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Introduction

TAESS is a software tool designed to make the thermoeconomic analysis of energy
systems from their thermodynamic model and productive structure.

It is based on the works on Termoeconomics developed in CIRCE and the Dpt. of
Mechanical Engineering of the University of Zaragoza (Spain), since 1986. Their main
characteristics are:

e User Interface based on Excel.

e Exergy Cost computation.

e Automatic generation of the Fuel-Product Table.

e Cost decomposition and formation process of products and residues analysis.
e Fuel Impact analysis.

e Irreversibility variation analysis.

This manual explains the software installation, the basic handling of the application and
the structure of the reports and results that are obtained.

The present version of TAESS is designed as a prototype of a more extensive project.
Although this version is limited in the size of systems that can handle (max. 25
equipment) has all the functionality available and can be used for educative purposes.

Detailed documentation about the algorithms used and a collection of examples could
be found at http://www.exergoecology.com.



http://www.exergoecology.com/
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1 TAESS Setup

TAESS is an application based on Visual Basic macros for Microsoft Excel ©. There is
a setup program: Setup_TAESS.exe that could be obtained from:

http://www.exergoecology.com/taess

1.1 Requirements
To install and execute this application is required:

e Microsoft Windows © 2000 or XP operating system
e Microsoft Excel © 2000 or 2003

1.2 Regional Settings

TAESS is designed to work with the number options defined by the regional settings
“English (US)”. These options set the Decimal symbol to a . (point) and the Digit
grouping symbol to a , (comma) in both the Numbers and Currency tab sheets.

The first and quickest is to change your Windows Regional settings to one of the ANSI
languages such as English US, English UK etc.

Select the Windows Start, Settings, Control Panel, Regional Settings menus to bring up
the current settings, and then Select English(US).

You also could find a useful tool, call PointComma at:
http://www.et.webh.mek.dtu.dk/Software/PointComma/lndex.html

1.3 Microsoft Office Excel Configuration

To work with this application you must verify the Excel macro security level. If Excel
has a macro security level of HIGH, macros will not open. Within Excel click on
Tools\Macro\Security and set the security level to medium (safer) or low.

1.4 TAESS Setup
After download the file Setup_ TAESS.exe, double click the icon shown in Figure 1

Setup_TAESS

Figure 1. TAESS Setup icon

This program copy the files in the selected folder, by default “Program Files/TAESS”,
but you could change it during installation. Optionally, it creates Start menu link folder,
which contains::

e The launch program to create the excel workbook
e The help file

e A web access to the program page.


http://www.exergoecology.com/taess
http://www.et.web.mek.dtu.dk/Software/PointComma/Index.html
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e Anuninstall program.

Before to start the application you should setup properly the number settings in the
regional options and the security level for the Excel macros.

The installed software includes an “Examples” folder, with:
e A standalone program for a simple thermodynamic model of a gas turbine: tgas.exe

e CSV data files, whose contain the output results of the thermodynamic model to use
as input data in TAESS

e The workbook of the example.
You can found more examples in the web page of TAESS.
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2 Starting TAESS

TAESS starts opening a dialog window (Figure 2), from which you have access to:
e The application [Help].
e New Excel workbook. [Continue]

The handling of TAESS is conceived around a work case: a reference state, a operation
state or both. The application makes, under user request, the calculations to obtain a
termoeconomic diagnosis report.

The new Excel workbook, generated by TAESS, uses a template which contains all the
required macros and two initial sheets:

e Physical Structure

e General Data.

Once, the workbook is created, it can be managed as any other Excel workbook. You
can save it with a specific name that can be opened later. .

E Thermoeconomic Analysis of Energy System Software
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Figure 2. TAESS start window

2.1 Physical Structure

In this worksheet the diagram of the physical structure of the system could be pasted. It
will serve as reference for the user.

We will use an example of Gas Turbine Cycle TGAS, to illustrate the functionality of
the program.
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Figure 3. Physical Structure of TGAS plant

2.2 General Data
General Data is the main sheet (jError! No se encuentra el origen de la referencia.),

and its divided in three parts ( Figure 4):
o0  New Configuration Definition.

o  Device Names.
o  Flow properties definition.

