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Opportunity for Future U.S. Energy Consumption *)

Combined heat and power solution to recycling waste heal:
Distribute electricily generation to where waste heat can be recoveg

(BT
RYREITR!

Convarsion
Losses

Fuel
Distribution

RV RERR
!

Benefits:
* More efficient use of our natural resources

* More secure against natural and man-made disaslers
* Reduced poliution

+ Enhanced indoor air guality and comfort

75%

Overall

Recovered
Heat

42%

+ Domestic hot waler
* Space heating
+ Space cooling
« Ventialtion air
humidity contral
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ENERGY MANAGEMENT SYSTEM
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Steam Network Hydrogen Network Fuel Gas Network Electric Power
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1989
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Simulator

>

Mobil

1992-
1998

G2-MESA
Visual
MESA

Chevron

2003-
2006

Microsoft
Visio
based GUI
and MS
Excel
reporting

2000-2003

Fuel
Systems

1998-2000

Closed
Loop ERTO
and Cogen.

modeling

and
Emissions
calculations

REPSJOL

. 1

Ex¢onMobil
=R  METHXFSELLE

2006-2008
Key 2008-

Performanc 2009
e Applied
Indicators to Ethanol
Plant Productio
Energy n
Cost Block

PHILLIPS

~ 2009-

2011

Applied
to District
Cooling
and
Heating
Applied
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Systems

& B |

oomH

2011-2013
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Silverlight
Web Client

Multiperiod
Optimization
(MPO)
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— 1BIOPGEENTT #idE (standard Historian OPC DA/HDA server interface)
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Visual MESA Server OPC Server e
Web Server
Visual MESA Stand-Alone PC
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§
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Visio Client PC Excel Client PC Web Client PC

Client-Server use Web Browser use Stand Alone use

<YCN-EMS-001>

vigila nl'plcl nff Copyright © Yokogawa Electric Corporation -0- YOKOGAWA

The clear path to operational excellence



B Stand Alone Visual MESA: Demo Modelwvmd

'E] File Edit View MESA Builder Help
(e dr-HE 0~ RENQ (] I= 3% 42 Sk b S
Shapes
[F] Miscellaneous

POWER PLANT

Bl Convoler

[F] Generic Modeling

[F] Cptimizers

[E] HRSG Details

[F Plants and Areas

[F] Miscellaneous MESA Blocks
[F] valves, Turbines and Meters

X
\
&
& o o=
4
q

\_ﬁ ‘

[E steam Producers * G)

[ steam Consumers ¢ PowarFlan: Deareator 2

X/ an 536 539

L] LU

MESA Mode: OMLINE View: SIMULATION Status: COMPLETE Alerts: None —




¥ ARSI S

THE PLANT Last run online
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IPetrn-ch&mil:al-Ral'inery Model | 4 ¥ s NT S Optimization level SQP 5

50,5 vh i 2 Run MESA,
5 to Refinery _Sawngs. 150.9 €'h |
Cogeneration Power Plant Cracking
SEA LR R AR e
4
RFnLiRTRToRE
254.2 th
Plant 1 Plant 2 Plant 3 Plant 4 Plant 5§ Flant & Plamt 7 Plant & Tanks
o m
al2 th L 4
» + 1 B = =1
) th 01
L] 12 %
K 3 K
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1001 b
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Petrochemical-Refinery Model

Economic Summary
FEASIBLE SOLUTION

Custom Report Version: 01b
Last run online: 29/7/2010 10:30

Optimization level (SQP) =3

Euals Unit Cost (€/t) i ; Quantity (tlh? - i ; Cost (€/h) R Savings
Simulation Optimisation Simulation Optimisation (€/h)
FO High Sulfur (tons FO) 305.7 0.0 0.0 0.0 0.0 0.0
FO Low Sulfur (tons FO) 309.0 S.0 8.8 27728 27339 38.9
RF1 (tons FO) 0.0 6.5 6.5 0.0 0.0 0.0
RF2 (tons FO) 0.0 0.9 0.9 0.0 0.0 0.0
Diesel (tons FO) 0.0 0.2 0.2 0.0 0.0 0.0
Natural Gas Cost 1 397.8 42 42 1679.7 1679.7 0.0
Natural Gas Cost 2 397.8 0.0 0.0 0.0 0.0 0.0
Natural Gas Cost 3 453.0 10.8 10.5 4967.8 4829 4 138.4
C2FCC-Range1 168.3 0.0 0.0 0.1 0.1 0.0
C2FCC-Range2 2295 0.0 0.0 0.0 0.0 0.0
C2FCC-Range3 306.0 0.0 0.0 0.0 0.0 0.0
c4 170.8 0.4 0.4 71.2 71.2 0.0
Total 9491.6 9314.3 177.3
P Unit Cost Quantity (kW) Cost (€/h) Savings
el (€/kWh) Simulation Optimisation Simulation Optimisation (€/h)
Grid 0.060 45260.0 45815.2 27156 27489 -33.3
Penalty for out of contract EE 0.013 0.0 0.0 0.0 0.0 0.0
Penalty for out of contract EE transport 0.600 0.0 0.0 0.0 0.0 0.0
Total 2715.6 2748.9 -33.3
Unit Cost Quantity Cost (€/h) Savings
Other Costs (€/UOM) Simulation Optimisation Simulation Optimisation (€/h)
Demineralized water (tons) 0.7 1000.0 990.9 740.0 7333 6.7
Emissions (t SO./h) 45.0 0.15 0.15 6.9 6.8 0.1
Total 740.0 733.3 6.7
Cost (€/h) Savings
Simulation Optimisation (€/h)
Total 12947.2 12796.5 150.7
°_ o ® <YCN-EMS-001>
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Petrochemical-Refinery Model

