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Modelling Decarbonization Technologies

AGENDA Thursday27May 2021 13:30 Central European Time (Amsterdam, Paris, Berlin)

(1) Welcome &Overviev’

(2) Demonstration of selected sample files:
u "Traditional Renewablelechnologies

U CQ Capture (new plant design with CCS & adding CCS to an existing plant)

(3) NOVO PRO

U Introduction
i Sample 1: 300MW Hybrid Plant (PV + Wind + Thermal Plant), Grid Simulation

U Sample 250MW OpenrCycle Gas Turbine Replacement Project in Australia

(4) Powerto-Xfeatures
U Hydrogen

U Storages

(5) Questions & Answers (approx. 15min)
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Thermoflow' s Products contribute to théGreen Transition"
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DecarbonizationTeChnology- OVERVIEW GTPRO®/ STEAMPRO®/ THERMOFLEX NOVOPRO®
GTMASTER® STEAMMASTER( - PEACE®

Conventional coal plants with flue g&€) capture FDM link
Biomass and WtE plants with or without flue 2@ capture Yes Yes FDM link
GT Combined Cycles with flue g3 capture Yes Yes FDM link
IGCC plants with flue g& capture Yes Yes FDM link
IGCCdr NG) plantswith pre-combustioncarboncapture Yes Yes FDM link
CombinedCycleor cogenflexibly integratedwith SMRpre-combustioncarboncapture Yes FDM link
Oxyfuel coalfired plants "Yes" Yes FDM link
SupercriticalCQ/Oxy-Fuelcycles incl'Allam Cycleand"Graz Cycle" Yes FDM link
Solar Thermal (CSP), aadintegratedsolar thermalkystemge.g. ISSCC) Yes .I?ngRen "
Liquid Air Energy Storage (LAES) Yes DU Storage
Wind Farmsand Powetto-X, Electritdeater Heat Pumps, Heat Storages Yes Yes

PV Plants and Pown-X,storages ElectricHeater Heat Pumps, Heat Storages Yes Yes
Hydrogenproduction Yes Yes
Hydrogenasfuel in anythermal plant Yes Yes Yes FDM link
Batteries PumpedHydrg UserDefinedStorage, Heat Storages, F@Hll Yes Yes
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DecarbonizationTechnology Sample File in Library 0] /€] =

Conventional coal plants with flue g&€&) capture THERMOFLEX file: Coal Plant (fTiedto CCS (SB4)
Conventional coal plant with flue g& capture.STP

Biomass and WtE plants with or without flue g3 capture THERMOFLEX fi®asteto Energy (S25a)
MSW plant with flue ga€Q capture.STP
MSW plant without flue ga€Q capture.STP

GT Combined Cycles with flue S capture Conventional NG cmbined cycle with flue ¢43 capture.GTP

IGCC plants with flue g& capture THERMOFLE}s. IGCQvith post-combustionCCS (Sh6a), (S8L7a)
IGCC plant with flue g&O capture.GTP

IGCCdr NG) plantsvith pre-combustioncarboncapture THERMOFLE}s. IGCQvith pre-combustionCCS (SB6b), (S5L7b)

IGCC planwith pre-combustioncarboncapture.GTP

CombinedCycleor cogenflexiblyintegratedwith steammethane THERMOFLEX file: Simglsammethanereformer (S618)
reformer (SMR)pre-combustioncarboncapture

Oxyfuel coalfired plants THERMOFLE}es. SupercriticaPCwith postcomustionCCS (ShH1)
SupercriticaDxyfuel PCwith post-combustionCCS THERMOFIfies (S5
14a), (S5L4c)

PressurizedCFB Oxjuel with CCS THERMOFIf#e(S521)
Hybrid GT Oxfuel with CCS THERMOFIfites (S513), (S&L2)

SupercriticalCQ/Oxy-Fuelcycles incl'Allam Cycleand"Graz THERMOFLEdes. Graz Cycle (Ofuel) (SR29)
Cycle" Allam Cycle (Oxiyuel) (S25a), (S525b), (S%bc)
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DecarbonizationTechnology Sample File in Library oPAGE

Solar Thermal (CSP), aadintegratedsolar thermalsystems THERMOFLEes. Solar Thermal (8%7), (S&7a), (S99), (S59b), (S5L0),
(e.g. ISSCC) (S510a)

Integrated Solar GTCC {&5

Integrated Solar Gas Turbine Cycle-(8b)

Liquid Air Energy § (S530a)

ing (S80c)

\IQVe";f Eifr:]“;nd Pof X | yiri®re samples http://thermoflow.com/decarbonization.htm||(S523). (S22b),

PV Plants and Pow 522), (S22b),
Hydrogenproductionfrom Wind and PV THERMOFLEX file: WhodHydrogen (S24a)
Hydrogenproductionfrom SteamMethaneReformer SMR THERMOFLEX file: Stelslmthane Reformer (S4.8)

