'&‘Thermoflow We I CO me !

Webinar #4: RECIPROCATING ENGINES & HEAT RECOVERY in TFX
05 JULY 2017

Agenda:

* Introduction

* Reciprocating Engine component in TFX: Database or User Defined
* Available Heat fom Exhaust Gas and Engine Cooling

* Heat Recovery for Hot Water, Steam and Chilled Water

* Multiple Engines

* Off Design Simulation

*Q & A Session

Presenter: IGNACIO MARTIN (SPAIN)
Support: Meritt EImasri (U.S. HQ)



'€ Thermoflow

Thermoflow Training and Support

Standard Training

On-site Training course

Advanced Workshop

Webinars when new version is released

Help, Tutorials, PPT, Videos

Technical Support

—> Feature Awareness Webinars
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'€ Thermoflow

Feature Awareness Webinars

1- Assemblies in THERMOFLEX
2- SCRIPTS in Thermoflow Programs
3- Multi Point Design

4- Reciprocating Engines
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'&\ Thermoflow

Reciprocating Engine Component in TFX

- Database

- User Defined
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Thermoflow

Reciprocating Engine Database

Reciprocating Engine Selection

File

[~ Display entire reciprocating engine library
Engine Selection Filter

Smallest powerkW Largest power| 20000 |k

~Sort [V Show50Hzengines [~ Show B0 Hz engines

@ - o . . .
‘ Manufacturer Smallest to largest power ¢ Largest to smallest power Dok et s [ [Shoi lexsl Ercioes

ID Model Fuel Aspiration Mode RPM Freq. Power Texh Exh. flow Elec. Eff.
Hz kW € t/h $
345 CUM QSV81-G G TA e 1500 50 1370 517 TS 37,9
293 DEU TBG6Z0V1eK G TA P 1500 50 1358 523 T332 40,0
295 DEU TBG6Z0V1eK G TA P 1500 50 1290 531 Tpal 8,5
326 MTIU G1leV4000 G TA c 1500 50 1285 410 7,40 39,9
325 MTIU G16eV4000 G TA C 1500 50 1285 390 TS 38,9
162 CAT 3606E G TA c 1000 50 1265 465 9,43 35,9
272 WAU 95005 G TA C 1000 50 1225 579 S5,22 30,4
278 WAU 9500L G TA C 1000 50 1225 354 7,94 33,8
163 CAT 3606E G TA C 1000 50 1195 469 8,8 35,4
281 WAU 9500L G TA o~ 1000 50 1175 357 7,56 34,0
275 WAU 95005 G TA C 1000 50 1175 577 5,05 30,1
292 DEU TBG6Z0V1ZK G TA P 1500 50 1019 915 5,50 40,0
336 JEN JMS320GS-NLC G TA P 1500 50 972 215 -] 38,1 v
Data source: Jenbacher Engineering Information 2001 CD A
Date of last revision: 11/3/2001
Nox level: less than 500 mg/mn3
Applicable standards: Based on DIN-IS0 3046; Based on VDE 0530 REM with specified tolerance;Intake air temperature: 25 C; Barometric pressure: 1000 v

Coce_|

©Thermoflow Inc. 2017 — Webinar: Reciprocating Engines & Heat Recovery in THERMOFLEX, July 5, 2017 by IGNACIO MARTIN



Thermoflow

Reciprocating Engine User Defined

o
1]

ffled Input Menu - Edit Mod O %
File GTP/GTM/STM

Site Menu T Components T Mizcellaneous ant Assembly Economics Fegional Costs oK Cancel

Reciprocating Engine Set[1]

Main ] Engine Parameters ] User-defined Engine
G"”s'l-"t Specification Genset Fuel Consumption Comments
Engine ID 0 } Data source
Manufacturer |TF | Rating LHY |32.35 |MJ"’ scm j |TF |
Model number |Example for | 7 Estimate part load data Last date revised

Engine RPM 100 % Load [3523 [kwf (LHY] | [5/07/2017 |
Full load electrical power kw 75% Load K [LHY) Other comment

Full load generator eff 50% Load [20988 |kw (LHV) Example for FAWA
Full load exhaust temp. [c LI &% Load K/ (LHV)
Full load exhaust flow [kg /s LI
=

