
| Document Number | March 23, 2016 | 

© Yokogawa Electric Corporation

Integrated EMS Offering

Holistic Energy Management 

Solutions

1

Arjun Balakrishnan/Wang Cheng



| Document Number | March 23, 2016 | 

© Yokogawa Electric Corporation

Agenda
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◆Sites – Low Energy Complexity

◆Sites – High Energy Complexity

4. Energy sustainability – Co Pilot Services
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The Why ?

Energy & Carbon Management - Industry 

Challenge
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Singapore Specific Regulatory Challenge
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Owner/Facility Perspective 

◼ Compliance

◆ Immediate regulatory requirement to complete an EEOA and 

implement EnMS

➢ Before 2021

◆ Measurement pre-requisites !

◼ How does EEOA study fit in with future plans

◆ Expansions and revamps- Energy efficient revamp

◆ New facilities – Energy efficient design

◆ Energy and Carbon strategy of corporate

◼ Implementation of improvement opportunities

◆ Compatibility between opportunities

◆ Measuring effectiveness

◼ Sustainability

◆ Visibility and continuous improvement
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Global Challenge – Where and How much to spend?

◼ How Much Saving is 

possible?

◼ To achieve a top down 

Target saving

◆ How much to 

spend?

◆ Where to spend it?

➢ By site, by unit, 

by type

➢ By Opportunity

◼ How long will it take and 

how are we progressing?
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◼ The sustainability challenge thrown by shareholders of 

major corporates.  
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The How ?

Aspects of Energy Management System
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Energy  & Carbon Management Systems
In total, 4 systems are required
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Energy 
Accounting & 

Monitoring

System

Opportunity 
Identification 

System

Opportunity 
Evaluation 

System

Opportunity 
Implementation 
Management 

System

• Identify Gaps & Categorise

• Technically

• Organisationally

• No/low/High Capex

• Understand gaps all the way to 

Best Performer

• Generate Ideas Systematically

• Prioritise ideas

• Clear and 

Consistent 

Reporting

• Benchmark vs Best 

Possible

• Determine Priorities

• Detailed Evaluation Tools

• Understand roadmap all the 

way to Best Technology

• Conflicts & Synergies

• Portfolio Insights 

• Spend X to save Y

• Focus Areas

• Track Progress vs 

Targets

• Set and manage 

goals

• RASCI
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The How ?

Facilities with Low Energy Complexity 
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Working towards EEOA – KBC/Yokogawa Offering
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• Strong emphasis on measurement of all 

energy related variables in the facility –

Yokogawa has range of instrumentation 

available. 

Report findings to company management and NEA

Evaluate feasibility with cost benefit analysis

Identify potential EE opportunities

Measure performance of energy consuming systems

Plan for and define scope of assessment

EEOA Basic Scope

• Measure energy performance 

• Irrespective of complexity, an energy 

study should start with benchmarking

• KBC/PTAI* benchmarks across 

multiple industries 

• Identify EE opportunities

• Less complex sites have limited

handles – Main focus on fired heaters,

large pumps and compressors and

maybe a few distillation columns

• KBC Standardised recommendations

• Evaluation of EE opportunities

• Standardised methodology – Primary

Fuel

• Report to NEA

• Standardised compliant report structure

• KBC authorised to sign off* PTAI – Phillip Townsend Associates is a strategic partner for benchmarking   

KBC has ESCO Status and is an 

accredited EEOA assessor  



| Document Number | March 23, 2016 | 

© Yokogawa Electric Corporation

11

Zero Step : Measuring energy use  
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Yokogawa has range of instrumentation available

◼ DPharp EJX series
◆ Multi-sensing technology minimize cost by eliminating the need for pressure gauges; 

◆ Flame explosionproof, intrinsically safe explosionproof, safety standards SIL and EC 

directives. 

◆ Compatibility with HART and FOUNDATION fieldbus communication protocols.
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◼ InfraSpec NR800
◆ High wavelength resolution, outstanding accuracy and wide scanning range 

◆ Direct transfer of a calibration model from the laboratory to the process, or among 

processes.

◼ Tunable Diode Laser Spectrometers (TDLS)
◆ The platform design is for in situ measurements which negates the need for sample 

extraction and conditioning. The non-contacting sensor allows for a variety of process types 

including corrosive, abrasive and condensing. 

◆ Proven platform for the measurements of O2, CO, CH4, NH3, H2O and many more NIR 

absorbing gases. 

◼ EWFLO vortex flow meter
◆ Combines the field proven sensor and body assembly used in more than 450,000 units 

worldwide 

◆ Innovated spectral signal processing (SSP)
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Quick win for Fired Heaters: Combustion 

One
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CombustionONE

14

Maintaining excess air in the optimal area for Efficiency, 

Emissions, Extended heater life and Safety

Efficiency losses

NOx “violations”
NOx

% excess air-20 -10 0 10 20

Fuel rich Air rich

O2

CO & 

Combustibles

20

16

12

8

4

Efficiency

Unsafe CO “Violations” 

CO excursions

Efficiency losses

CO2

Ideal

Extending 

the Life of 

Fired Heaters

Increase 

safety

Improve thermal 

efficiency

Increase 

throughput

Reduce 

emission
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TDLS

Safety and optimum

combustion control

Furnace

knowledge

One-stop service
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Yokogawa is the only company who offers a total package of 

fired heater optimization
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Digitalized EnMS for Low Complexity Sites 



| Document Number | March 23, 2016 | 

© Yokogawa Electric Corporation

But…. Digitalization of EEOA is better

◼ Digitalisation minimizes effort and maximizes 

benefits 

17
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Energy Performance

◼ Yokogawa/KBC offers various EMS solutions fit 

different industry complexity

18

Automated First Principle 

Model online monitoring 

(VM-EM)

EEOA Standard Report

Cooperate level performance 

monitoring -- An AI empowered 

decision supporting platform
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Visual Mesa Energy Monitor (VM-EM)

◼ Energy management is not a one time effort, its all about sustaining.

