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Industrial Facility Energy Optimization
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Outline:

Conventional Power/Steam Generation Technologies

Power/Steam Generation De-carbonization -Preliminary Road-map

Existing Industrial facilities: “Operational Optimization”
- Online CHP Optimization Solution - Single site
- Online Optimization Solution - (Multiple sites Economic Dispatch)

New Projects: “New Design Optimization”
- CHP Model for Optimum design

Summary and Conclusion
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Conventional Power/Steam
Generation Technologies
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Common Conventional Power/Steam Generation:

- Simple Cycle (SCGT): Power generation
technology using fuel to produce electric
power while exhaust heat is lost.

- Combined Cycle (CCGT): Power generation
technology using fuel to produce electric
power from two sides: Gas turbine side and
Steam turbine side.

- Cogeneration (CoGEN): A technology that
uses fuel to simultaneously produce two
products (i.e. electric power and steam for
process heating). Called Combined Heat &
Power Technology (CHP).
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Power Demand Profile and Generation Mix:

Peak Duration
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Power Gen.: Simple Cycle- (SCGT)

GAS TURBINE

AIR

HEAT IN GT EXHAUST IS WASTED

EXHAUST
TO ATMOS

GAS

PROCESS

TYPICAL EFF = 32 %

ation (GW)

Gener:

Peak Duration

Peak Load Units {
(1% of Peak) |

dddddd

Cycling Units Steam PP
143% of Peak)

Steam
Base Load Units CCGT, CoGEN
(REACULELY & Renewable

Month

Positives:
* Quick response
» Used during peak

Negatives:
* Low efficiency
« High CO2 emissions

Recommendations:
Should be minimized &
Converted to CC
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Power Gen.: Combined Cycle (CCGT)

Peak Duration

Peak Load Units {

dddddd

HEAT IN GT EXHAUST IS USED FOR g e
MAXIMIZE POWER RECOVERY o s
Steam T e
Positives:

* Used for base-load
» High efficiency PP

GAS TURBINE
e Low CO2 emissions

Negatives:

* Low efficiency at

» Partial load

« Latent heat not
captured

CONDENSER
TYPICAL EFF = 55%

AIR GAS

Recommendations:
Should be maximized
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Power Gen.: Steam Cycle- SCPP

Peak Duration

Peak Load Units {
(1% of Peak) |

dddddd

Cycling Units Steam PP
(43% of Peak)

ation (GW)

Gener:

Steam
Base Load Units CCGT, CoGEN
(R ity & Renewable

FUEL BOILERS R

Month

Positives:

« Used as cycling

STEAM TURBINE PN * Goodresponse
/ \

1 Power (KW)\ Negatives:

4 — — — —Il—! PROCESS « Low efficiency

S ’ * High CO2 emissions

* Latent heat not

captured

A 4

CONDENSER .
Recommendations:
o Should be minimized &
LATENT HEAT OF STEAM IS WASTED ‘ TYPICAL EFF = 38% \ Replaced with CC
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Industrial: GT CoGEN (CHP)

HEAT IN GT EXHAUST IS USED IN PROCESS

EXHAUST I

TO ATMOS ;7 = \\
/
I Steam (Heating)"
' /
\

N o _ - /
GAS TURBINE =

PROCESS

ation (GW)

Gener:

Peak Duration

Peak Load Units {
(1% of Peak) |
r

dddddd

Cycling Units Steam PP
143% of Peak)

Steam
Base Load Units CCGT, CoGEN
(REACULELY & Renewable

AR GAS | TYPICAL EFF = 80%

Month

Positives:

* Used as base-load

» Forindustrial complex
» High efficiency

* Low CO2 emissions

» Latent heat captured

Negatives:
* Low efficiency at
» Partial load

Recommendations:
Should be maximized
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Industrial: Boiler COGEN (CHP)

LATENT HEAT OF STEAM IS USED IN THE PROCESS

FUEL

BOILERS

STEAM TURBINE PRI

\

L —————— >
\ /
\\_’/
/’_—_-“\\
{ Steam (Heating),
S o -~

= o=y o 5

TYPICAL EFF = 70%

PROCESS

Peak Duration

Peak Load Units {
(1% of Peak) |

dddddd

Cycling Units Steam PP

(43% of Peak)

ation (GW)