&

o

Genset LHY Efficiency Enaine LHY Efficiency
Primary heat recovery rate [756.1 [kW

100% Load [4258 | 100% Load (4445 |
2nd heat recovery rate EI ki
3rd heat recovery rate D kw 75% Load |40.02 % 75% Load [41.95 %

4th heat recovery rate Dk‘w‘ 50% Load % 0% Load 13793 |%
Estimated other heat loss  |4.429 % 0 fuel input [LHY) LI

Min. allowed part load % 25% Load |27.05 % 25% Load %

Load User-defined Engine. .. |

Overall Size & Weight Fuel Type NOx Level

Overall length 7.3 m - # Gas " Diesel " Unknown " < 250 mg/Nm3 ) .
L“ :I @ <500mg/Nm3 > 500 mag/Nm3 Save User-defined Engine... |
Dverall width m Frequency -
‘ @ 50Hz O GO0H Agspiration
Overall height m Z Z " Turbocharged
Dverall weioht  [15900  |[kn -l Rating ¢ Turbocharged/Aftercooled
[ Notes = |
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Thermoflow

[fled Input Menu - Edit Mode

Reciprocating Engine User Defined - 2

Cancel

File GTP/GTM/STM
[ Site Menu T Components I Miscellaneous ]
IReciprocating Engine Set[1] _vJ
Main ] Engine Parameters T User-defined Engine

Primary Cooling
Coolant Computation Method
(" Compute outlet state
(& Specify outlet state & compute C\W flow
(" Specify CW temperature rise & compute CW flow

Coolant Outlet Phase
(¢ Subcooled liquid
(" Saturated (2-phase)
(" Superheated vapor

Cooling water temperature rise 10 C
Cooling water outlet temperature 90 C
Cooling water outlet quality 0

Cooling water path dP/P 10 %

No Heat Adder connected

Exhaust Temperature Generator Efficiency

100 % Load C 100 % Load %
75% Load C 75% Load %
50% Load C 50% Load %
25% Load C 25% Load %

Coolant Computation Method Coolant Outlet Phase

' & ]
£ &
& &
Cooling water temperature rise 10
Cooling water outlet temperature 30 (

ter outlet quality 0

Cooling water path dP/P 10

No Heat Adder connected

Genset LHV Efficiency Engine LHV Efficiency
100 % Load % 100 % Load
75% Load % 75% Load
50% Load % 50% Load
25% Load 264 % 25% Load

I Notes «|~|
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-&\ Thermoflow

Reciprocating Engine Heat Balance Envelope

Mon-recoverable heat loss Exhaust enangy

[ it e - e e

Fuel

i Generator loss
Qa2

Ql a4

Elecinc power output

M

a1

Q1: Heat transfer from the cooling water jackets (primary cooling)

Q2: Heat transfer from a high temperature charge air cooler (secondary cooling)
Q3: Heat transfer from a low temperature charge air cooler

Q4: Heat transfer from the lube oil cooler

©Thermoflow Inc. 2017 — Webinar: Reciprocating Engines & Heat Recovery in THERMOFLEX, July 5, 2017 by IGNACIO MARTIN



'&1 Thermoflow

Reciprocating Engine Inputs

NOMINAL OFF DESIGN
Data Base User Def. Data Base User Def.

Power
Efficiency Table
Exhaust mf
Exhaust T Table Table
Generator Eff Table Table
Heat Recovery-4 _
CWT, DT

Fuel Consumption

Air mf

Inputs

Defined / Computed
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f' mermoriow Heat Balance: Available Heat Recovery

UOTHERMOFLEX Version 26.1 Revision: March 7, 2017 Unregistered User Ignacio Martin Gonzalez

(Gas cooled to 150 2C)

5, g
7 8574]-10,13

[2]

7564kW | & |3

1,471[75
43,24[314,1 \_@‘] |

Reciprocating Engine Set [1] -711 0 2 kW
1464 kW
[8]
1,0345110 7 1,01?,150 8

Exhaust Gas

2 1,5/90
4324|377
1,5[90

43,24[377 L4/

1305 06-30-2017 13:44:34 file= C:\Users\imart\Documents\Thermoflow 26\IMG\a_Libreria\Recip+General Heat.tfx
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8,828[424,3 Q+ 8,828[134,3

bar |C
th [kdlkg

4

Sheet 1
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-&\ Thermoflow

Available Heat Recovery, Hot Water & Steam

\‘ . (Gas cooled to 150 2C)
6 F‘ I; @ 8
- 8,574]-10,12 1 88284243 3 8828|1343
. SAVATAVE