◆ For less complex sites the need is to have a monitoring system that 

effectively tracks, historizes performance and lost opportunity

◼ KPI blocks for improved alarming, trending and reporting

◆ VM-EM has extensive alarming, trending and reporting capabilities.

◆ The KPI output sensors definition allows for variables (i.e., limits, targets)

including the alarms historization.

◆ KPIs alarms can be trended with user defined color codes and also their

alarm limits, when historized.

◼ High Frequency Calculations 

◆ VM-EM provides model validated real-time data of a site energy system

including steam, water, fuel and electricity networks. Allowing also for

emissions modeling both by equipment and site-wide and KPIs calculated

based on the validated model.

◆ For monitoring purposes, VM-EM will execute at a 3 to 5 minutes frequency

and massively historize the results for all the KPIs, streams and blocks in

the model.

19
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VM-EM Screenshots 
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Automate EEOA reporting 

to NEA
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The How ?

Facilities with High Energy Complexity 
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High Level Methodology for EEOA Compliance
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Report findings to company management and NEA

Evaluate feasibility with cost benefit analysis

Identify potential EE opportunities

Measure performance of energy consuming systems

Plan for and define scope of assessment

EEOA Basic Scope

R
ep

ea
t 

p
er

io
d

ic
al

ly
Review compatibility & Recalculate BT

Ranking of opportunities

PFD Reviews: Identify potential EE opportunities

Energy performance gap analysis and accounting

Best Technology (BT)  Benchmarking

KBC Methodology
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The How ?

High Level Methodology 
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Execution Methodology – Complex Sites
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Benchmarking & Gap Analysis
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Generate List of Opportunities Techno-Economically feasible ideas 
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Digitalized EnMS for High Complexity Sites 



| Document Number | March 23, 2016 | 

© Yokogawa Electric Corporation

Maximise Heat Recovery

Energy 
Accounting & 

Monitoring

System

Opportunity 
Identification 

System

Opportunity 
Evaluation 

System

Opportunity 
Implementation 
Management 

System

Digitalized Energy Excellence
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Compare Energy Usage With Best 

Technology Designs

Co-Pilot

Range of Instrumentation that 

provide reliable 

measurements for most 

Energy Efficient ProductionsTDLSNR800 YEWFLOEJX

Performance Driven Operation 

align daily operation with 

cooperate target  

Prod B Prod C

Prod C from Unit_xx

Temp

Prod E Prod B

Comp

Prod F

By-
Prod

Prod G

Prod H

Prod I

Prod J

Mode 1

Mode 2

Furnace A to H FEED

A

B

A

B

Interactive visualization supporting 

decision making

Real-time utilities optimization that make sure the 

“Process” Energy needs is delivered in the most 

Optimal way

Plant-wide Dynamics RTO And Adv. Control 

application that ensure the “Process” is operating in 

the most Energy Efficient way

Combustion control logic that makes sure the Safe and 

optimum combustions resulting in emission reduction

Utilities

Optimization

Plant-wide Energy 

Optimizer

CombustionONE

15
MIN.

30
SEC.

1
SEC.
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Energy Accounting and BT

◼ Simplified on-line, site-wide energy balance

◆Automated Data Reconciliation

◼On-line real time BT Index Calculation (site wide)

◼ IT Implementation

◆Create Data-structures that can be reused for all Sites 

◆Report Dashboards

◆Automate creation of any other reports

➢Regulatory reporting

➢Corporate reporting

27
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Real-Time Reports – Accounting & Overall BT System

◼ Top Level KPIs

◼ Unit by Unit BT and Gap

◆ BT Terms, $$ Terms

◼ Automated Reports for regulatory and other purposes

28
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Gap Identification – Reporting

◼ Breakdown by Theme, unit, site, Type

29
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Opportunity Reporting and Visualisation
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Project Show Emissions Impacts

Show Test Case Economics

Show Energy Balance

Company Plant PCS NET IRR CO2 SOx Payback Other Net Energy

Initial Comment 

Practical

ity Benefits SAVING Value Source Payback (@ 20yrs) reduction reduction Saving Investment inc. CO2 Comment Ranking

Remarks (e.g. Ease of Implementation/ Timescale/ Safety Impact/ 

Plot Space Availability and/or Any Other Constraints) Rev No Submitted Saving Saving lead alternative

PCS 1 Cracker 1 (HOT) PCS1 Cracker - 01 Emergyency use only Install new exchanger to recuperate 'cold' duty from ethylene stream to E-458 $ 0.80m KBC 1.8 yrs 56% 0.22 t/h 0.00 t/h $0.51 m/yr $ 0.80m 1.6 yrs

Ethylene is currently heated by SL steam in E-458 from -30C to 44C. Duty is 1.04 Gcal/hr

This cold duty can be partially recovered to C3R refrigeration loop, thereby saving SL steam and reduce C3R compressor duty 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 1.6 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 1.01 MW 0.00 MW

PCS1 Cracker - 02A Low Low - intermittant Heat recovery from reactivation gas to E-393 to provide heat to acetylene prestripper reboiler $ 0.10m KBC 0.6 yrs 156% 0.12 t/h 0.00 t/h $0.29 m/yr $ 0.10m 0.3 yrs Reactivation gas currently cools from 141C to 38C in E-393 using WS. Duty is 2.24Gcal/h. Various options to use this heat.

Acetylene prestripper bttm stream currently heats from 54C to 66C using SL steam in E-480. Duty is 0.5 Gcal/hr

0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.9 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.58 MW 0.00 MW

PCS1 Cracker - 02B Low Low - intermittant Heat recovery from reactivation gas to E-393 to provide heat to depropanizer reboiler $ 0.10m KBC 0.4 yrs 272% 0.22 t/h 0.00 t/h $0.51 m/yr $ 0.10m 0.2 yrs Reactivation gas currently cools from 141C to 38C in E-393 using WS. Duty is 2.24Gcal/h. Various options to use this heat.