Gener:

Steam
CCGT, CoGEN
& Renewable

Base Load Units
(46% of Peak)

Month

Positives:

» Used as Base load

* Industrial application
* Good efficiency

» Latent Heat captured

Negatives:

» Slow response

* Low power generation
level

Recommendations:
Should be maximized
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Industrial Complex Power & Steam Generation

10.8 Egthr Iet operating cost per haur Bezzr | 700 OC MMEr 90091 m 5Ts LM HGP Total Feed
0 Halthwh  Marginal Electricity Cost —— | Energy Intensity 9091  Btu'Bbl EEEE Case Bailes LM 600 MEDoe
Summary ) S | Balance Error Indez
T Megative How 0K
1374 klbth — 0 Kbk, Cogenl 247 Kbtk a7 kel 247 Qbfh 247 Klbth Eal. oK
2T1F 0w N, Kibeh, Cogenz rinFies. DK
ars pei 27 F I a7 F .M 23 F. 23 M
242ftuil EFFE EFFs EFFs 3| EFFE Balance Error | Loc.
\i ED 293 MMEtuh 295508 MMBtuth 284 MMENM 285 MMEtuh 0 | Kbtk |BFW
/ 0 kibth 2 BD 2¢ BD 2¢ BD 2 BD 0| Kibth |HP
FAME uth Vi \ 0| Kibth [MP
] 242 klbth 242 klbth 242 klbth \ 242 klbth 0 | Kk [LP
| & 967 In 0 kbh  EBalance
I 0% B0 [k \ 967 Dut D Kbth =10
0 kibth 0 klbth [zt B25 pi
0 parEruth 531klbh 720 F
\ ’w ' 12617 Btudlb
\ ¥ ] I \ 124 klbth 159 BtuilbF
1 ’
| ( 0 M
- I—‘
GaS Turblne [zafuem |
224 Klbth 2 BD - Eutle
Based CHP — 1235 B | BOIIer
[ I |
; Py WP Ba Sed C H P | 822 In
F 822 e
0| Klbth 1 375 psi
7 [|[KIbdh 450 F
| Klbth I 553 [kibih 1235 Eturlb
o M \ [} 152 ErullbF
—A 402 |kIbth - '
offis 86 \ B W
0 klbth \ eftizn s 405 |F
cond. fisn 1094 Btudlb 1034” Etyilb 1235 |Btuflb
292 Klbth act, s Butls | 115 Edlilb
4 klbth 3__klbth
}' 23 F I
15 psia 1354 In
1151 Etflb | 64.62 kibth 0 kibth o\p 200 |Klbﬂh / 1.25] klbth 1354 Out
g \ —— / EO 1 E5 pai
check| point 2634 Bf 30 F
an0 Btu!l\ Make-up 128 Brullb
122 Klbth 265 klbth 1565 BtuflbF

a0 F

270 F 230 F BF' condensate T
psia psia
239 Btuflb 1354 Bruflb Typical value from expert:
1AM Pump power mak e-un_nuAankiin 1- 15 tondfd’ dan

14 dagowll gdolji
saudi aramco
Saudi Aramco: Public



Power/Steam Generation Decarbonization-
Preliminary Roadmap
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Proposed Power/Steam Generation De-carbonization Roadmap

: Load Management Optimization
Operational

imization
Optimizatio Economic Dispatch Model Deployment

Cogeneration

Steam Turbine Generators

EE Projects

Industrial Renewable (i.e. Turbo-expander, ORC)

Renewable Energy Certificates (RECs)

Decarbonization
Alternatives Low carbon fuels (H2, NH3)

New Pwr Gen. Cycle Technology & CCUS

&agouwll gsolji
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Proposed Power/Steam Generation De-carbonization Roadmap
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Industrial Complex Power & Steam Generation Optimization
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Existing Facilities:
“Operational Optimization”

— Online CHP Optimization Solution at Single Industrial Site
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Online CHP Optimization Solution