1,471]B0 .
9 -_3-@5.:- Z1,85(251,3 @
L TN L] FERRE ﬁ_\ ]

§%2 748.7 kW —

(Hot Water @ 85C) 3523 kW (Steam @ 10 bar-200C)

... Simple
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Thermoflow

Exhaust Heat Recovery - Combined Cycle

Gross power

Net power

Net electric efficiency(LHV)
Number of Engines in operation

19891 kW
19630 kW
49,18 %

1

Reciprocating Engine Set [1]

18321 kW

1‘028F375,6 1‘02%75,6

21

17,42]205,5
8,226(2795,2

17,37(280
8,226 (2985,8

i

-—
4 1,013]20 1,013|20
109,5]5,077] 13 109,5]-5,077
/1
(1]

Pump (PCE) [3]
1,639 kW

... Detailed

112,3[383,1 LZJ 112,3[383,1
x1

39915 kW

i

26

17,42]205,5

0,1482[2795,2

Pump (PCE) [22]
9,984 kW

17,42]200,5

1,022|351,7
112,3|356,1

8,458(854,7

1,015|191,6

0,0892]43,6
8,149|2399,7

—
2,372|42,23 2,372|42,2
8.31‘177 8‘31‘177

Pump (PCE) [23]
1,482 kW
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Thermoflow

Cooling Water Circuit: 4 Heating Sources

Input Menu - Edit Mode
File GTP/GTM/STM

[ Site Menu I Components I Miscellaneous ] 0l
|Reciprncating Engine Set[1] Ll
Main ] Engine Parameters ] User-defined Engine
4 ens-et e Genset Fuel Consumption Comments

Engine ID ‘C] ) 99 Data source

Manutacturer Im I Rating LHV |._/|kWh.n'Nm3 ﬂ IJenhacher Engineering Information 2001 CD l

Model number |JMSE'| 2GS-NLC | ™ Estimate part load data Last date revised

Engine RPM 1800 100 % Load (3374 [[kow (LHV) | |11/9/20EI1 |

Full load electical power |1413 (3 75% Load [2585 kW (LHY] Other comment

Full load generator eff. 9579 |% 50 % Load (1795 kW (LHV) Applicable standards: Based on DIN-ISO 304E; Based
onVDE 0530 REM with specified toleranceIntake air

Full load exhaust temp. IC ﬂ 25% Load kW [LHV) temperature: 25 C; Barometric pressure: 1000 mbar;

Full load exhaust flow 7500 Ikga’h L] Relative humidity: 30%; Gas flow pressure 80 - 200 mbar

Genset LHV Efficiency Engine LHV Efficiency

rimary heat recovery rate (337

2nd heat recovery rate ks

3rd heat recovery rate K

4th heat recovery rate K

=l 100%Load 088 |x 100 % Load [43.72 |
75% Load [ | 75% Load [1238 |
50% Load 3936 |x% 50

o

e

Load 41,78 |%

E stimat % [ fuel input [LHY)
% 2944 % % 3268 |x%
Min. allowed part load % &% Load - &% Load - : .
Load User-defined Engine... |
Overall Size & Weight Fuel Type NOx Level
Overall length 8699 |[m v = Ga: (" Diesal " Unknown " < 250 ma/Nm3 _ _
_ I—” _I * ¢500mg/Nm3 ¢ > 500 mg/Nm3 Save User-defined Engine... |
Overall width m Frequency
Aspiration
, " B0Hz & GOH P
Overall height m & & {* Tubochesged
Overall weight  |17300 Ikg ﬂ Rating ¢ Turbocharged/Aftercocled

@ Prime ¢ Continuous " Naturally aspirated
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Thermoflow

Cooling Water Circuit: 4 Heating Sources

Input Menu - Edit Mode
File GTP/GTM/STM

Site Menu

Components Miscellaneous

Reciprocating Engine Set

Airin

Coalantin _’—

(] mm 2ArY Coolin

IReciprocating Engine Set[1]

