4

BolrPBoiNom !l
BolrCp ! d Sg ed / kgK
0 ! 3: Loss UA value
1 ! 4: Efficiency
INPUTS 5
BolrTIn ! 1: Inlet Fluid Temperature c
BolrMIn ! 2: Inlet Fluid Flow Rate kg/h
Bolron ! 3: In Control Signal {between 0 and 1)
BolrTset ! 4: Setpoint Temperature C
BolrtRo ore ! 5: Boiler Efficiency Fraction

.18

50 0.
EQJATIO‘JJ 5

BolrTOut = [19,1]
BolrMfrBout = [19,2]
BolrFIn | [19,3]/3600
BolrF
BolrPOu
CONSTANTS 1

Bolruni intBoiler = 20

ASSIGN temp\BOILER MO.Prt BolrunitPrintBoiler
UNIT 16 TYPE 46 'Changed automatically
PARAMETERS 6

!Changed automatically
!Changed automatically
!Changed automatically
!Changed automatically
!Changed automatically

BolrunitPrintBoiler ! 1: Logical unit number, -

-1 ! 21 Logical unit for monthly summaries, -

1 '3 3 start time. 0: print at time intervals relative to the simulation start time
-1 D4 g i h. -1 for monthly intec

1 ! 5: o avoid integration, -

1 ! & Output number to avoid integration

INPUTS 4

Time BolrPOut_kW

Time BolrPOut_
CONSTANTS 1
BolrunitPrintBoilerHr = 21

ASSIGN temp\BOILER_HR.Prt BolrunitPrintBoilerHr
UNIT 17 TYPE 46 !Changed automatically

PARAMETERS 8

BolrunitPrintBoilerHr ! 1: Logical unit number,

-1 al unit for monthly summaries, -

1 ive or absolute start time. 0: print at time intervals relative to the simulation start time.
1 Printing & integrating interval, h. -1 for monthly integration

3 : Number of inpu avoid int i -

1 Output number d integr

5 Output number

Output number to aveid integra

= o
=
=
"
w

i Pl efAGe LB Pl BT e mad et £ Pl T P ames

1: print at absolute time intervals.

1: print at absclute time intervals.

No effect for monthly integrations

ffect for monthly integrations

&. TRNEXE: C:/Usel

culations

Temperatures

asteful.dck =

s/damian.birchler/ uliadtrnsys.rs, dll/tests/benchmark/julia

rivate/juliadtrnsy

fjuliadtrnsys

Plo ptions About
Temperatures Unused
— T1Sourceln I

—T12
— T2Sourceln

— TStore1

100.0 & TRNEXE: C:/Users/damian.birchler/src/private/juliadtrnsys/juliadtrnsys.rs/juliadtrnsys_dll/tests/bench... — O x |00

676 67.6

80.0 [EERE 0.0

413 0.0

(o]
o
o

\“l

| '| (i
: ‘W Mn

I
40.0 |} || H'\‘ t0.0

(‘ ;}

2190 2920 3650 4380 5110
Simulation Time =5577.00 [hr]

19
335.0 00

138.8

2042 269.6

,ui i

0.0
0 730 1460 5840 6570 7300 8030 8760

0

Unused

Normal text file length: 161807

lines: 3'589 1 Col:1 Pos:1

Windows (CRLF)  UTF-8
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Under Future
development development

) “»

online frontend momtormg frontend

- Runs in cloud - Runs on user’s computer - Runs in cloud

Easy to use, online access tool - Easy-to-use. Import from Online tool. - Custom GUI with SCADA connection.
- Predef. configurations hybrid ST systems. - Pytrnsys GUI for customisation. - Performance evaluation.

- User must only parametrize predefined - TRNSYS licence needed.

configurations. No modelling needed. - All flexibility of pytrnsys available to tailor the

- Export to pytrnsys GUI. scheme into the Digital Twin.
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Demo of pre-design phase/web Ul

Live at dev.resultes.net

Ask me for registration code if you're interested in trying it out.