Depropanizer bttm currently heats from 64C to 66C using SL steam in E-510. Duty is 4.4 Gcal/hr

0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 1.6 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 1.00 MW 0.00 MW

PCS1 Cracker - 02C Low Low - intermittant Heat recovery from reactivation gas to E-393 to provide heat to fuel gas $ 0.10m KBC 0.5 yrs 182% 0.14 t/h 0.00 t/h $0.34 m/yr $ 0.10m 0.3 yrs Reactivation gas currently cools from 141C to 38C in E-393 using WS. Duty is 2.24Gcal/h. Various options to use this heat. 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 1.1 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.67 MW 0.00 MW

PCS1 Cracker - 03 SM Use SLL instead of SL steam to reboil Depropanizer Bttm in E-510 $0.23 m/yr $ 0.10m KBC 0.4 yrs 232% 1.14 t/h 0.00 t/h $2.69 m/yr $ 0.10m 0.0 yrs Depropanizer bttm currently heats from 64C to 66C using SL steam in E-510. Duty is 4.4 Gcal/hr 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 8.4 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 5.29 MW 0.00 MW

PCS1 Cracker - 04 SM Use SLL instead of SL steam to reboil Debutanizer Bttm in E-560 $0.19 m/yr $ 0.10m KBC 0.5 yrs 186% 0.92 t/h 0.00 t/h $2.16 m/yr $ 0.10m 0.0 yrs Debutanizer Bttm reboils at ~108C using SL. Duty is 3.54Gcal/hr 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 6.8 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 4.25 MW 0.00 MW

PCS1 Cracker - 05 SM Use SLL instead of SL steam to reboil T-432 Bttm in E-433 $0.12 m/yr $ 0.10m KBC 0.9 yrs 116% 0.57 t/h 0.00 t/h $1.34 m/yr $ 0.10m 0.1 yrs T-432 Bttm (deethanizer downstream) reboils in between 85C to 88C using SL. Duty is 2.19Gcal/hr 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 4.2 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 2.63 MW 0.00 MW

PCS1 Cracker - 06 SM Use SLL instead of SL steam to reboil Deethanizer Bttm in E-430 $0.25 m/yr $ 0.10m KBC 0.4 yrs 245% 1.20 t/h 0.00 t/h $2.83 m/yr $ 0.10m 0.0 yrs Deethanizer Bttm reboils in between 82C to 88C using SL. Duty is 4.64Gcal/hr 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 8.9 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 5.57 MW 0.00 MW

PCS1 Cracker - 07 SM Use SLL instead of SL steam to reboil Condensate Stripper Bttm in E-380 $0.09 m/yr $ 0.10m KBC 1.1 yrs 93% 0.45 t/h 0.00 t/h $1.07 m/yr $ 0.10m 0.1 yrs Condensate Stripper Bttm reboils in between 67C to 101C using SL. Duty is 1.75Gcal/hr 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 3.4 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 2.10 MW 0.00 MW

PCS1 Cracker - 08 SM Use SLL instead of SL steam to reboil Distillate Stripper Bttm in E-250 $0.09 m/yr $ 0.10m KBC 1.1 yrs 91% 0.44 t/h 0.00 t/h $1.05 m/yr $ 0.10m 0.1 yrs Distillate Stripper Bttm reboils in between 85C to 99C using SL. Duty is 1.72Gcal/hr 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 3.3 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 2.07 MW 0.00 MW

PCS1 Cracker - 09 SM Use SLL to partially heat naphtha feed in E-103, which currently uses SL $0.31 m/yr $ 0.10m KBC 0.3 yrs 309% 1.52 t/h 0.00 t/h $3.58 m/yr $ 0.10m 0.0 yrs Naphtha feed currently heats from 75C to 125C. Duty is 5.87Gcal/hr.

Use SLL steam to partially heat to 105C; duty is 3.5Gcal/hr

0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 11.2 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 7.05 MW 0.00 MW

Cracker 1 (COLD) PCS1 Cracker - 10 Install new exchanger to recuperate 'cold' from propane stream currently heated by SL in E-408A/B $ 0.50m KBC 0.6 yrs 171% 0.41 t/h 0.00 t/h $0.96 m/yr $ 0.50m 0.5 yrs Propane is currently heated from -14C to 5C using SL. Duty is 1.57Gcal/hr

This cold duty can be recovered to C3R refrigeration loop, thereby saving SL steam and reduce C3R compressor duty

0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 3.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 1.88 MW 0.00 MW

PCS1 Cracker - 11 Install new exchanger to recuperate 'cold' from propylene stream currently heated by SL in E-408C/D $ 0.45m KBC 0.9 yrs 106% 0.22 t/h 0.00 t/h $0.53 m/yr $ 0.45m 0.8 yrs Propylene is currently heated from -21C to 5C using SL. Duty is 0.87Gcal/hr

This cold duty can be recovered to C3R refrigeration loop, thereby saving SL steam and reduce C3R compressor duty

0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 1.7 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 1.04 MW 0.00 MW

Aromatics 1 PCS1 SA-01 Heat exchange between Rerun Column T-710 Ovhd and Feed. $0.18 m/yr $ 0.50m KBC 2.7 yrs 37% 0.15 t/h 0.00 t/h $0.34 m/yr $ 0.50m 1.5 yrs 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 1.1 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.68 MW 0.00 MW

PCS1 SA-02 Use R-750 Effluent to heat Rerun Column T-710 Feed. $ 0.50m KBC 1.4 yrs 73% 0.29 t/h 0.00 t/h $0.69 m/yr $ 0.50m 0.7 yrs 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 2.2 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 1.35 MW 0.00 MW

PCS1 SA-03 Use T-770 Column Ovhd to heat Rerun Column T-710 Feed. $ 0.45m KBC 2.7 yrs 37% 0.13 t/h 0.00 t/h $0.31 m/yr $ 0.45m 1.4 yrs 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 1.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.61 MW 0.00 MW