Exhaust

Primary Cooling
Coolant Computation Method

" Compute outlet state

¢ Specify outlet state & compute CW flow

Specify O temperature rise & compute Cw/ flo

Secondary Cooling
e Coolant Computation Method

" Compute outlet state

& Specify outlet state & compute Cv/ flow

Fuel in

‘J < Cooling water temperature rise 10 C Cooling water temperature rise
Coolant out o D = 2ary cootout Cooling water outlet temperature 90 C Cooling water outlet temperature
Cooling water outlet quality 0 Cooling water outlet quality
Cooling water path dP/P 10 75 Cooling water path dP/P
Third Cooling Connection Fourth Cooling Connection
15
1 QO+ (p <= Choose Heat Adder Heat Adder [ Choose Heat Adder Heat Adder [3]
Exhaust Temperatues= Generator Efficiency Genset LHY Efficiency
2 - - - - -
plos |y « W0%load [403  |C 100%Lload (9579 |% 100%Lload [41.88 |%
75% Load C 75% load [%538 |% 75% Load %
50% Load C 50% Load % 50% Load [39.36 |x%
25% Load 410 [ 25% Load 90,03 4 25% Load 29,44 %
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" Specify Cw temperature rise & compute C/ [l

User-defi

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

olant Outlet Phase
ubcooled liquid
Saturated [2-phase]
" Superheated vapor

10 C
445 C
0
10 %

Engine LHY Efficiency

100 *% Load
75% Load
50 %

5%

Load
Load 3268  |%

14



'&‘ Thermoflow

Cooling Water Circuit

342 kw 177 kW 337,2 kW 669,8 KW
65,51(377
1,1[70 1,624(70,01 + 1,592|74,49 + 1,561|76,81 1,53|81,23 1,5(89,99
65,51[293,1 65,51[293,2 Q 65,51|311,9 Q 65,51[321,7 | 5 | 65,51[340,2 ] 8 | 65,51(377
Link _HA Link _HA A I_,\/Q/\,_l
INTERCOOLER-1 LUBE OIL
] ™ [Ye™
1,2[80 1,224[90 1,013[120 | |
2B.91335ENGINE JACKET?9[377 73|1025EXHAUST GAS
9
4 2 6
. 1,034@
7,5|426,2
Gross power 1413 kW Resiprocating Engine Set {1
Gross electric efficiency(LHV) 41,88 % @ 1413 kW
. . 6
CHP efficiency 86,67 % I >0

e

(2 28,9[377

Q-
INTERCOOLER-2

-93,1 kW

17,82|167,6

10

3374 kW
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Net process heat output

1527,2 kW
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'€ Thermoflow

Cooling Water Circuit (detailed)

WRT 18V50SG

Cylinder Jacket Cooling
m D00 000D 0o -
4

T 15

m
P Design inlet T: 85 C
2
g m

—-o

24

o]

Sample 53-21 HP Charge Air Cooling

14

Q+
T = 12 22 v

Lube Oil Circuit
Range 62C-75C

Lube Oil HX l%

I |

20
LP Charge Air Cooling ..

10
Design inlet T: 44.5 C
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Design target temperature: 80 C

Design cooled T: 43 C

3 +o

-

i

i

>:L<
%
N 6

1
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-&‘ Thermoflow

Heat Recovery, Chillers

o 1013[15

HX + Water/Steam Chiller

V?Iﬂ

=N\ AN

2Ly B‘;’ "I

Recgrocsing Engne Set [1)
1464 kKW \

1,471)75

~ 8574[10

4324|3141

-756,4 kW &

g
1,5(90

13

90

3304

4324377

<

377

).

A
5
St
3523 kW
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N

Steam ) (‘Coolant_

(" chilled

OO
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'&‘ Thermoflow

Heat Recovery with Water / Steam Absorption Chillers

Current COP 1,1
8490 kW

J 7]300 1,311[35,04 2
[23] o 5,26]3060 641,8[146,9
1,034395 13
14 49,7[405,5 5
I )1,013 15 = P 3 team Coolant \

Total current load 3535 kW
\—'Reciprocatng Engine Set [1]

4836[1083)
_\_LAZQJ iies | | (chiled L
° 5,26697,1
1T 2
15 1555 & 1,013[167,8
> 187[314.1 49,7(153 20
FIh [ — 1,311]7,008
] L 429|29,55 >.