° BOilerS ’ ME-:E';F":{;?—W ;:.NP ,:E:Wj ;:-:T':--’— W‘:':'*' r;:\m-o’ T D end jowe
) . iy e sy 2x T dAte e oo AR -

* Cogeneration Units [ s memee— Ty -
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*  Process Steam Generators — e : — o e % |
« Steam Turbines :- £ |- | (Bl . = e T
*  Motors Switchable to STs ’ eats QO R L LR R | - e o
« Steam users :
 Power users

 Steam System Network
 Letdowns/De-super-heater
* Fin-Fan Condensers
 Deaerator

» Condensate system
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Online CHP Optimization Solution

PI- Data Validation & Filtration Mechanism CHP Optimization Engine & Schematic

Reconciliation

«Equipment, ON/OFF
*Min and Max
Limitation

Data filtration Data validation

Dashboard & Recommendations

COMBINED HEAT & POWER OPTIMIZATION o ere o

“ PTY . 1 . I Cogens’ Load Swilchabaty Summary
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CHP Improvment KPis

OC Potential Saving El KPI Improvment
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Online CHP Optimization Solution

Pl- Data Validation & Filtration Mechanism

Thia eve

Use extracted
virlue from PI
(class A)
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Online CHP Optimization Solution

e CHP Optimization Engine & Schematic

* Includes library of equipment with thermodynamic representation of equipment and
systems

* Includes Optimization Engine to achieve:

/\ Model Configuration Interface
ve Optimum loading of cogen fleet : o

Shedgum gas plant | Execution

Shedgum gas plant | Overview

Optimum loading of boilers & steam turbines ;

CHP Optimization Software

Optimzation resuts
Sheagum Gas Plant

Drive down operating cost
==

\L/  Improve on Energy Intensity & CO2 emission.
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Online CHP Optimization Solution

Pl Vision Dashboard & Recommendations

COMBINED HEAT & POWER OPTIMIZATION

Cogens' Load — Switchability Summary

8/29/2021 8:16:27 PM

' Actual Optimized | J Equipment Type Actual Optimized
Cogen Total Fuel 4,983 4,983 SRU-1 Air KT-101A ® on OFF

Cogen Total Power 444 MW 444 MW Blower KT-101B OFF ® ON
KT-101C ® ON ® ON
lCOgen Total Steam 1,916 kib/h 1’916 kib/h | @-1010 ® ON ® ON

SRU-2 Air KT-201A ® ON OFF

Boilers' Load Blower KT-2018 ® ON ® ON
KT-201C ® ON ® ON
Y per | KM-201D ® ON ® ON
Actual Load Optimized Load TR T — —
Boiler 1 243 180 Blower KT-301B ® ON ® ON
) KT-301C ® ON ® ON
KM-301D ® ON ® ON

Boiler 3

SRU-4 Air KT-401A OFF ® ON
Boiler 4 KT-401B ® ON ® ON
) EwEr KT-401C ® ON @ ON
Boilerd KM-401D e ON OFF
Boiler 6 SRU-5 Air gg:g : g: : 82
: Blower
(Boiler 7 KM-501C OFF ® ON

SIS EESEIE EE-EE E-SE-SETI e EJES BT

CHP Improvment KPls

OC Potential Saving System Efficiency Improvment El KPI Improvment

9
8.5

8
7.5
7

1 1 1 1 1 I 1 1 1 | | | 1 { 6.5 , 1 1 1 1 L 1 i

9/5/2021 11:01:58 PM  8h  9/6/2021 7:01:58 AM 9/5/2021 11:01:58 PM 8h  9/6/2021 7:01:58 AM 9/5/2021 11:01:58 PM 8h  9/6/2021 7:01:58 AM
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Online Optimization Solution -

(Multiple sites Economic Dispatch)

Corporate

Optimum
Utility
Operation




Multiple Industrial Sites- Cogen Economic Dispatch

Optimization Objective:

Aims to adjust Generation loading in a way
the total operating cost is minimized while
meeting required power and steam
demand.