PCS1 SA-04 Use R-730 Intermediate Feed to heat Rerun Column T-710 Feed. $ 0.45m KBC 1.9 yrs 52% 0.19 t/h 0.00 t/h $0.44 m/yr $ 0.45m 1.0 yrs 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 1.4 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.86 MW 0.00 MW

PCS1 SA Ext-01 To study Use Stripper T-830 Ovhd to generate hot water or for BFW preheating $ 0.65m KBC - Capital Investment assumed CS S&T 0.6 Gcal/h above 100C 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.00 MW 0.00 MW

PCS1 SA Ext-02 Use SM instead of SI steam for E-830 $0.33 m/yr $ 0.10m KBC 0.3 yrs 332% -0.04 t/h 0.00 t/h $0.09 m/yr $ 0.10m 1.1 yrs 0.00 MW 0.0 MW 0.0 t/h 6.0 t/h -6.1 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.20 MW 0.00 MW

PCS1 SA Ext-03 Use SM instead of SI steam for E-840 $0.09 m/yr $ 0.10m KBC 1.1 yrs 90% -0.01 t/h 0.00 t/h $0.02 m/yr $ 0.10m 4.1 yrs 0.00 MW 0.0 MW 0.0 t/h 1.6 t/h -1.7 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.05 MW 0.00 MW

PCS1 SA Frac-01 Clay Tower T-860 feed heating using Benzene Column Ovhd. $0.15 m/yr $ 0.40m KBC 2.8 yrs 36% 0.07 t/h 0.00 t/h $0.20 m/yr $ 0.40m 2.0 yrs Installing a new exchanger to recover heat from benzene col. ovhd to heat clay tower feed. As the clay tower effluent (to benzene 

column) is heat exchanged with the clay tower feed, an additional benefit is by having hotter feed to benzene column and slightly 

0.00 MW 0.0 MW 0.0 t/h 0.6 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.40 MW 0.00 MW

PCS1 SA Frac-02 Clay Tower T-860 feed heating with Benzene side-draw stream. $ 0.40m KBC 2.9 yrs 35% 0.07 t/h 0.00 t/h $0.20 m/yr $ 0.40m 2.0 yrs Similar to the SA Frac-01 but heat is recovered from benzene side draw. 0.00 MW 0.0 MW 0.0 t/h 0.5 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.39 MW 0.00 MW

PCS1 BD-01 Not practical due to location Use SL instead of SL steam for E-927 $ 0.10m KBC 2.1 yrs 47% -0.01 t/h 0.00 t/h $0.03 m/yr $ 0.10m 2.9 yrs 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 1.5 t/h -1.5 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.07 MW 0.00 MW

PCS 2 Cracker 2 - HOT PCS2 Cracker-01
Not Practical. Use heat for new utility

Recover heat from dilution steam blowdown (currently CW cooling in 2E-272) to provide heating for naphtha/raffinate 

and to eliminate use of LPS (in 2E-102)

$ 0.10m KBC 0.4 yrs 243% 0.19 t/h 0.00 t/h $0.46 m/yr $ 0.10m 0.2 yrs Save 0.75 Gcal/h of LPS 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 1.4 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.90 MW 0.00 MW

PCS2 Cracker-02 Same as 03-09 Use SLL to replace SL in 2E-260 (water stripper feed heater) $0.09 m/yr $ 0.10m KBC 1.1 yrs 93% 0.46 t/h 0.00 t/h $1.08 m/yr $ 0.10m 0.1 yrs 2E-260 duty  = 1.76 Gcal/h 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 3.4 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 2.12 MW 0.00 MW

PCS2 Cracker-03 Use SL to replace part of the heat duty currently provided by SM in dilution steam heater 2E-274 $0.09 m/yr $ 0.75m KBC 7.9 yrs 11% -0.01 t/h 0.00 t/h $0.07 m/yr $ 0.75m 10.2 yrs Switch 1.5 Gcal/h from SM to SL 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 2.9 t/h -2.9 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.16 MW 0.00 MW

PCS2 Cracker-04 Intermittent operation. To evaluate merits Use lower pressure steam to provide part of reactivation gas heating duty and save SH steam $ 0.60m KBC 2.9 yrs 34% -0.02 t/h 0.00 t/h $0.06 m/yr $ 0.60m 10.1 yrs Reactivation gas feed heater (2ER-397) currently uses SH to heat stream from 27C to 244C (Duty  = 2.7 Gcal/h).

Potential to explore various option of using lower rpessure steam to replace part of the SH heating duty.

0.00 MW 0.0 MW 0.0 t/h 3.6 t/h -3.7 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.13 MW 0.00 MW

PCS2 Cracker-05A Same as 03-09 Use SLL to replace SL in 2E-540B (propylene stripper reboiler) $ 0.10m KBC 0.4 yrs 225% 1.10 t/h 0.00 t/h $2.60 m/yr $ 0.10m 0.0 yrs 2E-540B duty = 4.26 Gcal/h 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 8.2 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 5.12 MW 0.00 MW

PCS2 Cracker-05B Impractical Use CGC 1st stage inter-cooler to provide part of reboiler duty in 2E-540B (propylene stripper). Currently inter-

cooling achieved by CW

$ 0.49m KBC 0.7 yrs 146% 0.57 t/h 0.00 t/h $1.34 m/yr $ 0.49m 0.4 yrs Need to check with PCS II whether it is possible to recover the heat from compressor inter-cooler…typically may not be feasible 

because difficulty with compressor modification due to packaged equipment. Also need to consider potential pressure drop in CGC 

0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 4.2 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 2.64 MW 0.00 MW

PCS2 Cracker-05C Impractical due to location- Use heat to generate 

new hot utility

Use C2 heat pump 2nd stage discharge stream (currently CW in 2E-443) to provide partial reboiling duty for 

propylene stripper

$ 0.42m KBC 0.8 yrs 124% 0.41 t/h 0.00 t/h $0.98 m/yr $ 0.42m 0.4 yrs Up to 1.6 Gcal/h saving in SL

Note that there are 2 parallel reboiler 2E-540A and 2E-540B in existing case, so need to consider plot space constraint

0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 3.1 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 1.92 MW 0.00 MW

Cracker 2 - COLD PCS2 Cracker-06  ??? Install CW exchanger to cool down C3 vapor from compressor 4th stage discharge. Use cold stream to 2E-410 to 

reduce C3R 4th stage ref usage for cracked gas cooling.