Batteries PumpedHydrg UserDefinedStorage, Heat Storages, THERMOFLEX filbsorption Chiller + Stratified Storage Tank THERMOF!
FuelCell files(S324)

Sample Fileg default folder:"C\Program Files (x86)hermoflow29\ Samples"
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http://thermoflow.com/decarbonization.html

Modelling Decarbonization Technologies

AGENDA Thursday, 27. May 2021 13:30 Central European Time (Amsterdam, Paris; Berlin)

(1) Welcome& Overview

(2) Demonstration of selected sample files:
U "Traditional"Renewable Technologies

U CQ Capture few plant desigrwith CCS &ddingCCS3o an existingplant)

(3) NOVO PRO

U Introduction
i Sample 1: 300MW Hybrid Plant (PV + Wind + Thermal Plant), Grid Simulation

U Sample 250MW OpenrCycle Gas Turbine Replacement Project in Australia

(4) Powerto-Xfeatures
U Hydrogen

U Storages

(5) Questions & Answers (approx. 15min)
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"Traditional’, "Old", "Thermal, X lower emissions& Renewableoptions

- HighEfficiencyl'hermalplants
- Biomasd Wasteto Energy

- SolarThermal

- Geothermal

- Bilogast Recip Engines

- sCQcycles

- CQ capture

- HybridPlants
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HighEfficiencyThermalPlantsA lessspecificCQ kg/MWh

- Ultra Supercriticalr DoubleReheatConventionabteamPlants(STPM &TFX)
- AdvancedH-Classsas Turbin€ombinedCycles
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2.1 1000 MWUItraSupercriticaDoubleRH CoaPlantin STEAM PRO

Plant gross power 900194 kw Ambient
Plant net power 865496 kW 1.013p
Number of units 1 : 1;1‘
Plant net HR (HHV) 8376 kJ/kWh — Ti’;:'bu;
Plant net HR (LHV) 8099 kJ/KWh — 0 !

Plant net eff (HHV) 42,98 % Net Eff (I—HV) - 4415 /0

Plant net eff (LHV) 4445 %

Aux. & losses 34698 kw SpeCIfl(I:Q - 725 kgMWh

Fuel heat input (HHV) 7249 GJh
Fuel heat input (LHV) 7010 GJh

Fuel flow 5227 t/iday
2575 p 8213 T 17805 M
27,3p4536T17805M )
8140821419737 M T
83840398 4 T 15737 M 1481 M
To stack 04,5 p 8021 T 22171 M

\V '/ / : 900194 kW
HPT | — PIPT = 2PTs |/ 4x1LPTs

SO2 removal 5 1250.9 M
aff =95 % o = = 0.941 x
800 T 820T 820T
144 8T 21T M 19737 M 17805 M
> oFan 2,358 M
ESP
137.8T 13787 N
338 M
Dust coliection 3154 M A
eff=385% seddns
BFPT
02T 20527 23157 19527 180.2 7 12827 .23 T 85,027
322,1p
20027 i} 8D = 70 = 6D | 5C = 4D — 3D — 20 = 1P
2171 M
2329p
TTD [C] 2,78 278 2,78 2330 278 2,78 2,78 278 32T
DCA[C] 438 438 5,00 03T 5,02 5,00 5,00 1385.3 M
2171 M *
Conventional Boiler Double HP Feed Water Heater Train & Single LP Feed Water Heater Train plbar] T[C] M[th] x[]
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2.2 2x1 HClassGTCombinedCyclePlantin GTPRO

GT PRO 29.0 MG Ambient
Gross Power 1665546 kW 1,013P
Net Power 1634199 kW 15T

Aux. & Losses 31346 kW 60% RH

LHV Gross Heat Rate 5616 kJ/kWh
LHV Net Heat Rate 5723 kJ/kWh

10,82 Twb

LHV Gross Electric Eff. 64,11 % 1€8p
LHV Net Electric Eff. 62,9 % 599 T
Fuel LHV Input 2598134 kWth 987.9M
Fuel HHV Input 2882925 kWth {><}
Net Process Heat 0 kWth Stop Valve 531546 KW
Cold Reheat
—_ e 00483 p
Net Eﬁ:(LHV) - 62,9% — A A 32257
o 37.84 p 9 ¥ 12392 M
SpecifiacCQ = 314 kgMWh 05207 x
p g 9441 M
3,382p
2885T
119 M
__ Hot Reheat
1.013p T
84127
7158 M
[
to HRSG
CH4
186,9 M :"0}3 e
Y 2598134 kWth LHV @969 M
LPB HPB d
38p 3712p 1744p
14187 248 T 2544 T
1438 M 1545 M 8751 M
17T 29037 4563 T
1518 T 258 T WL 4T
277 T 2 x User Def GT