44 ;
1,364/90 [ é —__2{2502 2|15,02
NG 187[377 17 641,8/105 429(63,17
A < I
21 19
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Thermoflow

.

File GTP/GTM/STM

[

Site Menu ] Components I Miscellaneous T Fix Pressure

Plant Assembly

Economics

Water / Steam Absorption Chillers

Regional Costs 0K Lancel

[Ahsnrplmn Chiller (PCE) [13]

Chiller Type
" Single-stage using hot water

Nameplate COP

" Single-stage using low pressure steam Nameplate COP

@ Two-stage using medium pressuie stesm  Nameplate COP

Lhiller Load | Chiller load set by network-determined heating flow j

Chiller load ton
Auiliary load / chiller load 0.005
[ Juspsm

Price of chilled output {as Process)

LiCalug Sicai vl

hot water

j |TI|E:rrru:|dj¢‘na|m|::De:algrl

Cooling Water
[v Chiller dictates cooling water flow

Cooling ‘water Flow Priority
" Stong & \Weak

Cw' temperature rise [range] 10 C
06895 |bar

Cw' pressure drop

Chiller Performance Comections

* Automatic " User-defined |

—— | 1st Generator I

/Oc

< -

Steam condensate subcooling
e

o O
o
o,2nd Generator Condenser

> P = -

- AN
Chilled water exit temperature
c

) Chilled water
< Chilled water pressure diop

Standard conditions:

1) 44 F (6.67 C) chilled water exit temperature

2) 85 F (29.4 C) cooling water supply temperature

3) Steam source pressure of 20 psia (1.4 bar) for single-stage
units, and 130 psia (9 bar) for two-stage units

Absorber

«<—— Cooling water

-

| Notes <

©Thermoflow Inc. 2017 — Webinar: Reciprocating Engines & Heat Recovery in THERMOFLEX, July 5, 2017 by IGNACIO MARTIN
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-&\ Thermoflow

Heat Recovery, Exhaust Gas driven Absorption Chillers

bar| C
th| kd/kg
COP 1.4
Cooling Load 987.2 KW
1500 KW Q@
{ J 8
I 6 . 1,;31315 1,023]410 1.[11:@59 3_.
T 8574]-10,13 1 8,828]4243 8,828[1343 w
L J Coolant(? ?) Chilled
2
1.4?%5 J:\:J E S~
4324[3141 I_Q_ [11]
—— 1,703]25,02
= ] ] 146.2|105 101@%:04 10]
1,517,008
-756,4 KW O 146211468 & 105,7 2957
3
2 1,590 2,189115,02
1|0 |~_._-»43_24 377 5 105,7[63,19
4324377 4 A A
L_, 9 12 10 11
- e - e
Chilled Water
105,7 t/h
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Thermoflow

Exhaust Gas-driven Absortion Chillers

fe

File GTP/GTM/STM

[ Site Menu I Components I Miscellaneous

Regional Costs OK Cancel

IAbsorpt\on Chiller, Exhaust-Driven (PCE) [7]

j |Therrru:u:ijv-'namu: Design

-
Exhaust Flue Gas Chiller Design Parameters Cooling ‘water
" Single-stage  Nameplate COP Gas exit temp. [ Chiller dictates cooling water flow
. - 1.4
(¢ Two-stage Nameplate COP Gas exit temp. Coolina Watet Flow Prioit
Chiller Load |In\et flue gas energy dictates chiller load j ™ Strong ® Weak
10
Chiller load 1000 ton Cw temperature nise [1ange] C
0.6895
Ausiliary load / Chiller load 0,005 Lt pressi=top [68%_Jbar
Piice of chilled output (as Process) EI EURD/GJ Chiller Performance Comections
+ Automatic " User-defined |
Standard Conditions:
1) 44 F (6.67 C) chilled water exit temperature
2) B5 F (29.4 C) coolant supply temperature
3) 347 F (175 C) flue gas exhaust temperature
Cooling water
Primary generator draft loss
9963 | milibar
Chilled water exit temperature =%
7 C .
Chilled water Cooling water
Chilled water pressure diop
06855 |bar -
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Thermoflow