$ 0.40m KBC 9.3 yrs 9% 0.00 t/h 0.00 t/h $0.00 m/yr $ 0.40m 0.0 yrs C3 vapor from 4th stage discharge is at 42.8C and is currently cooled down by 2T-410 bottom. Installing CW exchanger to provide 

part of C3 vapor cooling duty and use the 2T-410 bottom stream to provide part of the cooling duty for cracked gas to reduce C3R 

4th stage. Need to account for pressure drop increase

0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.00 MW 0.00 MW

PCS2 Cracker-07 Install CW exchanger to cool down cracked gas before it enters C3R 4th stage ref exchanger $ 0.25m KBC 13.5 yrs 4% 0.00 t/h 0.00 t/h $0.00 m/yr $ 0.25m 0.0 yrs Cracked gas is currently cooled down from 44C to 13C using C3R 4th stage. Install CW exchanger to cool down from 44C to 35C 

to reduce C3R 4th stage ref use

0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.00 MW 0.00 MW

PCS2 Cracker-08 Use HP C2 to provide partial cooling duty for ethylene to reduce the use of C3R 1st stage in 2E-446. $ 1.50m KBC 10.8 yrs 7% 0.00 t/h 0.00 t/h $0.00 m/yr $ 1.50m 0.0 yrs HP C2 is used for C3R 2nd stage recuperation in 2E-453F (cooling liquid C3 from drum 2D-625 from -2.5C to -11C). Instead of this 

service, use it to provide partial cooling duty to reduce use of C3R 1st stage in 2E-446 which is currently cooling ethylene from -11C 

0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.00 MW 0.00 MW

PCS2 Cracker-09 Install new heat exchanger to provide part of cooling duty of 2E-412C with C2R 3rd stage to reduce C2R 2nd stage 

usage

$ 1.00m KBC 12.3 yrs 5% 0.00 t/h 0.00 t/h $0.00 m/yr $ 1.00m 0.0 yrs Involve cold box modification (2E-412), unlikely to be attractive for the small duty involved - Rejected 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.00 MW 0.00 MW

Aromatics 2 PCS 2SA-01 Heat exchange between Rerun Column 2T-710 Ovhd (Hot) and Feed (Cold). $1.33 m/yr $ 1.40m KBC 1.1 yrs 95% 1.06 t/h 0.00 t/h $2.50 m/yr $ 1.40m 0.6 yrs 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 7.8 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 4.91 MW 0.00 MW

PCS 2SA-02 Use 2R-750 Reactor Effluent (after 2E-751A/B) to heat up Rerun Column 2T-710 Feed. $ 1.30m KBC 0.7 yrs 154% 1.59 t/h 0.00 t/h $3.75 m/yr $ 1.30m 0.3 yrs 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 11.7 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 7.37 MW 0.00 MW

PCS 2SA-03 Use Depentanizer Column Ovhd to heat up Rerun Column 2T-710 Feed. $ 1.27m KBC 1.3 yrs 79% 0.79 t/h 0.00 t/h $1.87 m/yr $ 1.27m 0.7 yrs 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 5.9 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 3.69 MW 0.00 MW

PCS 2SA-04 Switch SM steam use in 2E-711 (Rerun Column Feed) to SL steam or new SLL steam. $ 0.00m KBC 0.0 yrs - 2.68 t/h 0.00 t/h $6.33 m/yr $ 0.00m 0.0 yrs SC is used instead of SM 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 19.9 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 12.46 MW 0.00 MW

PCS 2SA Ext-01 Use SM steam for reboiler 2E-830 instead of SI steam. $0.66 m/yr $ 0.00m KBC 0.0 yrs - -0.09 t/h 0.00 t/h $0.18 m/yr $ 0.00m 0.0 yrs 0.00 MW 0.0 MW 0.0 t/h 12.0 t/h -12.3 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.40 MW 0.00 MW

PCS 2SA Ext-02 Use SM steam for reboiler 2E-840 instead of SI steam. $0.23 m/yr $ 0.00m KBC 0.0 yrs - -0.03 t/h 0.00 t/h $0.06 m/yr $ 0.00m 0.0 yrs 0.00 MW 0.0 MW 0.0 t/h 4.2 t/h -4.3 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.14 MW 0.00 MW

PCS 2SA Frac-01 Clay Tower 2T-860 feed heating using Benzene Column Ovhd . $0.18 m/yr $ 0.58m KBC 3.2 yrs 31% 0.10 t/h 0.00 t/h $0.28 m/yr $ 0.58m 2.1 yrs 0.00 MW 0.0 MW 0.0 t/h 0.4 t/h 0.5 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.55 MW 0.00 MW

PCS 2SA Frac-02 Clay Tower 2T-860 feed heating with Benzene side-draw stream. $ 0.50m KBC 3.3 yrs 30% 0.09 t/h 0.00 t/h $0.23 m/yr $ 0.50m 2.2 yrs 0.00 MW 0.0 MW 0.0 t/h 0.3 t/h 0.4 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.46 MW 0.00 MW

PCS 2SA Frac-03 Clay Tower 2T-860 Feed heating : Switch SI to SM  $0.08 m/yr $ 0.00m KBC 0.0 yrs - -0.01 t/h 0.00 t/h $0.02 m/yr $ 0.00m 0.0 yrs 0.00 MW 0.0 MW 0.0 t/h 1.5 t/h -1.5 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.05 MW 0.00 MW