5 | [ KolsbNow:=Wel @ -noai kamatera k Scalable Kuberne | dev.resultesnet/ X  Meuer Tab EEU-Seminare: &' @ -noai word coun B Showword count Il draw.io

Ju Untitied Di 2o p2diwin-planninc (G Postscript - Wik ~ X =
bl p2dwin-plonnin: () Postscript -Wikir + = dev.resultes.net/login o
O 8 devresultes.net/si es [E O a o R b
B <olab Now [lwork [Jpersonal [ studies [ volunteering [ Weitere Lesezeichen B[]~ €— C @ O 8 resultes.net/simula S NS . t © Y O H o R q =
ResulTES ‘ EufiEsh ‘ ®@ B Kolab Now [Owork (3 personal [J studies [J volunteering

En C @

(3 Weitere Lesezeichen
Neue Simulation

System-Diagramm ReSU |TES Deutsch @

Projektname Senneriitie

Home Simulations b90d521d05 Variations 1c73895bf7

Parameter

Entwurfsphase

Energy Balance

Solarkollektor ~ Wirmespeicher ~ Wairmebedarf

Qcolr

PCcmp
. Grundflache relativ zu Vebrauch
Speichervolumen

OBSIIe:-r
Héhe H

Qsource
Grundfliche .

Qpemand
a heat sink: the demand. Note the small pipe icon embedded into the sink's icon. This is the network side pump.

QPTES, Accum
Anschliisshéhen

a “double pipe”, two parallel pipes, one for the hot supply and one for the cold return, insulated against each

OPTES‘LSSSES
other and against the ground. This pipe models the DH network. It includes a model of the soil surrounding the OPlpes
two pipes to account for gains from, and losses to, the ground.

Cben : A valve for mixing the supply with the return. It used to ensure that the supply temperature does not get too high.

o The valve can assume any position between 0 and 1, inclusive. The positions 0 and 1 are indicated in the figure.
itte

Qpistrict
Qimb

A “gas boiler”. There isn't any proper model behind this component. It simply sets the supply tem- perature to at

least the set point supply temperature and records the energy required to do that. The energy needed by this

component represents the energy that could not be provided by either source 11) or 12) (see below)

Unten

Energy (MWh)
B B
N |

A by-passing valve. Its position is either 0 or 1. The valve switches to 1 if the retumn temperature of the network is
above the temperature of the mass flow at the “0” outlet of 6)

Projekt herunterladen (pytrnsys)

A ctratifuinn valve (can he at 0 ar 1 for cwitchinn hetween the ctarane inlets at 1 and 9 when charainn the

Simulieren

Jan 2025 |
Feb 2025 4
Mar 2025 -
Apr 2025 4
May 2025 4
Jun 2025
Jul 2025
Aug 2025 -
Sep 2025 -
Oct 2025 4
Nov 2025 4
Dec 2025 1

| N 10:04
e L 31.10.2025
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https://dev.resultes.net/register

Developments within DigiSolar

New systems New functionality

. Model three DigiSolar plants in pytrnsys .
suite (Izmir, Bad Rappenau, Komotini)
.  Five representative, big commercial

nybrid-ST system “archetypes”

) DIGISOLAR

Digital Twin
Connect to plant

Compare expected KPIs from simulation
to actual KPIs from measurements
continuously

Used to validate MPC/AEMS

Used by FDD

DCARBC
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DIGISOLAR

Funded by

[ Funded by
S the European Union

+

Schweizerische Eidgenossenschaft
Confedération suisse
Confederazione Svizzera
Confederaziun svizra

Funded by the European Union's Horizon Research and Innovation
programme under Grant Agreement number: 101235027 — DIGISOLAR —
HORIZON-CL5-2024-D3-02. Views and opinions expressed are however
those of the author(s) only and do not necessarily reflect those of the
European Union or CINEA. Neither the European Union nor the granting
authority can be held responsible for them.

DIGISOLAR has received funding from the Swiss State Secretariat for
Education, Research and Innovation SERI under the contract 25.00331.
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