Recip Engine Trigeneration

bar |C
ﬁgTHERMOFLEX Version 26.1 Revision: June 29, 2017 Unregistered User Ignacio Martin Gonzalez t/h[kd/kg

Net power 3163 kW
CHP Eff 84,4%

6 1,013[170
4 4>. Exhaust Gas 23341555

Chiller

‘B I
2|7,008
481|29,62
X COP 8
1.4 @ —Chilled Water
7 J

oL I B
-I

. 1034]446,1
1,013[15 K Engineggoz3(a62.3
22,72|-10,13 a

o]
i AAs

Steam Generator
10 ‘

# Natural Gas

1305 07-05-2017 15:21:02 file= C:\Users\imart\Documents\Thermoflow 26\IMG\a_FAW\4_FAW_Recip\Recip+Trigeneration.tfx Sheet 1
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1)0""*"“°f'°"" Multiple Engines

Q
... if different Engine models
or running at different loads
CoP 14
Cooling Load 2440, 7 kW
Chilled Water
EH ] 2613 t/h

©Thermoflow Inc. 2017 — Webinar: Reciprocating Engines & Heat Recovery in THERMOFLEX, July 5, 2017 by IGNACIO MARTIN 23



-&\ Thermoflow

.. Or

Use “Fluid Specification components”
as Flow multipliers / dividers

Recigrocsing Engine S [1]

I 6 10135 [ 1.013[3

»572110.13 14 [ 8574[10.13
13

-2269 kW

1,5
1297

Multiple Engines

COP
Cooling Load

1.4

2961,6 kW

OO

g ol
3
2 E‘J‘] 1,5]90
+ 5730 F:JI 4324[377
129,7[377

Define “Energy Accounting” for
Power / Heat multipliers / dividers

8 13
1.023%10 % 1,023[a10 1_013150 8,_.
8.828|424,3 | 26,48(4243 P 2648|1343 7
x3
Conlam( E g )Cnilled
20,68]2 Y
[11]
1,703]25,02
38t 12
s 4385[105 1,014E95,04 1,51E;’|,008
15 43851468 . 3712957
- 218915,
A 3171|863,
S A A
9 12 10 11
A Y
10569 kW . 6 e 6
Chilled Water
3171 t/h
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-00 Thermoflow

Recip Engines “modeless”
Just enter the “desired power”
to simulate part load

OD calculations from the Tables

Rest of the parameters computed

fé]

File GTP/GTM/STM

Recip Engines Off-Design Simulation

Site Menu T Components T Miscellaneous Plant Assembly E conomics Fegional Costs

Reciprocating Engine Set[1]

“User define” your part load case to match the Engine specs

©Thermoflow Inc. 2017 — Webinar: Reciprocating Engines & Heat Recovery in THERMOFLEX, July 5, 2017 by IGNACIO MARTIN

B

Main ] Engine Parameters ] User-defined Engine
Component Status
Reselect Engine * Warking
| —
Power rating 1500 (37
" Desired power (800 | wf
— —pl_
TF Example forlJ ser-defined engine)
Fuel type: Gas
H Turbocharged/Aftercooled
L1 Operation Mode: Prime
i 1500 RPM
Fullload exhaust flow: 8,828 [t/h)
Ql Full load exhaust temperature: 410 [C)
Fuel consumption (& 100% load: 13843 (scfh)
Fuel consumption @ 75% load: 11046 [scfh)
Fuel consumption & 50% load: 8247 [scfh)
\ Fuel consumption @ 25% load: 5448 [scth)
Heat recovery rates: 1 = 756,1 kw'
a9 _n
Exhaust Temperature Generator Efficiency Genset Fuel Consumption
Rating LHY (32,35 |[MJ/scm -
100 % Load 410 [ 100 % Load 95,8 % 3
v Estimate part load data
75% Load 410 C 75% Load 954 % 100% Load (4258 |[Efficiencyl’a) (LHV)
50% Load 410 = 50% Load 94 71 5 75% Load [40.02  |Efficiency(%] (LHV)
50% Load [35.74  |Efficiency(%] (LHV)
5% Load |40 c 5% load 3012 |% 2% Load [27.05 | Efiiencyl) (LHV]

oK LCancel

" Out-of-service
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