ModelFile C:\Users\f3511465\Desktop\India BEE (2018_02_16)\Wolf (20"~

BeginData Type Name Description Unit Fir
@ProfileName Qof
@Errars
@Warnings
@Status
@ExecutionTime

spec Feedwater_flow.MEA Measured or star kg/s
=—Heatrate (Load)

result PKOND.RESULT Calculated value at
result Efficiency_meter.ETA Efficiency % I—Condense pressure
result Turbine Heatrate kcal/kWh (Load)

result GEN_LEISTG.RESULT Calculated value MW

EBSILON®Professional

Benefits for Offline- and
Online Applications

Dr.Hans-Peter Wolf (STEAG Energy Services, Germany),




EBSILON®Professional
stea
+ Optional Add-on Modules =

EBSILON®
Professional

EbsScript EbsConfigurator EbsBoiler VTU OEM Piston EbsSolar EbsOptimize EbsValidate
Engine Library

Script Language build model of Detailled Piston Engine Detailled Design Optimization of Statistical
of

and Interface steam power calculation of Model based on Design Method for data
functionality plant or Boiler OEM Data CSP-Solar field specifications reconciliation of

(EbsOpen) cqmbr:nefjtpycle measurements
in short time

1 2 3

All modules suitable for Offline- AND for Online simulations using thermodynamic
EBSILON model based on 1-st principle Physics
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EBSILON®Professional
Offline / Online simulations steag

Offline Online

. SR::xServer
SR Client SR::SPC
Measured values / Integrated system Statistical
results process control
Caonfiguration i
Data administration SR:-EPOS
Data export io Excel
Reporting Water/steam cycle
Optimization: cold end
Heat recovery steam generalor
Airfflue gas path
Gas turbines
Process quality monitoring
What-if calculations
|
DCS/PI EBSILON®Professional
Measured values Data validation (VDI 2048)
i.e. manual interaction of user I.e. automatic calculations and
with EBSILON communication between different modules,

No user-interaction

19.02.2018 3



EBSILON®Professional

steag

1-st principles thermodynamic model

Calculations are
based on 1-st
principle physics

813412 NW

* Conservation of
mass and heat

» Design and
partload

* Fast and stable
solution algorithms

« High accuracy and

realistic results

Same model for

Offline and Online

19.02.2018 4



ModelFile C:\Users\f3511465\Desktop\India BEE (2018_02_16)\Wolf (20"~ " 33200 — — 00,000
BeginData Type MName Description Unit Fir 1830.00 Lt
F 00,300
@ProfileName of \ /
@Errors 1825.00
Warnings - 00,000
@ g 1820.00
@5tatus Su
{@ExecutionTime 1815.00 \ 00,000
spec  Feedwater flow.MEA Measured or star kg/s 1810.00
==i==Heatrate (Load) \ 20000
result PKOND.RESULT Calculated value at EES00 \'
result Efficiency_meter.ETA Efficiency % 13mDET.-CDnden5EmrE55urE - 00,000
result Turbine Heatrate kcal/kwh : (Load)
result GEM_LEISTG.RESULT Calculated value MW 1785 00 : : : : : 00,000
300 350 400 450 500 550 a00
EndData

EBSILON®Professional
EbsScript

steag




Scripting and interface capabilities

e PASCAL based scripting language for EBSILON
e Variables and functions e.g. mathematics, loops, if/case etc.

e Applicable on different application levels
e Model: EbsScript for automated calculations (Offline as well as Online,
example: PADO)
e Component: Kernelscripting with programmable physics allows to create taylor-
made components

e Additionally it includes Interface for COM and .NET environment (,,EbsOpen®)
o VBA/C+4+/C#/Matlab/Python ... functions with full access to EBSILON models

e MS Excel Addin (based on EbsOpen), no programming required,
user does not have to be EBSILON expert

19.02.2018



EbsScript

steag

MS Excel Addin

Additional functionality (independent of ,,Pascal programming®)
e automatic data-transfer between Excel and EBSILON
e automatic EBSILON calculations triggered from Excel sheet

e - no detailed knowledge of EBSILON model required

e Calculation of what-if scenarios and parameter studies

Example: Load variation via Excel-Addin

19.02.2018 7



EbsScript

MS Excel Addin

MaodelFile C:\Users\f3511465\Desktophindia BEE [2018_02_16\Wolf (2018_02_19)\EbsScript_exampleshcoal_plant_excel_interface.et