Custom Report Version: 01b

Recommendations Last run online: 29/7/2010 10:30 Update |

FEASIBLE SOLUTION Optimization level (SQP) =3

Variables [v Current |, New E 2 Delta [, [v]

RF1 B-5 (Not Main Liquid Fuel) tFO/h 0.89 0.86

FG B-5 (tFO/h) 1.95 1.61

Min TG-3 (th) 19.20 18.59

FCC-ECTurbine MP extraction (th) 26.13 1456

Turbine TG231 On Off

Motor NG241 Off on Py Start

Turbine FCC-T1 On Off

Motor FCC-M1 off on A Start

Turbine FCC-T5 On Off

Motor FCC-H5 off On A stan

Consequences Current New Delta

Load B-5 (th) 106.89 100.00

FO B-5 (Main Liquid Fuel) tFO/h 463 450

Steam flow TG-1 (th) 83.50 81.92

Steam flow TG-3 (th) 19.24 18.59

Power TG-1 (kW) 2800.52 2658.24

Power TG-3 (kW) 1062.19 1000.00

Total imported electricity (kW) 45260.00 45815.17 1t 55517

Total vent (th) 33.65 24.70

Total imported NG (th) 15.03 14.73

FCC-ECTurbine HP inlet (th) 4916 44.49
IgHnanrjicant. Copyright © Yokogawa Electric Corporation - {73 -
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Petrochemical-Refinery Model

KPIls summary
FEASIBLE SOLUTION

Custom Report Version: 01b

Last run online: 29/7/2010 10:30

Optimization level (SQP) =3

Current

Reference or

KPI Description ko UOM Average value i alie Trend

Operating cost o 12954 .2 €/h Set period 13000.0 See KPI trend
Global energy rate 7.4 mmBTU/KLB Set period 8.0 See KPI trend
Total HP Steam letdown flow « 0.03 th Set period 0.5 See KPI trend
Total MP Steam letdown flow « 002 th Set period 0.9 See KPI trend
Total steam vent flow ! 33.65 th Set period 30.0 See KPI trend
Global HP Steam header imbalance|s« -0.13 % Set period 1.0 See KPI trend
Global MP Steam header imbalance|« -0.59 % Set period 1.5 See KPI trend
Boiler-1 Efficiency 927 % Set period 91.0 See KPI trend
Boiler-3 Efficiency ! 926 % Set period 94.0 See KPI trend
Boiler-4 Efficiency « 950 % Set period 90.0 See KPI trend
Boiler-5 Efficiency « 937 % Set period 90.0 See KPI trend
HRSG-1 Efficiency « 813 % Set period 80.0 See KPI trend
HRSG-2 Efficiency ! 762 % Set period 80.0 See KPI trend
HRSG-32 Efficiency ® 00 % Set period 80.0 See KPI trend
Total imported electricity 453 MW Set period 47.0 See KPI trend
S0, emissions KPI 12212 mg/Sm® Set period 1000.0 See KPI trend
NO, emissions KPI ! 436 mg/Sm® Set period 45.0 See KPI trend

vignanrpoiant.
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Recoverable Cost (Utilities waste, .. )

§ ¢

s 8 5 8 ¢

:

:

2535

b

% |

LY
.