B MicrosoR Excel - TAESST il |
@_] archivo  Edicién  Yer Insertar Formato  Herramientas Datos  Veptana 2 PDF de Adobe Escriba una pregunta Sl
D21 - =
Tlgemoetsﬂy'gmicgﬁévsisof Impart Data Caloulate About Tl
MEr EMS S0Mvware —
L8 ’V Reference Operation | Table FP Reference | Table FP Operation ‘ Diagnosis || Aboum
( irce
Centra de Investigacion de Recursos
v Consumos Energéticos
| GENERAL DATA |
[ Mew Configuration
#Productive Devices 1 3
REFERENCE OPERATION
issipati i Accept
# Disgipative Devices a A Flow | Exerdy, EIKW] | Exerdy, E[KW] |Ouptt Device] FP | INput Device |  FP
1
#Flows 2 2
No. Device DEVICE |
0 Environment |
Productive 1 L
[»
M 4 v v\ General Data/ Physical Structure [/ e
Listo

Figure 4. General Data

2.2.1 New Configuration Definition
The dimension of the system is provided in this block. You must enter:
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e The number of flows
e The number of productive devices
e The number of dissipative devices

In order to make a good definition of the system configuration you should known which
devices are productives and which are dissipatives

e Productive devices: Their purpose is to obtain products that will be used in further
processes or becomes the final product of the system, e.g.:

o  Compressor: Its purpose is to compress the air, which is used in the
combustor.
o0  Turbine: Its purpose is to produce mechanical energy used in the generator.

e Disipative devices: Their purpose is to reduce or eliminate the environmental
impacto f the residues generated in other devices, e.g.:

o  Condenser: Its purpose is to disipate the heat (entropy) generated in a steam
cycle.

0  Stack: Its function is to reduce the temperatute and pressure of the combustion
gases and expel it to the environment.

In our example there are five devices (4 productive and 1 dissipative) and 9 flows, see
Figure 5

— Mew Configuration
# Productive Devices | £l
# Dizsipative Devices | 1 Accept
# Flows IEI—

Figure 5. TGAS configuration
A table, which contains the number, name and type of devices, is shown in Figure 6

No. Device DEVICE
1] Emvironment
Productive 1 Combustor
2 Compressor
3 Gas Turbine
4 HRSG
Dissipative b Stack

Figure 6. Device Description

2.2.2 Flows Exergy.

In order to make the thermoeconomic analysis of the system it is necessary to have the
exergy of each the flow of the system, those are obtained from an external
thermodynamic model.

The application allows defining two datasets of thermodynamic states: a “reference”
state and “operational” or current state.
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2.2.3 Phisical Structure

The definition of the physical structure consists of indicating the pair of devices each
flow of the plant connects. Every flow of the plant outputs from a device and inputs to
another device. The environment is considered as the device “0”..

The physical structure of the TGAS plant, according to the enumeration depicted in
Figure 3 is..

o

Flow#1 outputs from device#2 and input to device#1
Flow#2 outputs from device#1 and input to device#3
Flow#3 outputs from device#3 and input to device#4
Flow#4 outputs from device#4 and input to device#5
Flow#5 outputs from device#0 and input to device#1
Flow#6 outputs from device#3 and input to device#2
Flow#7 outputs from device#3 and input to device#0
Flow#8 outputs from device#4 and input to device#0
Flow#9 outputs from device#5 and input to device#0

OO0OO0OO0O0OO0OO0Oo

2.2.4 Productive Structure

Each component or process of the system has a productive purpose. It is established by
means of the definition of its efficiency:

Efficiency = Product / Resources

that measures the quality of a process. This is to say, there is an implicit classification of
the flows crossing the boundary of the system, the flows that are the production
objective, and those that are the resources required to carry out the production.

For each process or component of the system is necessary to identify the flow streams
that constitute its product streams, and the flow streams used to obtain them, called fuel
streams. Accordingly, it can be said that the fuel is the amount of exergy provided by
the fuel streams, and the product is the exergy provided by the product streams.

To describe the productive structure we must identify, for every component, one or
several fuel and product streams as the collection of the flows that constitute them.

The TGAS productive process starts in the combustor, where the combustion process is
performed, it uses natural gas and compressed air to obtain hot gases, which are
expanded in the turbine to produce work. Part of the work is used in the compressor to
compress the air used in the combustion. The output gasses of the turbine are used in the
Heat Recovery Steam Generator to boil the water and the exhausted gases are expelled
to the environment in the stack.

Device#0 is the environment, it extends everything outside the limits of the system
(control volume). The resources of the environment are all the system outputs and its
products are all the system inputs, so the productive definition of the environment is:

o  Flow#0 outputs as Product.
0  Flow#5 outputs as Product.
o  Flow#7 inputs as Fuel.

o  Flow#8 inputs as Fuel.

o  Flow#9 inputs 0 as Fuel.

Device#1. Combustor, its purpose is to obtain heat gases by means of the combustion of
natural gas:
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F[1] = E[O] + E[5]

P[1] = E[1]

0  Flow#5 inputs to device#1 as Fuel.
o  Flow#0 inputs as Fuel

o  Flow#2 outputs as Product.

