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ABOUT THERMAL POWER LIBRARY

« Comprehensive modeling, simulation, and optimization framework for thermal power systems,
including district heating networks.

» Covering new and traditional energy sources including:
* Concentrated solar
 Gas and coal
* Waste

* Nuclear o100 nl ]

Direct normal irradiance [W/m2] Generated power [MWe] Total losses [MW]

0.57 0.92 0.98 0.38

Heliostat efficiency Receiver efficiency Steam generator efficiency Rankine efficiency

28.7 MW
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PURPOSE

« Simulation of thermal power plants and district heating systems for
* Process design
* New plant concept evaluation
* Requirement verification
« Analysis of plant dynamics
« Controller design and tuning
« Commissioning
* Lifetime calculation

« Optimal operation of plants and district heating systems
« Start-up optimization of power plants
* Short-term production planning for district heating systems

©2021 Modelon.
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KEY BENEFITS

* Rapid model development using pre-configurable
templates and numerically efficient models & fluids

* Ready to apply out of the box, accurate and robust models
with a large set of correlations

« Easy to share and re-use models during the entire design
cycle thanks to flexible fidelity

* Ability to simulate start-up sequences, standard and
emergency scenarios or design plant-wide control
strategies

N
DN =

NN

\ g

/I/lod

EIOI'L ©2021 Modelon.
e ] ] [



KEY CAPABILITIES

» Wide support of technologies including solar, gas, waste, coal and nuclear

* Large set of components and fluid models

» Detailed geometry vs data based correlations

« Complex geometry-based and simpler efficiency-based heat exchanger models

» Fast steam/water and flue-gas properties
* |[F97 water/steam implementation with analytical derivatives

* Fluid and models capable of gradient-based optimization
* Integration with Modelon carbon capture plant library

* Heat exchanger dimensioning using dynamic models

» Easy control design with autotuner and inverse models

MLOdE/On_ ©2021 Modelon.






' CASE STUDY |
q Improving Power Plant Operation
Objective T

ey N H5T 3 §
Using Modelon’s Thermal Power Library researchers set out to improve == e SR g
the flexibility of one of Germany’s largest thermal power plants — SR TRE — U ‘é
integrating a higher number of renewable energy sources. Eﬁ - o e N

-4 1 v kv Wy M g
Results T

T I T T
- Generator Qutput (Measurement)
Generator Qutput (Simulation)

« \Validated model using experimental data
* (Control reserve assessment
 Estimation of the mechanical and thermal stress

* Improved primary control reserve o5l
« Experimental verification of the improved controller 5 I SN SN SN N NS N
« Minimal life time consumption of critical components R R YR F

In collaboration with:
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q CASE STUDY

Optimized Start-up of a Gas Combined Cycle and a
Coal Fired Power Plant

Improve plant flexibility by reducing start-up time. :
Power output is maximized while keeping stress level
under threshold limits using optimization techniques.
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Steam turboset
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Results “

» Better economy with maximized power output.
» Improved life-time with temperature gradients constraints
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Coal-fired  307% 70% 35%

plant Faster startup ~ Reducedoil  Less CO2
consumption  emissions

In collaboration with:
odelon_ SIEMENS
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CASE STUDY

Platform for Microgrid Design and Operation

Objective p—
(o K g v -
Build, size, configure and control microgrid based i s 57
on its geographic location balancing the power 8 S 22, w'/
flow depending on the amount of energy VS by, G?./
produced by the renewable resources. 3 o T W R pm OB
S5 20
Two different use cases: il B
« Peak shaving optimization to reduce cost with — ” -IW.M
limited power consumption during high loads 1102 towd 2400 ot $329
« Economy dispatch finding the optimal “ oo -y 323 I
operation of the microgrid components with - cic

the resulting economic cost
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q CASE STUDY

Upgrade to 4" Generation District Heating Systems

Prosumer

...............

Assess the impact of an upgrade of an existing
heating network when renewables with volatile
production and prosumers are introduced
throughout the network.