steag

Communication between Excel

BeginData Type Name Description Unit FirstProfile LastProfile
@ProfileName Offdesign  Offdesign  Offdesign  Offdesizn d EBSILON h gh
@Errors [} 1] [+] 0 an t ro u
@Warnings 1] [+] 0 0 E b O 1 f
@5tatus Success Success Success Success S pen Inter ace
@ExecutionTime 20:43:21 20:43:21 20:43:21 20:43:22
SpEC Feedwater_flow.MEASM  Measured or startvalue kg/s 560 540 400 350 EBSILON Odel iS inViSibIe to
result PKOND.RESULT Calculated value at 0.0495 0.0434
result  Efficiency_meterETA  Efficiency 5 47.78 47.75 EXCGI user
result Turbine Heatrate keal/kWh 1801.83 1802.67 1820.
result GEN_LEISTG.RESULT Calculated value MW 774.21 74882
EndData
1835.00 00, 00D w ps S
1530.00 L
\ _______j-J - 00,000
1825.00
l’bﬂ// L 00,000
1520.00 \
1E15.00 \ 00,000
1E10.00
—4— Heatrate [Load) \ 00,000
1805.00
—fi—Condenserpressure \‘_’ L o0 000
180000 Hode ’
1795.00 00, 00D
300 350 400 450 500 550 E00
19.02.2018 8



EbsScript steaq

Summary and Benefits

e Powerful tool for automated calculations (Online) and parameter studies (Offline)
e Possibility for data import/export

e Automated reports

e Integration into software infrastructure and business processes

e What-if calculation (Excel-Addin) by non-EBSILON experts, for example effect of
switching off equipment (HP-heaters, CW-pumps, ...)

19.02.2018 9



EBSILON®Professional
EbsConfigurator

for steam power plant and
combined cycle power plant

steag




EbsConfigurator

steag

for steam power plant and combined cycle

e predefined macros for power plant elements

e easily configured, automatically connected by ,,Connector“-Component

e EbsScript generates Design and Offdesign calculation

e easy-to-use calculation, but with high level of detail

e full flexibility for modifications according to EBSILON philosophy

e configurator available for : Process steam plant, combined cycle power plant etc.

Example: configurator

19.02.2018 11



EbsConfigurator

steag

steam power plant

Profile Simulate | == -

Structure All Profiles Gross elechrical powsr  © 150000 W < 5 min Utes to Create
EI. : 55EB KW
NE{D:;ctursi:al power : 144435 kW CO m plete mOdel Of
Consumer power 3 -0 kW
Fuel : 344037 kW
s seckical efficiency . 4300°% steam power plant
Met electrical efficiency © 41.828 %
Thermal efficiency : -0.00 %
Total gross efficiency : o 43.80 %

no expert knowledge of
EBSILON required

Boiler J_ i Lt i b e P | i
qw[ [I [j: [‘T ?H‘@ Uses pre-configured

L macros

Lo N3] B 18040 o

with reheat

:

_T? Details of Model can
"1 « be configured by the
o) user

&

LAl
I
e
"
i
lﬂ[
| b
4
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L] =]
H_._..—._
i
¥
[Tl
i
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EbsConfigurator
stea
for Combined Cycle PP =

e detailed OEM performance information for 733 gas turbines, 30 kW to 567 MW

e from 13 Manufacturers (Siemens, GE, Mitsubishi, Alstom, Ansaldo, Rolls Royce, etc.)

[ TOEM CT Camee Sethne === [ES SRS |

S67.7 MW | 8401 kifkwh

Heat Rate - Partload Fraction

5
15 20 25 0 — 35 ED AS
50
1.5

15 C

Eile Edit Library Tools 0 SGT5-9000HL, Gas = HIDE LIERARY Help
Genera || Correc tion Curves | Results | calculation Log |

-

n

Nz | oo S Comp 106: OEM GTLib
- 50013 kKJfkg Mo Data Mo Data = =

- 0 kaf=s Mo Data Mo Data

- 50 Hz Mo Data Mo Data

==

i

Partload Fraction
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EbsConfigurator
stea
for Combined Cycle PP 9

No. of GTIHRSG trains | ] :
‘ Create Off-Design Case Efidencynet  56.2%

= N Heat Rate net:  6187.8 kJIKWh
No. of Steam Turbines HeatRate net.  5864.9 BTU/KWh

Qutput gross: 588.8 MW

190335 MW H
Y Y L < 5 minutes to create

P e
" oo [ complete model of
e — | CCGT
t|p I I-J; ,,S"Izﬂﬁ [%
;f Uses OEM GTLib
1006 | 15156 | iﬂ%% =
Sl I o Details of Model can

o . : i i
quﬁ_j@tﬁ* o R TIP - smtee  be configured by the
:.oaaF:zlmm S [ [ igggg 13%?2 user
=

h wr Pef
-

(T o 2o
SE oE oe e mE s
1.038 bar |594.455 klik T T T
: 1.013 |100.853
623.528 °C  |859.400 ka/s I I | | | | 05,616 |859.400
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EbsConfigurator steaq