Device#2. Compressor: Its purpose is to compress the air used in the combustion; it uses
part of the work produced by the turbine:

F[2] = E[6]

P[2] = E[2]

o  Flow#6 inputs as Fuel.

o  Flow#3 outputs as Product

Device#3. Turbina. Its purpose is to obtain work expanding the combustion gases.

F[3] = E[2]-E[3]

P[3] = E[6]+E[7]

o  Flow#2 inputs as Fuel

o  Flow#3 outputs as Fuel (exhausted)
o  Flow#6 outputs as Product

o  Flow#7 outputs as Product

Device#4. The funcion of the HRSG is to recover the gases heat to produce steam.
F[4] = E[3] - E[4]
P[4] = E[8]
o  Flow#3 inputs as Fuel

0  Flow#4 outputs as Fuel (exhausted)
o  Flow#8 outputs as Product

Device#5. The purpose of the stack is to expel the exhausted gases of the HRSG:

F[5] = E[4]

P[5] = E[9]

o  Flow#4 inputs as Fuel

o0  Flow#9 outputs as Residue

The productive definition of TGAS is shown in Figure 7

REFERENCE OPERATION
Flowi | Exerqgy, E[KW] | Exergy, E[KW] |Oumnt Device P | Inpunt Device FP
1 2TEa.BB63 28216574 2 P 1 P
2 99325704 10079 3868 1 P K] F
3 40801127 414042241 3 F 4 F
4 a09.5528 a51.144a7 4 F a F
5 12206.7941 12345951491 ] P 1 F
6 a046.21149 IMz2E1922 3 P 2 F
7 2a00.0000 2a00.0000 3 P 1] F
8 2347.8464 2347.8464 4 P 1] F
9 a09.5528 a51.1457 ] P 1] F

Figure 7. Productive Structure of TGAS
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3 The TAESS Taskbar

The TAESS commands are distributed in four taskbars located at the top of the excel
worksheets. See Figure 8.

Import Data Export About
’7 Reference Qperation Tahle FP | Ahnut—‘

Calculate
(Table FP Reference ‘ Tahle FP Qperation | Cost Analysis of Reference ‘ Caost Analysis of Operation | Diagnasis

Figure 8. TAESS Taskbars

3.1 Import Data

Import Data Taskbar provides the command to import data from external applications,
which made a thermodynamic analysis of the plant, like EES, ASPEN, BBlocks, or
TermOptim. The import files contains the exergy values of the flows and the definition
of the physical and productive structure. There are two import data options, as it is

shown in Figure 9

*" EES Format (*.csv)

* General Format (*.txt)

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

Figure 9. Import Data options

3.1.1 EES Format

EES (Engineering Equation Solver) is software developed by F-chart, which allows to
user building thermodynamic models of energy systems, and export the results in CSV
format (Comma Separated Values).

This files could have 3 format types of:

o Format 1. Contains the device names and the exergy values of the flows

o Format 3. Contains the devices names the exergy values of the flows and the
physical structure of the system.

o Format 5. Contains the devices names the exergy values of the flows and the
physical and productive structure of the system.

The archive structure is the following:
Format 1, 3 and 5:

o  First row: Format type. (1,3,5)

o  Second row: Nr. of flows, Nr. of productive devices and Nr. of dissipative
devices.

0  Third row: Device names.

o  Fourth row: Flow exergy values
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Format 3;

o  Fifth row: Number of the outgoing device of the flow.
o  Sixth row: Number of the ingoing device of the flow.

Format 5:

o  Fifth row: Number of the outgoing device of the flow.

o Sixth row: F/P definition of the outgoing device of the flow.
0  Seventh row: Number of the ingoing device of the flow.

o Eighth row: F/P definition of the ingoing device of the flow.

Note: The F/P values are representedas 1 and 2 respectively.
Figure 10 shows a the CSV file of the TGAS example.

Microsoft Excel - TGasRef.csv

@_] Archivo Edidon Ver Insertar Formato Herramientas Datos \Ventana 2 Escriba una pregunta - .8 X
A= RN -0 < N K S|IE==HDy € B8 EFE| b A-E
d S i A | 1 | i] 3y @_‘l | "+ Responder con cambios... Terminar revision... !
G24 - f
A | B | ¢ | o [ E | F | 6 | H | ]

|1 5
| 2 | 9 4 1
| 3 |Combustor |Compressor Gas Turbine HRSG Stack
4 | 2765.68629 993257037 4080.11269 473.622873 12206.7941 3046.21191 25000 2395.57191 473.622873
| 5 | 2 1 3 4 0 3 3 4 5
| 6 | 2 2 1 1 2 2 2 2 2
| 7 | 1 3 4 5 1 2 0 0 0
| 8 | 2 1 1 1 1 1 1 1 1

9 W
M 4 » w[\ TGasRef K3 3l
Listo

Figure 10. CSV file

3.1.2 General Format

The application allows a general text format that could be easily generated by any
thermodynamic modeling software, like ASPEN. It has the following format:

o  First row: Format type. (2,4,6)

o  Second row: Nr. of flows, Nr. of productive devices and Nr. of dissipative
devices.

o  From the third row until end of file. It has 2, 4 or 6 columns depending of the
format type.