PCS 2SA Frac-04 Xylene Column Reboiler : Switch SI to SM $0.10 m/yr $ 0.00m KBC 0.0 yrs - -0.01 t/h 0.00 t/h $0.03 m/yr $ 0.00m 0.0 yrs 0.00 MW 0.0 MW 0.0 t/h 1.8 t/h -1.9 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.06 MW 0.00 MW

PCS 2SP-01 Remote location. To review practicality Switch 2E-980 reboiler from SL to SLL steam $ 0.10m KBC 0.3 yrs 369% 1.96 t/h 0.00 t/h $4.62 m/yr $ 0.10m 0.0 yrs 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 14.5 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 9.09 MW 0.00 MW

PCS 2SP-02 Use C4 Recycle to heat 2R-970A/B feed (before 2E-971A/B). $0.40 m/yr $ 1.00m KBC 2.5 yrs 40% 0.24 t/h 0.00 t/h $0.42 m/yr $ 1.00m 2.4 yrs 1.05 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 1.05 MW 0.00 MW

PCS 2SP-03A Improve UA between 2R-970A/B Feed and Effluent by installing Compabloc (50% to 200% improved UA) $0.45 m/yr $ 3.80m KBC 8.5 yrs 10% 0.27 t/h 0.00 t/h $0.47 m/yr $ 3.80m 8.1 yrs 1.16 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 1.16 MW 0.00 MW

PCS 2SP-03B Improve UA between 2R-970A/B Feed and Effluent by replacing existing 2E-971A/B (2600m2) with twisted tubes 

(40%) improved UA

$0.45 m/yr $ 4.00m KBC 9.0 yrs 9% 0.27 t/h 0.00 t/h $0.47 m/yr $ 4.00m 8.5 yrs 1.16 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 1.16 MW 0.00 MW

PCS 2SP-04A Hot Feed 2E-971A/B via by-passing 2E-997, route C4 recycle directly to 2E-971A inlet $ 0.15m KBC 1.1 yrs 90% 0.08 t/h 0.00 t/h $0.14 m/yr $ 0.15m 1.1 yrs Also consider increasing 2D-962 pressure to allow warmer feed to 2E-971A/B. 0.35 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.35 MW 0.00 MW

PCS 2SP-04B Hot Feed 2E-971A/B via  by-passing 2E-961, route C4s from 2D-961 directly to 2P-962A/B $ 0.15m KBC 1.1 yrs 90% 0.08 t/h 0.00 t/h $0.14 m/yr $ 0.15m 1.1 yrs Also consider increasing 2D-962 pressure to allow warmer feed to 2E-971A/B. 0.35 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.35 MW 0.00 MW

PCS 2SC-01 
Use SLL steam instead of SL steam for 2E-010

$0.01 m/yr $ 0.10m KBC 18.2 yrs 1% 0.03 t/h 0.00 t/h $0.07 m/yr $ 0.10m 1.5 yrs 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.2 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.14 MW 0.00 MW

PCS 2SC-02
Use SLL steam instead of SL steam for 2E-031

$0.01 m/yr $ 0.10m KBC 14.3 yrs 3% 0.04 t/h 0.00 t/h $0.09 m/yr $ 0.10m 1.1 yrs 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.3 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.17 MW 0.00 MW

PCS 2SC-03
Use SLL steam instead of SL steam for 2E-060 

$0.07 m/yr $ 0.10m KBC 1.5 yrs 66% 0.35 t/h 0.00 t/h $0.83 m/yr $ 0.10m 0.1 yrs 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 2.6 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 1.63 MW 0.00 MW

PCS 2SC-04
Use SLL steam instead of SL steam for 2E-070

$0.33 m/yr $ 0.10m KBC 0.3 yrs 330% 1.75 t/h 0.00 t/h $4.13 m/yr $ 0.10m 0.0 yrs 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 12.9 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 8.12 MW 0.00 MW

PCS 2SC-05
Use SLL steam instead of SL steam for 2E-080

$0.11 m/yr $ 0.10m KBC 0.9 yrs 110% 0.58 t/h 0.00 t/h $1.38 m/yr $ 0.10m 0.1 yrs 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 4.3 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 2.71 MW 0.00 MW

PCS 2SC-06 To Study further Use 2R-010C feed stream to provide reboiler heat for Methanol Recovery column 2T-060 $0.18 m/yr $ 0.52m KBC 2.9 yrs 34% 0.14 t/h 0.00 t/h $0.33 m/yr $ 0.52m 1.6 yrs 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 1.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.65 MW 0.00 MW

PCS 2HC4-01 same as 2SC-01-05 Use SLL steam instead of SL steam for 2E-930 $0.41 m/yr $ 0.90m KBC 2.2 yrs 45% 0.32 t/h 0.00 t/h $0.76 m/yr $ 0.90m 1.2 yrs 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 2.4 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 1.50 MW 0.00 MW

PCS1 and PCS2Utility PCS Util-01 To review further Use Optimiser to control header balances $1.54 m/yr $ 0.00m KBC 0.0 yrs - 0.93 t/h 0.00 t/h $1.62 m/yr $ 0.00m 0.0 yrs 4.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 4.00 MW 0.00 MW

PCS Util-02 To check capacity of E-42 if can accommodate to make up duty of BFW to 1SS boilers Reduce PCS-1 dtr pressure to 1.5 kg/cm2 (gauge ?) $0.96 m/yr $ 0.00m KBC 0.0 yrs - 0.58 t/h 0.00 t/h $1.01 m/yr $ 0.00m 0.0 yrs 2.50 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 2.50 MW 0.00 MW

PCS Util-03 Maintenance Plan Improve sealing in APH for F61 Furnaces $0.24 m/yr $ 0.10m KBC 0.4 yrs 242% 0.15 t/h 0.00 t/h $0.25 m/yr $ 0.10m 0.4 yrs 0.63 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.63 MW 0.00 MW

PCS Util-04 No Space  for any additional equipment and high payback Add HP BFW Heater in PCS 1 $0.26 m/yr $ 1.30m KBC 5.1 yrs 19% 0.16 t/h 0.00 t/h $0.27 m/yr $ 1.30m 4.8 yrs 0.67 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.67 MW 0.00 MW