Summary and Benefits

e no expert-knowledge required to create full-fledged model of complete power-plant in
very short time

e elements of the configurator can be extended by the user

e together with OEM GTLib possible to create model of combined cycle power plant
based on gas turbines manufacturers data

e reliable results

19.02.2018 15



EBSILON®Professional
EbsBoiler Module

steag




Motivation steag

EbsBoiler components

e Heat transfer based on geometric and material data (calc. based on VDI Heat Atlas)

e Simulation of radiative/convective heat transfer in boilers (drum, once through)

e Ash recirculation for CFB boiler also possible

e Evaluation of heat transfer quality of individual heating surfaces possible

1 — L LA iw e Flalal @'&
| Gravity circulation boiler | | Once _through boiler / T
N - 1 —
F 8| == i & | e
L B isesmr L
o n Hg_‘ e o8 Fluidized bed combustion
l I = l & e = Ash immed
% __%:ﬂ v oE ] Leme
- e 1.0 bar r == N!EG{‘“N
— e ] |5 B R
! Lell 5 R iy I
T |__$ =T e [
= = et
: —
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Modelling strategy

Flue gas (comp. 88, 90)
e Reaction zone: combustion, ash
removal, radiation

e Radiation zone: heat transfer

dominated by radiation, no reaction

e (Convection zone: heat transfer
dominated by convection in tube

bundles, no reaction

19.02.2018

steag

Water/Steam (comp. 89,91)

Combustion area: bubble boiling,

radiation from coke, ash and soot

Radiation area: radiation from fluegas

up/downstream

Bundles: convective heat transfer,

auxiliary heating surfaces (wall etc.)

18



steag

Utilization of boiler components

Support N
Tobee Walls

ﬁgig In ftfrmodynamlc model of the boiler :

§é t;r;ansfe;

eﬁergy

L v “émpal'e,the results of heat

+ Calculate éfficie ney of each |

ons possmle

Whatlf c
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Boiler components

Summary and Benefits

SR:EPOS Deme Unit B - STEAG Energy Services - [SH1.DGR]

1,% File Edit View Diagram 5PC  Measurements  Parameter Diagrams  Processsheets  Reports  Too

pEEEsda 9 90 AR EERT v A
http://winidemo/SPC.DEMO_EN/SpciWebApp/KpiReport.aspi?tag=D1_PAFL_C_EFF2

DEMO 20 - GEMERAL VIEW X | DEMO 20-BOILER X | KPl: D1_P&F1_C_EFF2 [actual efficiency PAFT [EPOS™) GEJX | SH1.DGR

[rM] % [¥3] $/h
100+ 2DEI—E
o 1504
80 100
704 50
E0 0
50 B0
40 -100
30 150
20 200
10 250
o= 3005 I I I | T |
121500 P 2:00:00 Pk 4:00:00 P £:00:00 Prd 5:00:00 P 10:00:00 Pr4 12:00C
B2/ 84234
Q BCM_HS02_P_PFF_MIN SH1 pedformance factor minimum 727293 % |_Y'|}-|
Q BCM_HS02_C_PFF_TARG SH1 target perfformance factor 836943 % IT1}|
Q BCM_HS02_R_PFF SH1 reference peformance factor HS 785423 % |_Y1}-|
() BCM_HS02_R_PFF_RF SH1 residue fouling HS after SB (D=clean) 113688 % |_Y‘I}-|
19.02.2018

steag

Automatic Calculation of
Heating Surface Efficiencies,
based on calculation of actual
heat-transfer coefficient
Advises soot-blowing

Results are input for SR::BCM

Soot-blowing condition-based
instead of fixed intervals

20



steag

PADO

e Automatic calculation (using EbsScript) in Online systems for Boiler diagnosis
e Calculation of actual efficieny of each heating-surface

e Results are input to SR::BCM (,,Boiler cleaning management) which advises for
an economical condition-oriented boiler cleaning to maintain high boiler

efficiency at minimal cost

Examples:
1.) PADO of coal-fired power-plant, including boiler-diagnosis
2.) BPOS in Suratgarh Unit 6

19.02.2018 21



EBSILON References offline in India (77) steag

e State utilities:

e BEE Energy Auditors:
e NTPC/NETRA:

e BHEL R&D:

e CPRI:

e NPC:

e Aditya Birla:

e TUV Siid:

19.02.2018
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(worldwide > 1280)
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