Format 2: This format contains the flow nr. and the exergy value

o  First column: Flor number

0  Segunda columna: Exergy value

Format 4: Include the phisical structure.

0  Third column: Number of the outgoing device.
0  Fourth column: Number of the ingoing device.

Format 6: Include the productive definition.

o  Fifth column: FP definition of the outgoing device flow .
o  Sixth column: FP.definition of the ingoing device flow

Figure 11 shows the TXT format for the TGAS example.
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E‘- TGasRer - Bloc de notas

Archiva  Edicidn  Formako  Wer  Swuda

4 1
2765,.685629
o3, 57037
4080.11265
509552845
12206, 7041
3046, 21191
2500, 00000
2357, 846348
509552845

(el v Bt e YN [F RN N R ey
[ S PTR TS ST S

|
e

Pod Bl P Pod Tl 2 2 P P

SO M s

Figure 11 TXT file format

3.2 Export Data
This control creates a TXT file which contains the information of the Fuel Product

Table.

The first row indicates the number of flows, number of productive devices and number

of dissipative devices. From the fourth row to the end, contains 4 columns:

o

0]
0
0]

First column: number of flow
Second column: exergy value
Number of the outgoing device
Number of the ingoing device

E‘- Table FP - Bloc de notas

frchiva  Edicidn Formato Wer  Swuda

o 4 1

T ow Exeroy
1 12206.79

2 4222, 86319
3 2576.35109
4 367,845

] 16259, 59440
6 094, 20875
7 141. 88304
8 2500

G 3045.21191
10 2357. 84836
iR 509,55285

fa R, W SO R PY R PR Y U

Figure 12.Archivo TXT, TablaF - P

FRFRPwWREmoE S o e

output /Froduct  Input/Fuel
1
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3.3 About
It shows a panel with information about TAESS (Figure 13)

TAESS

THERMOECONOMIC ANALISYS OF
ENERGY SYSTEMS SOFTWARE
TAES version 1.0
TAES Build Date03/10/06
Operating SystemWindows XP

Developed by:
Eng. Erika Pérez Z.

Dr. Eng. Cesar Tormes C.
Prof. Antonio Valero Capilla

CIRCE - University of Zaragoza, Spain
http:ffcirce cps.unizar.es

Figure 13. About dialog panel

3.4 Calculate

The buttons of the Taskbar to make the TAESS computations appears only on the
worksheets where is possible to do them. There are the following of calculations:

e Table FP Reference: It generates the FP table for the reference state

e Table FP Operation: It generates the FP table for the operation or current state, only
available if the operation state has been loaded.

e Cost Analysis of reference: It generate the cost reports and graphics for the
reference state.

e Cost Analysis of operation: It generate the cost reports and graphics for the
operation state, if available

e Diagnosis: To execute this control, you need to load both reference and operation
states It generates the diagnosis reports and graphics.

When, we execute the diagnosis command from de “General Data” worksheet, all
computation, reports and graphics described above are preformed.
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4 TAESS Structure

The TAESS application generate three types of reports:
e Table F-P for each state (Reference and Operation)

e Cost Analysis for each state, which include the result report and the cost formation
graph.

e Thermoeconomic Diagnosis, which includes the result report and the fuel impact
and irreversibility analysis graphs.

To access to each worksheet generated by TAESS, you must click on the corresponding
tab, located on the bottom of the workbook. See Figure 14.

-

|
4« » W General Data { Table F-P Reference ' Table F-P Operation ¢ Cost Analysis Reference £ [< ][] 2]]

Liska

Figure 14. TAESS Woorksheets access

4.1 Table F-P

The F-P table worksheet, Figure 15, contains the F-P table and the residues distribution
ratios matrix <RP>.