12413 M 1134000 kW

p [bar] T[C] M [t/h], Steam Properties: IAPWS-IF97
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Biomass; Wasteto Energy (TFX / STFTM)

BoilerTypes

- GrateFired

- FluidizedBed

- AdiabaticCombustiorChamber(TFX) fouwet biomass
- Biomasg WasteFuellibrary

- Cogeneratiod DH&Cavailable

- AutomaticSteamCycleconfiguration

- AutomaticBoiler &AuxiliariesDesign

- SeveralCoolingSystentypesavailable
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2.3 250 MWSsupercriticalCFBBiomassPlantin STEAM PRO

Plant gross power 250027 Kkw Ambient
Plant net power 227399 kW 1013p
Number of units 1 - ‘s:
Plant net HR (HHV) 10119 kKJ/KWh 10821.“:'““
Plant net HR (LHV) 9297 kJ/KWh Z
Plant net eff (HHV) 35,58 %
Plant net eff (LHV) 38,72 %
Aux. & losses 22628 kw
Fuel heat input (HHV) 2301 GJ/h
Fuel heat input (LHV) 21142 GJ/h
Fuel flow 3239 t/day
T - Tp
815p5716TE38TM 2743 T
§458p3739TEIBTM 5477 M
2472p 5732 T 7437 M
\V / v/ 250027 kW
HPT | [ | 1PT | LPT
3000 RPM
Fumace temp. 0,108 p
8T 48877
. 4316 M
Gas velocity 240p &0p 0.90% ¢
2ok 570T 50T 905
T43TM 8287 M
‘_ g WO T
0,818 M Limestone ; 39
o 7o a
+ 2,859 M Bed drain
28237 2427 20117 18027 1247 85357 HRHX
45737
27125p
23257 i 6D — 5D 4C — 3D — 20 — 1P —
7437TM
O [C] 2.78 278 273-:,‘; 2.78 278 2.78
DCA [C] 458 5,00 3:3'7 Y 5,01 5,00
Circulating Fluidized Bed Boiler ' plbar] T[C] M[th] x[-]
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2.4 20 MWWasteto Energy +District HeatingPlantin THERMOFLEX

TEFXSampleS322

Bit

Gross power

Net power

Met process heat output
CHP efficiency

44444

111111

I

B8
90
k4
I

i
E

19129 kW
16786 kW
63581 kW
83.35%

(G

par|C
v'hl klikg

From district

. heating network

Hi
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SolarThermal(TFX)

- Types
- ParaboliclTrough
- Central Tower Heliostats
- Linear Fresne&lollectors

- Options
- HTF andMolten Saltsdatabase UserDefined
- With or without molten saltsthermal storage
- Directsteamgeneration
- 24 hours/ AnnualYieldcalculation ELINK
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Defocus

2.5 SolailhermalParabolicTrough+ MS Storage(TFX)

Solar Energy Ambient temperature 25 C 50000 kW
0% 156441 kKW Ambient RH 50 %
- ANI 500 Wim*2
DT Solar Field
| OF = 2,a75ba
E E 17,02 p 17,02 p Auerturedeﬂ:::ussd-ﬁ% 12,61 p 12,61 p
3 | 300,17 266,6 T Heat from field = 100 % 3857 3857
. 2897 h 988,6 h % | 160 of 160 flowpaths in use §| 12224h 12224 h
§44.7 m 669,11 m ﬂ = 669,l m $44.7 m .
2 S >
Foic o s [ s F ety K To network
e R : 8 S
, 100,2[378,1 J a
5564|3026 a a
1108 o2
2/ ih i
15.1[378.1 /0 o o e A
3307(3209 g 1273 kW
18,85 |203.3 i ‘? ;:11%3927 1702p DF = 0,1596 bar ééslg
45,15|2705,3 491.8 ' ' 333.7h  [Heat Exchanger Besn
1244m | ua = 7948 kw/C Pamii

LMTD = 3,745 C

DTc=2,514C

. [s] T
103,1 |308,2 =7 P
—~ d - 255 T —
56,19(1390,5 847 h T T~
206,1 m DP = 0,0981 bar -
Level = 46,75 % Level = 53,25 %
G T
2,336 2,472
stP 07"
2] Ba7h 990,1 h
206,1 m 206,1 m
o [42] Vol = 12418 m~3 Vol = 12419 m~3 bar-p
103,2[249.8 kg - h
47 56,19]1084,9 Storage system: charging mode Stored fluid: Nitrate Salt 60% NaNO3 - 40% KNO3 by wt kafs=m
Y
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2.6 Solar Tower + MS Storage(TFX)

TEFXSampleS57a
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