1. Optimize operation for each site

2. Reduce operating cost and CO2
emissions

3. Generate global optimization for the
company and organization

4. Ensure meeting all constraints in the
network, site level, multiple sites and |

Cogeneration Fleets Optimum Load Management

27 dagouwll gdoli

corporate levels, such as:
- Power & Steam reserve
- Min and Max operational limits

- Equipment availability (must run or
must off)
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Power/Steam Generation Economic Dispatch

Peak Duration

Optimization Formulation: —— pres
. . . . . of Pea
* Objective function: Min Operating Cost g ' 4
 Variables: ON/OFF of units and loading of g S T Steam PP
running units :
. 0 U
» Constraints: Power Demand, Units e
Min/Max of units, fuel availability and | BT e
reserve !
Month
Power Generation Technology § ¢80
4,500 WSS/ KW B Max. MW e—Eff.% 70% z
4,000 oo % Gas peakers
3,500 0 o $60
3,000 Uk 5
2,500 40% E $40 Gas combined-cycle
2,000 30% §
1,500 0 %
1,000 o T $20 CoGEN
500 10% g Renewable/
0% =
g 0 T T T T T T T 1
© 0O 2 4 6 8 10 12 14 16 18
Load in GW
2 &agouwll géoli
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New Projects: “Design Optimization”
- CHP Model for Optimum design




CHP Model for Optimum design

Optimize Number
of Headers

Optimize Steam &
Power Systems Design

Steam-power system

| Basic Process &
Utilities Design

sifafr  wtenti Bl
L |

II""II" "

Process Heat
Integration &
Optimization

Identify Supply side

options
(Configurations),
demand constraints
and variables

30
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CHP Model for Optimum design

Example: Optimum Design of Steam and Power Systems

Facility Energy Demand Value Unit
Power Demand 200 MW
Steam Demand 1200 Kib/h

Steam Reserve Available >= One Unit

Overall System Eff% >= 70%

Utility Design Configuration:

1. Boilers and Steam Turbines

P o L vy P 5
e s maoasp. wEE
D - e S
> —

2. Cogen and Steam Turbines

p—r—

3. Cogen and Boilers and Steam Turbines

= Utilities Operation

31
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CHP Model for Optimum design

CHP System Thermal Efficiency- “Boiler Configuration”

Met Pwr VY 91
Fuel (MMBtwh)| 1722
ek Input ‘ SEC Fuel |{(MMBtuwh)| 691
Steam Demand LP 1200 | Kib/h Systm Eff% | 64%
Required Pwr MW 200 MW Cogen % | Boilers
1296 kib/h - . T === = \ Scenario 0% 100%
ol BIU.
Okibh  Option-1 | I 1296 kilp/h I
° Option-2 | BD% 2% N !
No Cogen; AN o :
Fuel 1722 MMBtwh 1270 Kb/
Required Power | fel TR |
o 1270 khh
Is Imported ——— Svilirbet
. ) 1270 Kfo/h N P(psia) T(F)
from Grid sy 100 1000
\ — I H (Btu/lb] (Btu/lb F)
Il [ 1500 2
0 kib/h |
: 120 Kib/h I
| | In 1270 kib/h
I 7 Out 1270 kib/h
P(psia) T(F)
1296 kib/h [ 0fkibrh 0 |bm I 75 450
1150 34 Btulb 70|kib/h °q p 074 |psia [ H (Btu/b, (Btu/lb F)
8 klb/h : | - X B86% : 1257 2
1200 Kbgy H 983 [Btulb /
i \ BN . BN BN BN B | e - /
1233 Kib/h
230 Btu/lb
Make-up 33 kib/h
2 &agoull g4olji
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CHP Model for Optimum design

CHP System Thermal Efficiency- “Cogen Configuration”