B3 Microsoft Excel - TGAS el (2%

@_] Archivo  Edicion  Yer Insertar Formato  Herramientas Datos  Yeptana ¢ PDF de Adobe Escriba una pregunta o
=" | o - 2 -0 - N & S8 ES=E % % mE€ R EE b AL
Al - i3
Thermoeconomic Analysiz of General Calculate Export About
Energy System s Software ’7 General Data Cosl Analysis of Oparation | Diagnosis | Table FP | About—‘
( irce
B o o | TABLE F-P FOR OPERATION |
DEVICE FO F1 F2 F3 F4 F5 Product
Environment PO 123580 12350
Combustor P1 4276 2584 397 7258
Compressor P2 1663 10048 154 2822
(Gas Turbine P3 2500 3128 5628
HRSG P4 2358 2358
Stack P5 f51 f51
Fuel F 4858 12340 3128 5938 3588 551
Residue R 541
| | [ i e w—" [Rg— T —" | — T— " |
T 5 | o07z201] 0.2789] [ [ I 1.ooo0]
v
M 4 » v|{ Tahle F-P Reference % Table F-P Operation /. Cost Analysis Reference ¢ Cost Analysis Operation  / Diagnosis 4 Physical £ [ < >
Lista

Figure 15. F-P Table worksheet

The F-P table is the adjacency matrix of the productive graph of the plant. It provides
information about the resources and product distribution. Each cell E(i,j) represents the
portion of the product of the component i-th becomes fuel of the j-th component. It is
divided in three parts:

e The PO row, which contains the external resources of the system.
e The FO row, which contains the system outputs, both final products and residues.

e The [FP] matrix, which represents the internal distribution of the product.
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Figure 15 shows the FP table of the TGAS system. The external resources enter in the
combustor cell PO-F1 (12350kW). It has two final product: the net mechanical work of
the turbine FO-P3 (2500kW), and the exergy generated in the HRSG F0-P4 (2358kW).
The exergy dissipated in the stack is 551 kW (cell FO-P5).

If the system has dissipative units, we need to define the residue cost distribution ratios
matrix <RP>. By default the application distribute the cost of the residues proportional
to the exergy of the productive unit processed in the dissipative units:
RP(r,)=E(i,n)/F(r).

Figure 16, shows the <RP> matrix for the TGAS plant. The costs of the residues
dissipated of the stack are allocated to the combustor and compressor in a relation 72%
and 28%.

=RP= 1
5 0.7201

2
0.27949

|’ 1.0000]

Figure 16. Matrix <RP>

4.2 Exergy Cost Analysis.
The “Cost Analysis” worksheet (Figura 16) shows two tables:

e Termoeconomic indexes (exergy and cost) for each device.
e Table FPR of cost

E_’] Archivo  Edicidn Wer  Insertar  Formato  Herramientas Datos  Veptana 7 PDF de Adobe Escriba una pregunta B
=" | s -% e - 2l -1 - N &S ESE=E % %€ S EE b A
Al i e
Thermoeconomic Analysis of [
Energy System s Software |
|THERMOECONOMIC COSTS FOR OPERATION BTATEl
Cem
F P | k c. C Cp [ C. C. C.
Combustor 1 123495191 72577285 5091.7902] 17016 17016 0.1054] 1.8100 1.0000f 13136.5322) 12348.5191 7aT.013
Compressor 2 M261922) 28218579 306.5343 1.1086 2133 0.2571 24284 20926) 6652.0979) 63461232 305.9747
(Gas Turbine 3 9930.9647) 56281922 HOT7IS 1.0552 19225 0170 2.0926 18631 MTT7.E77T6) 11777 6776
HRSG 4 3589.2764) 23578464 1231430 1.5223 27734 0.2455) 3088 18831 TI7.8647)  T117.96847)
Stack 5 551.1457 551.1457 1.0000 15219 01612 1.95831 1.9531 1092.9578] 10929575
TABLE F-P OF COBTS FOR OPERATION STATE
Fo* F1* F2* F3' F4* F5* [
Environment P 12350 12350
[Combustor P1 7740 4678 bk 13137
Compressor P2 4037 2440 375 6852
Gas Turbine P3 5232 6546 11778
HRSG P4 7113 7118
Fuel Ce 12350 12350 6546 11778 718 1093
[Gtack TP5 | 767 306 ] T | 1003
| Residues [c.| 757 | 306 \ | |
=
M 4 b M { Table FP Reforence { Table F-P Operation { Cost Andlysis Reference ), Cost Analysis Operation  Diagnosis 4 Physical Structure [ Gra| < >l
Listo

The indexes shown in each column of the first table are:
Exergy of fuel (kW)
Exergy of product (kW)

F
P

I Irreversibility (kW)

Figura 1. Hoja Cost Analysis
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K Unit consumption F/P (kW)
Cp Unit exergy cost of product (kW/kW)

C|:>e

Unit production cost due to irreversibilities (KW/kW)
Cp' Unit production cost due to residues (kW/kW)

Cr Unit exergy cost of fuel (kW/kW)

Cp Exergy cost of product (kW)

Cr Exergy cost of fuel (kW)

Cr Exergy cost of residues (kW).