PCS Util-05 Need to confirm steam balance after SDM 2011 Add MP to LP Turbine $5.00 m/yr $ 13.00m KBC 2.6 yrs 38% -0.58 t/h 0.00 t/h $4.95 m/yr $ 13.00m 2.6 yrs -2.50 MW 4.6 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 11.24 MW 0.00 MW

PCS Util-06 Minimize -  not permanent closure Permanently close SU to SM letdown in PCS 1 $0.30 m/yr $ 0.10m KBC 0.3 yrs 300% 0.18 t/h 0.00 t/h $0.32 m/yr $ 0.10m 0.3 yrs 0.78 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.78 MW 0.00 MW

PCS Util-07 Depends upon practicality of implementing SLL Header and amount of power available Install SLL Header and SL-SLL Turbogenerator $3.40 m/yr $ 9.00m KBC 2.6 yrs 38% -0.30 t/h 0.00 t/h $3.38 m/yr $ 9.00m 2.7 yrs -1.30 MW 3.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 7.70 MW 0.00 MW

PCS Util-08 15 MW unit in PCS 1 with 1 boiler shut down is more practical Install new Cogen Plant to replace boilers $18.48 m/yr $ 110.00m KBC 6.0 yrs 16% -4.56 t/h 0.00 t/h $18.09 m/yr $ 110.00m 6.1 yrs -19.60 MW 20.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 40.40 MW 0.00 MW

PCS Util-09 To study - PCS I letdown not high Smaller SU to SH letdown valves in PCS1 to allow improved control $0.41 m/yr $ 0.10m KBC 0.2 yrs 415% 0.25 t/h 0.00 t/h $0.44 m/yr $ 0.10m 0.2 yrs 1.08 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 1.08 MW 0.00 MW

PCS Util-10 To study further Using hotter BFW for desuperheating $0.25 m/yr $ 1.20m KBC 4.7 yrs 21% 0.15 t/h 0.00 t/h $0.27 m/yr $ 1.20m 4.5 yrs 0.66 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.66 MW 0.00 MW

PCS Util-11 To study effect on BFW to furnace since it is 

common supply Reduce BFW Temperature to HRSG

$0.00 m/yr $ 0.00m KBC - 0.00 t/h 0.00 t/h $0.00 m/yr $ 0.00m 0.0 yrs 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.00 MW 0.00 MW

PCS Util-12 Being Implemented Fix 2C-300 to maximise extraction $0.00 m/yr $ 0.00m KBC - 0.00 t/h 0.00 t/h $0.00 m/yr $ 0.00m 0.0 yrs 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.00 MW 0.00 MW

PCS Util-13 Reduce 3SS Deaerator pressure $0.10 m/yr $ 0.00m KBC 0.0 yrs - 0.06 t/h 0.00 t/h $0.10 m/yr $ 0.00m 0.0 yrs 0.25 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.25 MW 0.00 MW

PCS Util-14 Swap HRSG onto 3SS Deaerator and reduce pressure $0.50 m/yr $ 0.10m KBC 0.2 yrs 499% 0.30 t/h 0.00 t/h $0.53 m/yr $ 0.10m 0.2 yrs 1.30 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 1.30 MW 0.00 MW

PCS Util-15 Have to check with boiler vendor. Currently already optimise to operate close to design Reduce 3SS boiler stack O2 (revise control scheme) $0.09 m/yr $ 0.00m KBC 0.0 yrs - 0.05 t/h 0.00 t/h $0.09 m/yr $ 0.00m 0.0 yrs 0.23 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.23 MW 0.00 MW

PCS Util-16 Same as Util 10. Use preheated BFW in desuperheaters $0.00 m/yr $ 0.00m KBC - 0.00 t/h 0.00 t/h $0.00 m/yr $ 0.00m 0.0 yrs 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.00 MW 0.00 MW

PCS Util-17 Increase size of 2E-410 $0.00 m/yr $ 0.00m KBC - 0.00 t/h 0.00 t/h $0.00 m/yr $ 0.00m 0.0 yrs 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.00 MW 0.00 MW

PCS Util-18 BFW pumps rationalisation $0.00 m/yr $ 0.00m KBC - 0.00 t/h 0.00 t/h $0.00 m/yr $ 0.00m 0.0 yrs 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.00 MW 0.00 MW

PCS Util-19 Smaller letdown valves (PCS2) to allow improved control $0.00 m/yr $ 0.00m KBC - 0.00 t/h 0.00 t/h $0.00 m/yr $ 0.00m 0.0 yrs 0.00 MW 0.0 MW 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h 0.0 t/h $ 0.0 m/yr 0.00 MW 0.00 MW

To Study further - exchanger area adequacy, 

exchanger location, steam header and 

replacement costs and savings

To review

Global change- detail review required including 

EOR chest pressure required,  physical location 

of exchangers, exchanger area adequacy, 

condensate back pressure and cost of new 

header, replacement cost for exchanger, control 

valve etc

PCS Implementing in 2011 SDM

Currently 2SS and 3SS BFW system is being 

commoned up to save BFW pumping energy

Same as SA-01

To review

To review

To review in view of proposed revamp case. 2E-

971 is critical and difficult service to design. Only 

proven designs can be considered for equipment 

reliability

To review

Intermittent service. Not good for Process 

integration Option to generate hot water

Global change- detail review required including 

EOR chest pressure required,  physical location 

of exchangers, exchanger area adequacy, 

condensate back pressure and cost of new 

header, replacement cost for exchanger, control 

valve etc

Flare Blowdown

Best one to consider for integration. Others can 

be considered for new hot utility

Economics Emissions

Test Case 

Economics Energy BalanceProject Practicality

Project ID E
n

g
in

e
e

r

Description

Investment Sent Data Sheets

Fuel gas

SH Condensate 

(259°C)

SM Condensate 

(210°C)

SL Condensate 

(150°C)Power SU (100bar) SH (40bar) SM (16bar) SL (5bar)