)

4

i

> 4% savings

1> 2M € / year
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Corporate Standard for Utilities RTO (multiple sites)

e Sweeny refinery: > $2.5M/year demonstrated savings

/_E)f(onMobiI Corporate Standard for Utilities RTO (multiple sites)

e Baytown case: "Significant savings were demonstrated”

Corporate Standard for Utilities RTO (3 sites)

e Pascagoula case: Serves as internal reference for energy savings

Corporate Standard (7 Sites)
e Tarragona refinery: $3M /year of energy cost saved

Customer since 1989 (including closed loop)

AIR LIQUIDE
- e Bayport facility: > $1.5M per year of energy cost saved

=

® <YCN-EMS-001>
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Site Commissioning (1 site in 2012)

M Site Commissioning (3 sites in 2012)

Corporate Standard (2 sites in 2013)

_- Site Deployment (1 site in 2013)

A

Site Deployment (1 site in 2013)

Site Deployment (1 site in 2014)

Saudi Aramco
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Vi ildl‘l'l' ICII‘I"'? Copyright © Yok Electric C ti - -
Ig p o opyrig oKogawa ktlectric Corporation 17 YOKO GAW A

The clear path to operational ex




REEHICREBINEE 1

L Sy LA T L

<YCN-EMS-001>

vigila n'l'pla ntf Copyright © Yokogawa Electric Corporation - 18 - YOKOGAWA

The clear path to operational excellence



IR

- Wl S I
- Al

- FA ., WPEK, BERS (KRS, Bx  BS5F)  BO, 8558%

- Min ( BEpZS+EB IRk + BB BRAA )

<YCN-EMS-001>

Vigila I‘Il'plCI nt? Copyright © Yokogawa Electric Corporation - {Q - YOKO G AW A

The clear path to operational excellence



-+ I ERTREE

| Home | Builder
‘ al | f | | | ! | u | : | t | & |_| A6 IE/E == ®Ethylens ETH1_BLtWT_LOAD @\,_ : E
. * ; ETHL_160FI002 Fimleee
BF Y Etrilens i BETOMNEIHR  oige ramiras %
@. BaHith
535
10 MPag @NewC2- i i i
£THI_t607Ic001A (F) (]
SCK ZHRmemEMT] 161PIC001
T bt =
4.0 MPag Ethylena Comgrassor TS RT EERIFRTT LT |—>| 0]
ETH1_150PICOD04 Water Pump RIS > ©EdTICDOZ
@Eﬁ Progylene Comgressor @ e Cond & Heavy Quenching Pumps "oy « %
ETHI_1E0RICI034

106.4

160PHAT

1B0RICIOZ

vigilantplant?

The clear path to operational excellence

-20 -

Copyright © Yokogawa Electric Corporation

160TIILD *
AT L raLEs
I B 174 414
. ETH1_1612ICT15 ez o ?ump e 278 C %0
H < EB® 1217 © 13 i 15.4
Be e K £l 3 Bl K £l A6
ETH1_160F11D5A i @' | ETH1_{EARICI0EA 1}
I g Ethylzna Dilution St2am ﬂ 9 .® G
ETH1_180711085 ® HEL AL ®
D @ &3
120TI3TE 728 -
1513 150TICO0E .
0.35 MPag ¥
®ED ny v E'E #e1l 9?!;..
B2 w3 »3 »b1—+d & J
1EOFITE o i T | | T
o ng
iz =R —»|>—>] Naw C2= DA 0.35
131 0
— 100 WD
H2 fram Mewsi= —— 4TI
- 15 Tk
>>| pe—»p 035 WELER
131 Etnylens Cang T —. *
ETH1_140FI541
® <YCN-EMS-001>



AR

TEERNER: 1380 RMB/h
- YR
- P ERREE: -8 t/h
R ORIASEFE: -494 Nm3/h
D25 BER: -8 t/h
— IBEZXS#HE: 3.0and 4.7 t/h
e E{{r:
- BPEARER: (6 t/h
D RIRSIBHFE: 469 kg/h

- EExXA#H=6t/h
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Delta (i.e., captured savings):
478 ¥/h (4.19 MM¥/year)

DEESEM (4 to 1.6 Mpa ) : 6.9 t/h

D IE4EHSE: -12.8 t/h
HiD3.8MPazESHE
=1 6MPaskSiHE

BEEERETRES: 11,040,0005T/4
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SSK Petrochemical Company
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« SSK Petrochemical Company 2R _FRXAIAHRCTECSR,
T 4ERRERY Jubail Tk,

« %] RATEZLAISCEERILH RS | BB TR RETERD
REFTHIETT,

o —NECHY , ELAUBERILHERRR S , TLUBIS E B likEeE
REFRA AR RN BERAEREI S R LI R R 5.

VEEAT=k
— MASERIP RS (Fuel Gas Consumer)
— PABERIPZESE (Crude Oil Consumer)
—- EEERIPZESE (Fuel Gas Consumer)
— REH/E I (Cooling water pumps, BFW pumps,...)
— WS/S S (Olefins Unit main compressors)
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B & FoIRE TAT.
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- THRIERZ T M February 28t 3| March 7, 2013g8RiEHERISRE

After implementing recommendations:

Average potential savings: 270 $/h

RiETE | 38F9LI156E1,050,0005E5T
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