Figure 17 shows the exergetic indexes for each component

F P | k
Combustor 1 123496191 72577288 5091.7902 1.7016
Compressor Z 2815922 28216579 3065343 1.1086
GGas Turbine 3 59359647 56251522 F10.7725 1.0552
HRSG q JoBH.27R4| 2357 B4B4)  1231.4301 1.8223
Stack 3 551.1457 5511457 1.0000

Figure 17. Exergetic indexes

The unit exergy cost of the product is decomposed in two contributions. The first is due
to the irreversibilities and the second to the residues. Figure 18, shows the unit exergy
cost for the TGAS system.

(o Cr Cp Cr
Combustor’ 1 1.7016 0.1054 1.5100 1.0000
Compressor’ 2 21313 025971 24284 2.0926
Gas Turbine’ 3 1.9225 0.17m 2.0926 1.9831
HRSG’ 4 27734 0.2455 3.0135 1.9831
Stack’ 5 1.8219 0.1612 1.9831 1.9831

Figure 18. Unit exergy costs

Figure 19, shows the FPR costs table. Each cell C(i,j) represents the cost of the product
of the i-th component becomes fuel of the j-th component. For example, P1-F3 contains
the cost of the product of the combustor that is used in the turbine..

Fo* F1* F2* F3* F4* F5* Ce
Environment Po* 12350 12350
Combustor’ P1* 7740 4673 715 13137
Compressor’ p2* 4037 2440 375 6852
Gas Turhine’ P3* S [t 1) 11773
HRSG’ P4 7118 7118
I Fuel Ce 12350 12350 B546 11778 7118 1093
Stack’ P5* 787 305 1093}
Residues Ck 787 306

Figure 19. Tabla F-P of costs

Furthermore, an additional worksheet is created. It contains the cost formation graph.
The unit exergy cost of the product is decomposed in the contributions of the
irreversibilities of each components and the contribution of each residue.
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Figure 20 shows this graph in the case of the TGAS. The combustor is the first
component of the production process and its irreversibilities are charged to the cost of
all components. Meanwhile the irreversibilities of HRSG are only charged to itself.

< kv
B3 MicrosoRt Excel- TGAS = O &
@J Archiva  Edicidn  Yer Insertar Formato  Herramientas Gréfico  Veptana ¢ PDF de Adobe Escriba una pregunta Rl
DEH 9 -8 [} & € - S A
8 5~

Cost Formation (OPERATION STATE)

e h:l-
= _:I—
B Environment
| Cambustor
O Compressor
—— _:I:- chlinald
BHRSG
O Stack
W Stack
S _::I:-
comeuster F
1 1.5 2 25 3 35

Eje de walores

Cp TKWKW)

W 4 » w{ Diagnosis { Physical Structre /. Graphic Cost Formation R, Graphic Cost Formation 0 ¢ Graphic Irrevershility  / Graphic Malfunction /
Listo

Figure 20. Cost Formation Graph
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4.3 Termoeconomic Diagnosis

The objective of the thermoeconomic diagnosis is the location and quantification of the
anomalies causing the reduction of the system efficiency.

The thermoeconomic analysis of a plant is performed through the comparison of two
thermoeconomic states. The presence of anomalies in the operation or current state is
determined by the deviation on some indexes with respect to a reference state.

This methodology allows obtaining a common set of indexes for every component of
the system, whose could be used in combination with other local parameter to provide
useful information for the plant operation.

We need to load two dataset, one for reference and other for the operation state, to
execute the thermoeconomic diagnosis.

It generates three worksheets:
e A report worksheet, which contains the thermoeconomic diagnosis indexes.
e Fuel Impact graph

e Irreversibility analysis graph.