+ Total length: ~14.000m

Results _—
* base unit: sAMW *—JSOIm‘ Unit
+ Top Unit: 750kW ;

System details:
+ Consumer: 103

* Solar Unit: 55kWp
+ Solar Unit Prosumer: 5-12kWp

* Operation at lower pressure with distributed e

production units - %

 Prediction of local pressure transients and

kW]

Mass flow [kg/s]

back-flows Bl
» Design and verification of advanced control : ﬂ
strategy T B o A

&0‘19[0”_ ©2021 Modelon.




S

Optimize the operation of district heating networks - v

to minimize cost while satisfying constraints from
network capacity and customer demand

T_soely P -+
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Production unit and Customer O feed water temperature and

« Maximal flowrate and minimal supply ol N N
. §sa |'I
temperature for low cost operation i
» Peak shaving by exploiting heat storage in e

network

« Transport delay and heat loss accurately

accounted for

/I/lodelon_

CASE STUDY

Optimal Production Planning of District Heating Systems

Lzad W]
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Total customer load

temperature constraint

Production unit mass flow and mass flow constraint
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q CASE STUDY

Operation of a CO2 Absorption Process Integrated in a Coal-Fired Power Plant

Investigate new operating requirements and
implementation of new technologies.

* (CO,-absorption process does not significantly
affect the load-following capabilities of the power
plant in terms of power output

* When steam availability is varying, power output
can be increased at the expense of increased CO,
emissions.

/I/lodelon_
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Scheme C
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0 2 4 6 8 10
Time [h]

Steam flow to reboiler [kg/s]
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q CASE STUDY

Thermal Power Plant Design and Extension

Typical customer concerns addressed by the library

1. Is my drum well-dimensioned? Can it be
properly controlled?

2. A new heat/steam customer is to be connected DHK
to my plant. What is the impact on the plant
control and efficiency?

3. Nominal plant data are available from a tender
call. How does the future plant behave at part
loads and during transients?

4. What would be the economic gain of a design
change based on data for a typical year?

5. What is the minimum size of the bleed valve to
be able to control the pressure in the
feedwater tank?

MOdEIOIL ©2021 Modelon.







LIBRARY CONTENTS

W m ThermalPower

o Information
i Examples Experiments

. ] . . . FlueGas
Conventional and renewable energy applications: (€] woPhase

nuclear, gas, microgrid, district heating, coal, district SolidFuels
heating and design Districteatng

= i - o
o MicroGrid
2200 419.85 1258.0 (690 | 00513 0.2 j:"ja 854,61 409.10] 34.48

Solar
HP steam (] Generated power [MWe]  haet boiler [MW] st6am pressure (Dar] coeser pressre ] drum nosr qusity (%] quality [%]

| 284.8 n 1521 21 s Heat input by fuel [MW] Generated power [MWe]  Auxillary equipment loss [MW] @ ControllersAndSensors

85zl Furni parastcs W] it shcaney
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SubComponents

Units
5] system_TPL
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LIBRARY CONTENTS « )

* Microgrid hy
* Dynamic simulation including both consumers and Interfaces
producers sources ) Records

\:l RenewableEnergy

 Control system balances the power flow depending (] Exarnples
on the amount of energy produced by the renewable | Acbusbar

resources | DCbusBar
Inverter

MPFT_Inverter

Economy

=1 MicrogridManager
ﬁ Transformer

/I/lod
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LIBRARY CONTENTS

* Solar
 Support for parabolic trough, power tower
* Energy storage using molten salt

Direct normal irradiance [W/m2] Generated power [MWe] Total losses [MW]