Met Pwr MWW 684
. Fuel (MMBtu/h)| 4713
Input SEC Fuel |(MMBtu/h)| -3061
Steam Demand LP 1200 Klb/h Systm Cff 9, 76%
Reqguired Pwr MWW 200 ALY Cogen % | Boilers
LT nario 100% 0%
----- No Boilers;
Steam Reserve
covered by CSTG
Pwr 505 MW L m mm emm m e e e o o ~ out Tary
Fuel 4713 MMBtu/h 1870 Kfpih P(psia) T(F)
No. units 4 179 MQ‘ 1200 1000
unit size r—@ H (Btu/lb; (Btu/lb F)
I 1500 2
- QKb
| 13p0 kibh l
|
In 1300 kib/h
Oout 1300 kibh
P(psia) T(F)
1907 Kib/h olkib/n 570 |kibh 75 450
1150 34 Btu/b 100{kib/h p 074 |psia H (Btu/lb! (Btu/lb F)
8 kib/h 1257 2
1815 kib/h
230 Btu/lb
Make-up 45 klb/h
33 &agoull g4olji

Saudi Aramco: Public

saudi aramco



CHP Model for Optimum design

CHP System Thermal Efficiency- “Cogen/Boiler Configuration”

Met Pwr ALY 373
** |nput Fuel (MMBtu/h)| 3090
St pD d LP 1200 Kib/h ‘ SEC Fuel|(MMBtuh)] -1093
eam Deman
: Systm Eff % 81%
Reqguired Pwr MW 200 MW -
151 Ok e — Cogen % | Boilers
30 Biib = \ Scenario 63% 37%
949 Kibhh &0 kbh  Option-1 | [ 561 Kijy/h
85% I I I
h Option-2 BD% 2% \ASSEE
N
| I cron  00% I
4 I | Fuel 7456 MMBtuh 550  kibin
=+ | """'jl ' | PwiBILEf 56%
. l In 480 kibh
Pwr 251 MW | out #1480 Kbh
Fuel 2344 MMBtu/h I (DR — PT-T, B VN “PB(psia) T(F)
No. units 2 1200 1000
Uit size 150 _ / | H (Btu/lb; (Btu/lb F)
_________ y t500 o
0 kib/h |
12B1 kib/h I
In 1281 kibh
|
Out 1281 Kb
P(psia) T(F)
1510 kib/h ! olkibh 200 |kibh l 75 450
1150 34 Btu/lb 81|kib/h - I p 0.74 |psia [ H (Btu/lb; (Btu/lb F)
8.kib/h e X 86% 1257 2
[ N—— - |
1200 kb \, H 983 [Btulb ]
~ 7’
— ‘F — -— — — — -_—
1437 Kib/h
230 Btu/lb
Make-up 38 kib/h
34 &agoull g4olji
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CHP Model for Optimum design

Example - Result Summary

Facility Energy Demand Value Unit
Power Demand 200 MW
Steam Demand 1200 Klb/h
Steam Reserve Available >= One Unit
Overall System Eff% >= 70%
Option Fuel Power Gen Capex Su%\:)el;aé:‘f. NPV
(MMBTU/h) MW MM $ % (S MM)
Boilers Only 1722 91 304 62% 3rd
Cogen Only 4713 684 1085 76% Jan
Cogen & Boilers 2642 373 663 81% 1st

3 &agoull g4olji
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Combined Heat & Power Systems Optimization

Takeaway Typical CHP System Efficiency
CHP systems’ Thermal 100%
Efficiency = Ratio 90%
between all useful
: 80%
energies generated by 72%

the system and total 70% — —68%- — — - g = =gy — === -
energy input as fuel 509, 60%
Targeting 70% for new 50%
CHP systems projects 404
_‘Q’_ Highly dependent on the 30%
‘"* design configuration
20%
e 10%
@Optlmlzatmn models are
' ' 0%

important to find best
design

® Carry Over from Previous Years ® Year's Increment

36 &agoull g4olji
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Summary & Conclusion
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Power & Steam Generation Optimization for

Industrial Facilities

 Industrial & Utility energy consumption
exceeds 60% of Saudi Arabia internal
energy consumption.

« Operational optimization and load
management can provide 10% potential
emission reduction.

 Saudi Aramco has developed solutions for
operational optimization called online
CHP optimization software.

» Accounts for all key constraints

* Provides real time recommendations for
improving system efficiency, reducing
operating cost and CO2 emissions.

* Developed CHP optimization solution for
new design to identify the optimum
configuration and sizing

Reconciliation
Data filtration Data validation Min and Max
Limitation
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Power & Steam Generation Optimization for
Industrial Facilities
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