igﬂ Archivo  Edicion  ¥er Insertar Formato  Herramientas Datos  Weptana 7 POF de Adobe Escriba una pregunta o
DEHE F 9- B -4 % Mo - 2 10 - N K SIESE=ES % mME PSS EE H-B-AL
047 - &
Therm oecon omic Analysis of e
Energy Systems Softmare
THERMOECONOMIC DIAGNOSIE
t irce
Centra acién de Aecursas | FUEL IMPACT 142.725|
MF Al AP, AP, MF' G AP, G, AP,
[Combustor 1 -11.8536] 51.8802 -11.8536
[Compressor 2 19.9281 26.0087 3/3IN3
(Gas Turbine 3
HRSG 4 18.7166 18.7166 36 3965
Stack 5 41.5928 757770
267911 1011322 41 5928 BE 9430 757770
MALFUNCTION ANALYEIS
MALFUNCTION MATRIX
1 2 3 4 5
Environment [ -11.8536
(Combustor 1
[Compressor 2 10.5855
(Gas Turbine 3 18.8281
4
5
MF -11.8536 19.9251 15 7168
IRREVERSIBILITY ANALYSIS
DISFUNCTION MATRIX
1 2 3 4 5 DF MF DF. DF; Al
[Combustor 1 157960 15 O0GG 324804 -11 8536 312434 51 8602
[Compressor 2 19.9281 260087
(Gas Turbine 3
HRSG 4 18.7168 18.7168
|Stack 5
DF, 15.3832 17 G302 401569 26.7911 34.15H 1011322
hd
W 4 » M\ General Data { Table F-P Reference { Table F-P Operation / Cost Analysis Reference  {  Cost Analysis Operation ' Diagnosis { Physical Structure | €| |
Listo

Figure 21. Diagnosis worksheet

Figure 21, shows the “Diagnosis” worksheet of the TGAS system. It contains three
tables:

e Fuel Impact decomposition indexes.
e The Malfunction matrix

e The Dysfunction matrix.
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The first table, Figure 22, shows the fuel impact decomposition, based both in the

irreversibility increase and the malfunction cost.

|  FueL impacT 142.7201]
Al AP, AP, MF* cp“.a.P. cp“.a.Pr
Combustor” 1 51.8843 -11.84495
Compressor’ 2 26.0087 383113
Gas Turbine’ 3
HRSG" 4 18.7166 36.3968
Stack’ 5 41.5928 757770
101.1363 41.5928 GE.9521 787770

Figure 22. Fuel Impact Indexes
The following indexes for each component are shown:
MF:  Malfunction (kW)
Al Irreversibility variation (kKW).
APs  Total Product variation (kW).
AP, Residues variation (KW).
The sum of the last colums is equal to the fuel impact.
MF"  Malfunction cost (kW)
cp AP Final product cost variation (kW)

cp°AP; Residue cost variation (KW).

The sum of these three columns is also equal to the fuel impact.

Figure 23 shows the malfunction matrix. Each element MF(i,j) represents the additional
consumption of resources from the i-th component due to a malfunction on the j-th
component. The malfunction of a component is the sum of the variation of the resources
consumptions. For example, MF(3,2) equals to 19.92kW, represents the additional
consumption of mechanical work from turbine due to a malfunction in the compressor.

MALFUNCTION MATRIX
1 2 3 4 5

Environment [1] -11.8536
Combustor 1
Compressor 2 105555
Gas Turbine 3 19.9281
HRSG 4
Stack 5

MF -11 8536 19.9281 18.7166

Figure 23. Malfuncién Matrix

Each element DF(i,j) of the dysfunction matrix (Figure 24) represents the irreversibility
variation of the i-th component due to a malfunction of the j-th component. For example
DF(1,2) means that the combustor has a irreversibility increase of 15.79kW due to the

malfunction of the compressor.
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DISFUNCTION MATRIX
1 2 3 4 5 DF

Combustor’ 1 15.7960 150066 32.4904
Compressor 2
Gas Turbine’ 3
HRSG" 4
Stack” 5

15.3532 17 E&02 40.15649

Figure 24. Dysfunction Matrix
The irreversibility variation has four contributions, see Figure 25:

MF  Malfunction i.e. the irreversibility increase due the variation of the efficiency of
the component itself. (KW).

DF  Dysfunction, i.e. the irreversibility increase due to the malfunctions of other
component, whose changes the production requirements of the component. (kW)

DFs Irreversibility increase due to the variation of the system production (KW).
DFgr Irreversibility increase due to the variation of the residues (kW).

DF MF DF, DF; Al
Combustor' 1 32,4904 -11.84495 32434 A1.8843
Compressor” 2 19,9281 26.0087
Gas Turbine’ 3
HRSG' 4 187166 18. 716
Stack’ 5

40,1569 28,7952 34,1841 101.1363

Figure 25. Irreversibility Analysis
In addition to the diagnostic tables, two types of graphs are shown:
e The irreversibility analysis.

e The Fuel Impact analysis.

Microsoft Excel - TGAS -
IE_] Archiva  Edicidn  Wer Insertar Formato  Herramientas  Grafico  Veptana 7 PDF de Adobe Escriba una pregunta - .8 X
- 3

Irreveribility Analysis

Stack!

HRSG'

ohalfunction
B Combustor!