Heliostat efficiency Receiver efficiency Steam generator efficiency Rankine efficiency

system TPL ’
summary .
@ mFlow_HTF

Lt

durafion=10

T_ambient_deoC  system TRL

k=20

cloudt
it

sun receiver

heliost

massFlow_HTF

hotSource coldSource

ColdTank
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18 20 §
— =
—— Talal insclatian Tout_setPoint_
——— Power trans.., HS Seld .
rankine 60| - :m ﬁ ::‘"" T T aeen Storage
——— Powsr genersted ¥
‘controi
_________ Control mode ‘Heatexchanger | Hot tank | Cold tank
Flow to hot tank [kg |
o discharging D TR 385.87| T [C] 291.85 T [
§ 7.182 | Level 6.824 | Level
termnateSmuiation = - . charging | Heat flow [MJ/s] evel [m] evel [m]
steamGenerator @ 8144.8| v lig [m3) 7739.2| v iiq ma]
7.7 | Qloss [klis] 17.3 | Qloss [kJ/s]

R
Liquid vl [rr]

/I/lodelon_

v Solar

@ EnergyStorage

B Insolation
FowerTower

ParabolicTrough
:ﬁ SteamGenerator

©2021 Modelon.



LIBRARY CONTENTS

* District heating

v DistrictHeating
i Accumulator

@ System_SConsumers

» Non-linear physics based models with transport 3 System_10Consumers
delays & consumers
e Scalable simulation to several hundred customers E:E“ﬂ'
» Fast simulation of transient scenarios Interfaces
* Production planning using dynamic optimization F‘mhd““ers
SubComponents

=
step_T_supply
stariTime=86400

©2021 Modelon.
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LIBRARY CONTENTS

 TwoPhase

* Liquid, vapor and 2-phase components

» Steam and water but also refrigerant capable

Legend ssss.lnnm

2
7540|2253
ploar] | nikikg] — )
= [N ° walvel .
Tl | mugs 2 i
g £ 110 | 42f8" -
B 307.31371.0

r 743130825
375.7|280.8

ssn Fae a

drain

?!

f 27365/29915

468912253

Total heatto water [MW]
848

Heat o risertubes [MW]
386

lambda

v
y-orbda ] ool

y_fuslfiow_kg per_s <’£ﬂ_—|

temﬂ

nominaData

HE

initData

Hi@

summary

Gil

@
&

gas_out

drain_rehe.

Q ‘

drain_reheat

O

drain

®

drain_Cool...

pump_hp

296.44|7257
167.7 [ 2926

O |

pump_ip

nominalData

initData summary

=

condenser

p_gen_out

generator.___fp>

cooling_so...
SN
[ \
T p )
\ }
N
cooling_sink

Legend
plbar) | hiklkg)
TIC] | mikais]

v TwoPhase

Interfaces
Templates

Records
Deaerator

Drum
Condensers
FlowChannels
FlowResistances
HeatExchangers
Sensors
Separators
SourcesAndSinks

SplitsAndJoins

PEFEEE[DEES IO

TurboMachinery

Valves
@ Volumes
E] Examples
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LIBRARY CONTENTS

 FlueGas (gas mixtures) v (€] Fuecss
* Pipes, valves, volumes, combustor, fan ... Interfaces
 Efficient lumped pressure discretization in pipes

Filters
FlowChannels
FlowResistances

system_TPL Legend
p [bar] p[ki/kg]
i@ [mic HeatExchangers
on @ Sensors

pass 5 SourcesAndSinks
hest HCI—0.00
L startTme=20 NAZ' 705'% - .
TOZ 350 Sp“tﬂlﬁlndjﬂlﬂﬂ
HZ0 7.50

C super oiler eco
i \ar ; stea... O O O
7.04 ,-1306.9 502 0.00 1.00 [-1301.9 s = | == == 5 d .
starTime=10 368 | 1.0 Asn I 00 415 1 1.0 — = ¥ Mom et e TurboMachinery
T ’ Ta diagram
e = - == T Valves
fiowSource [ —— Gas Water
dynamicPipe sink \
@ Volumes

1ol 28.7 MW -

/I/lod
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LIBRARY CONTENTS

e SolidFuels

» Combustors, sources, transport, heating values

calculator
 Quickly create fuel mixtures

R L S, T S JE— L —_Pewsn |

cl 0.0000 Cl 0000 Cl 0000 cl 0.0000

[+ 44 2080 4 2210 4 44 3830 [+ 04438

H 60351 H 0302 H 8575 H 00588

0 414383 [+] 2072 0 413092 0 0413

plom)  hiling) N 0.4901 N 00025 phan  ning) N 02951 N 0.0030
14128 5 0opes. 5 00004 5 0103 5 0000

H20 18500 H20 00195
Ash 61220 ~ Ash 00612

H20 00185
Ash 00192 |

zo|x|n/0
|80
g
g
=z
-

3
H20 13500 H20 00000

Ash 61220 _ Ash O

HCI__ 00000 ACI__00000
A 04300 A 3258
N2 75480 N2 2693711
02 23180 02 724715
11
H20 00000 H20 _ 0.0000
502 __ 00000 S02__0.0000
Ash 'D 0000 Ash 00000
u
HCI _ 00000 HCI___ 0.0000
Ar 13000 A 08427
N2 754600 N2 780310
02 209934
) €02 00329
101 HI0 00000
250 0000
Tisge: 0000

Tawigs row;
HC1_0.0000 HCI_ 0.0000
A 01300 A 32542
N2 75490 N2 2694764
02 10843 02 338641

1
H20 05430 H20 301304
S02__0.0021 S02__0.0322

Ash 00612 Ash 09420

02 99065
CO2 148976
502 00188
Ash__0.0559

B R

7 Bottom ash [kg/s]

0.0551

Ash diff%]

Tot diff%]

Fuel Air Mass balance check Burner element balance check
Flow [mnm]| LHV_AR [k:alllsg‘] lambda ‘ arinfkgis]  gas outlkgls] H difff3%] | N diff3] | |
3.60 3931.2 1.88 10.0000 | 11.0000 0.00000 -0.00000 0.00000
LHV_AR [MJIT] Flow in [wa‘h] Flow out |Mnna|m| fuel infkg/s]  fuel outfkg/s] C difff2%) Cl diff%]
16.45|  30807| 33446 1.0000 | 0.0000 -0.00000 | | 0.00000 | 0.00000 |
HHV_AR [MJ/kg] Tin[c] Tout[C] totin kg's] totout [kg/s] O difff%] S difff%]
17.88 25 | 1383 11.0000 | 11.0000 | 0.00000 | | 0.00000

/I/lodelon_

DVEHEEMNELE

w @ SolidFuels

Information
Interfaces
Examples
Combustors
Conversion
HeatingValues
Sensors
Sources
Types

Mixer

Simplemill
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LIBRARY CONTENTS

 Control

« Templates for automatic control design and verification v (@) controllersandsensors

. h's eriments
« PID controller, autotuner, inverse models for Speriment

. Autotuner
feedforward action .

LimPT
Normalized time delay controf

taw: LI(L+T) system TPL Legend

o [oar] hfklikg] emy LimPID
lag dominat... 0.107 delay domi... }‘

[* UniversalSensor
tau<0.1 0.1<tau<086 tau > 0.6
Integrated Time Delay First Order Time Delay
KV ey Kp enis
s 1+T"s
0.000 | Ky -7.326 | Kp i
0.058 | L 0478 | T \ \f ]l{—
0.058 | L =
" 1 \ N
PID PID Pl kil ES
AMIGO tuning rule 8 \ // Il:
K Ti Td % B
-0.538 | 0.222 || 0.028 |
itroller
’%\4 o
h e — + >—
Experiment mode i Verification - +
Startup Stabilization Exponential Growth Relay Switching Stabilization Model verifcation

O O O O o
odelon_
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LIBRARY CONTENTS

* Heat exchanger dimensioning

 Using dynamic models (can be integrated directly into
a system)