O Compressar

O Gas Turbine'
Gaz Turhing' :I]:|
BHRSG

O Stack!
B Production

OResidues
Compressar

[ — |

-20 -10 1] 10 20 30 40 a0 B0 70
Irreveribility Variation [kW]

4 4 » M/ Diagnosis £ Physical Structure / Graphic Cost Formation R/ Graphic Cost Formation © % Graphic Irreversibility ¢/ Graphic Malfunction  /
Listo

Figure 26. Irreversibility analysis graph
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In the irreversibility analysis graph, Figure 26, the contribution to the irreversibility
increase of each component due to its malfunction, the malfunctions of the other
components and the residues variation.

In this example, the combustor has the biggest irreversibility of the system. It is due to
the malfunctions of the compressor and HRSG, and the residues variation.

The Fuel Impact analysis graph, Figure 27, compares the irreversibility increase and the
malfunction cost of each component. In this example is shown that the cost of the
residue increase is the biggest contribution to the fuel impact, caused by the malfunction
of the compressor and HRSG.

Microsoft Excel - TGAS ef i - |

@_] Archiva  Edicidn  Yer  Insertar Formato  Herramientas  Grafico  VYeptana 7 PDF de Adobe Escriba una pregunta - o B X

- #

Fuel Impact Analysis

Resiue %

Praduction

HRSG
Olrreversibiity

B Malfunction Cost

O halfunction
Laz Turbing'

e #

-20 -10 o 10 20 30 40 =0 =) Yo a0 a0
Fuel Impact [kW]

M4 4 » M/ Diagnosis £ Physical Structure 4 Graphic Cost Formation R/ Graphic Cost Formation © 4 Graphic Ireversiiity %, Graphic Malfunction /
Lista

Figure 27. Fuel impact analysis graph
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5 Use TAESS with EES

As we have shown in section 4.2 TAESS has the capability to import data from EES. If
you want to prepare your EES model to generate files for TAESS you must be follow
the following rules:

e Use arrays to save the information to interchange with TAESS. In particular the
exergy of the flows.

e Define a string array to keep the names of the components
e Define two arrays to keep the physical structure, as is explained in section 3.2
In the case of the TGAS example, they look as:

{Physical structure definition}
Name$[2]="Environment”
DevFrom[5]=0;

DevTo[7]=0;

DevTo[8]=0;

DevTo[9]=0;

Name$[1]="Combustor*
DevFrom[2]=1;
DevTo[1]-1;
DevTo[5]=1;

Name$[2]="Compressor*
DevFrom[1]=2;
DevTo[6]=2;

Name$[3]="Gas Turbine
DevFrom[3]=3;
DevFrom[6]=3;
DevFrom[7]=3;
DevTo[2]=3;

Name$[4]="HRSG"
DevFrom[4]=4;
DevFrom[8]=4;
DevTo[3]=4;

Name$[5]="Stack"
DevFrom[9]=5;
DevTo[4]=5;

You also must include some additional variables to include the File Format
Type, the number of Flows and the number of productive and dissipative
devices:

{Interface con TAESS}
Type=3

Flows=9
ProductiveDev=4
DisipativeDev=1

Last, you must include the EES command $EXPORT to write the
information to an external file with CSV format, according the format
described in section 3.2. The name of the file could be fixed, or a string
variable that could be defined as a input variable in the diagram window.
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$export
$export
$export
$export
$export
$export
$export
$export

{File$="TGas.csv"}

File$ Type

/A
/A
/A
/A
/A
/A
/A

File$
File$
File$
File$
File$
File$
File$

Flows,ProductiveDev,DisipativeDev
Name$[1..5]

E[1..9]

DevFrom[1..9]

FromFP[1..9]

DevTo[1..9]

ToFP[1..9]

Then when you execute the EES model you get a file, call in this example

“TGas.csv” which could be import by TAESS.

In the web page of TAESS http://www.exergoecology.com/taess/taess_docs/

you can find examples of this feature.


http://www.exergoecology.com/taess/taess_docs/
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6 Error Messages

When TAESS is running, it can be generated de following errors:

The format of the file is not been worth. This error is generated when the type of
format of the file is not correct. For CSV archives the allowed type formats are: 1, 3 and
5; and the TXT are: 2, 4 and 6.

The F-P definition is not correct. This error can be due to:

0  The import archives represent Fuel and Product as 1 and 2 respectively. If the
FP definition has some flows that are represented with a different value, it will
be marked as error.

o Ifadevice has not defined at least an input and a output.

0 Ifadevices has not defined at least a fuel and a product.

The configuration is not well defined. This error will appear when the number of
devices is greater that the number of flows

There is not enough data available. This error indicates that not all the values of the
flows have been provided.

There definition of <RP> matrix is not correct. This error indicates that the sum of
distribution of residues of the dissipative devices is different to one.
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