 Support of various design modes (temperature,

heatflow..) .. == _
= B o ==

X_in_prim{}
design
— indaryX._.
T_in_prim
v[m/s] v[m/s] P
6 91 ndary.T_.
p_out_prim 4 m_flow_prim
bar) hikl/.
Boundaryp _ kv boundary
}/ T 150
D( N i A
—
ninsee
SikPrimary
boundaryh_ - radtionFlow[]
_in_sec_from_T
Q_flow=0hex.n
Waterhlediu... [————
v[m/s] p_out_sec
m_flow_sec
11.81 rd boundary.p..
boundary.m.. o . temperature —¥Pa
. hp)
ﬂﬂﬂﬂﬂﬂﬂﬂﬂ & i ;‘% ,_,-""
8 00T 80
TR B0 oot a0 Sinksecondary

steof 25 | 47 |

Tube length [m] Number of tubes alpha prim [Wi({m"2*K)]
400.0 | 703.1| [1687.2] 3.23 | 99.3 | 1162
T outsec [C] T out prim [C] Q [kW] Delay time [s]  Heat area (inner)[m"2] alpha sec [WAmM"2°K)]

0.20 99.3

Effectiveness Heat area (outer)[m'2]
odelon_

v HeatExchangerSizing

o Information
Data

Functions
Templates
Types

E DesignManager
4 Economizer

4 Superheater

¥ EconomizerCalibration
EconomizerSizing
SuperheaterSizing

EconomizerVerification

KKK

SuperheaterVerification
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LIBRARY CONTENTS

» System component
 System wide settings (ambient pressure and temperature)
* Automatic system summation:
 Fluid mass, volume and energy
« Wall mass and energy
» Power consumption of auxiliary components

T_ambient_degC

/I/lod
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LIBRARY CONTENTS

¢ MEdla V@Media
» Gas mixtures, liquids, fuel and two-phase
 Efficient and optimization capable ] SolidFuels

» Fast and robust IF97 water/steam implementation (8] Twophase
with analytic derivatives

40
AT T L A L NN A AR AR AR
_ _ - L0 AL AR A L R R R
Density as function of pressure and specific enthalpy i i =
e &
wn 4
~mf ¥
g I 1
mE - _ [l
o T 3
5 umE JE
o iy 3
0 E |
[y L i
. H
120 -1
3 - F
100 i é
E 3

2

1 S0 Mo 1
4 0 E T e e e L e et == e e ' | 3
Pressu reipa) : II[ : L’L &0 I:E: 1000 120 400 16000 18000 2000 00 MO0 00 2400 IEIE[II : vl El-lf,[‘ : EE-:II IE—’:lfl I-:fm

Specific Enthalpy (J/Kg)

Enthalpy (kiikg)
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RELEASE: 2021.2
New Features

 Thermal Power LibraryEl enhanced by a CO, storage
separation process for gas-liquid contactors containing models
for carbon separation from fuel gas with an absorption process
and adsorption process

Gas  Liquid

45" Temperawre 80 90" Temperawre 135

Gas Liquid 1
B
H
g
H
H
0

* New detailed photovoltaic models with connection to the
electrical grid

* Solar Power Tower with Supercritical CO, -based
Recompression Brayton Cycle example has been
developed. This is an example of a central receiver
concentrated solar power system, based on a model of
the 12.5 MW Solar Two test facility

MOdEIOIL ©2021 Modelon. 28




RELEASE: 2021.2
Enhancements

 Significantly improved microgrid in the Thermal Power Librarym £y ﬁ

with various control and dynamic optimization options Eg ‘ w/\m;
* Economic Dispatch o MY
* Peak Shaving S Electric Grid
* Demand Charge Reduction > P
* PVSizing L 5 S
* Generator Sizing -

Controller .= - -
Generator Consumers

MOdEIOIL ©2021 Modelon.



RELEASE: 2021.2
Enhancements

* Geometry parameters S_t and S_| of Fins are no longer evaluated
Improved the start attributes of the HeatExchangerDimensioningBase template

Replaced all type of absolute pressures from Sl.Pressure to Sl.AbsolutePressure, since
SI.AbsolutePressure is a better usage

/I/lodelon_
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