BFW 

(148°C)
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Opportunity Evaluation System 

◼ Tools
◆ Evaluation of Benefits

➢ Digital Twin (Visual Mesa & Petro-SIM) to Simulate before and after 

improvement

➢ Utility Model to evaluate battery limit economics

➢ RoadMap to evaluate cumulative synergies/conflicts

◆ Evaluation of Costs

➢ Cost Estimating Tools and Database

31
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Overall Filtering and Ranking

32
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RTO Digital Twin : Energy real time optimizer (ERTO)

33

External
Utilities 

Contracts

Emissions 

Regulations

Energy and 

Emissions 

KPIs 

Monitoring

Optimum

Operations

Report

INDUSTRIAL SITE

Hydrogen             Fuel                   Steam                  Water            Electricity 

Utilities Systems 

Process

MEASUREMENTS OPTIMUM SET POINTS

CLOSED-LOOP
signals to

control systems

OPEN-LOOP 
advisory reports to

operators

ERTO determines how to manage your energy efficiently and reliably; 

and provides significant cost savings through economic optimization



| Document Number | March 23, 2016 | 

© Yokogawa Electric Corporation

Dynamic RTO

34

On-Line Petro-SIM

Dynamic-RTO (Optimizer)

Process Plant

APC

DCS

Controller 1

Controller 2

３

1/min

1/1hr

OPC I/FOPC I/F

Assay

or

Feed

Properties

Economic

s

SS Gain Update

( If changed )

MV / CV Limit 

ON / OFF Status

Historian

OPT

CV Target
MV / CV Limit + ON / OFF

NLP

LP/QP

1/sec

OPC I/F

1/5-10min

OPC I/F

PACE Application

+Use LP/QP Solver in Shell kernel

+Utilize application of PACE
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APC effectiveness in energy

Utilities Production

Process

Energy

Raw 

Materials

Product

Waste

35

APC allows lower energy consumption through optimizing 

the relevant control loops

Upper limit

Lower limit

Current

Time

Optimization

Recycle

Steam

Cooling

Water

Electricity

Compressed Air

Heating
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APC installed base

36

SMOC:

297 units

33
site

licenses

RQE:

293 units

34
site

licenses

COAST:

106 units

30
site

licenses

MD:

19 units

41
site

licenses

North America

Europe & Africa

Asia

Middle East

Latin America

SMOC: 16 units 8 sites

RQE: 14 units 8 sites

COAST: 1 site

MD: 14 sites  

SMOC: 3 units 

RQE: 1 unit

MD:      1 unit 1 site

SMOC:   41 units 8 sites

RQE:      37 units 8 sites

COAST: 40 units 6 sites

MD:        1 unit 7 sites

SMOC:    33 units 1 site

RQE:       30 units 2 sites

COAST:  45 units 8 sites

MD:         3 units 9 sites

SMOC:    204 units 16 sites

RQE:       211 units 16 sites

COAST:   21 units 15 sites

MD:          14 units 10 sites

As of 1 January 2016
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Your potential benefits

Improve 
Performance 

Increase throughput

Quality viability

Yield increase

Corporate Goal Functional Goals Benefits

Increase 
Margins

Optimize 
Capital

Maintain 
License to 
Operate

Increase 
Revenue

Reduce 
OPEX

Margin 
Improvement

HSSE 
Excellence

Regulatory 
Compliance

Operating 
Expenses

Min. Working 
Capital

Manage 
CAPEX

Working 
Capital

Benefit Assessment by Solutions

Availability

Extend asset's life

Minimize asset's trouble

Improve asset's efficiency

Reduce energy cost

Reduce maintenance cost

Reduce Operations cost

Optimize CAPAX

Increase safety

Gain Operational efficiency

Reduce Emission

1

2

3

4

5

6

7

8

9

10

11

12

13

EMS RTO APC C1

37

Our OPEO drives value for your business
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Summary of Yokogawa KBC Technology Applications

38

Report findings to company management and NEA

Evaluate feasibility with cost benefit analysis

Identify potential EE opportunities

Measure performance of energy consuming systems

Plan for and define scope of assessment

EEOA Basic Scope

Compare Energy Usage With Best 

Technology Designs

Maximise Heat Recovery

TDLSNR800 YEWFLOEJX

Available Technologies

Implementation- Beyond EEOA

D-RTO & APC

”
N

O

x

-20 -10 0 1

0

20

Fuel rich Air rich

O2

CO & 

Combustibles

20

16

12

8

Efficiency

Unsafe CO “Violations” 

CO excursions

Efficiency losses

CO2

I

d

e

a

l

Combsution One
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Sustain Energy Performance

Co-Pilot Services
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Singapore Energy and Sustainability Hub (SESH) 

40

Local team of 

Co-Pilot energy experts

Datacentre and IT 

implementation team

Investment in the next 

generation of analytics and 

apps

◼ Make world class systems 

accessible to medium and 

small scale sites

◼ Use data analytics to dig 

deeper 

for savings

Investment in Singapore 

Energy & Sustainability 

Co-Pilot Hub as a centre 

of excellence
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Service levels – Energy Co-Pilot

41
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Summary
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Summary

Sites with Low Energy Complexity

• Integrated offering of Yokogawa and KBC for EEOA compliance.

KBC is an accredited ESCO/EEOA assessor, that can help secure 

compliance and deliver value.  

• Adequate measurement of energy is an important requirement for 

compliance – Yokogawa instrumentation

• KBC rich experience, tools and methodology -> Add value over just 

compliance

• Yokogawa CombustionONE for improving performance of heaters

• Energy Management system (EnMS)- Visual Mesa Energy Monitor 

• Yokogawa APC

• Automate and Digitalise EEOA reporting

43
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Summary

Sites with High Energy Complexity

• Integrated offering of Yokogawa and KBC for EEOA compliance.

KBC is an accredited ESCO/EEOA assessor, that can help secure 

compliance and deliver value.  

• KBC rich experience, tools and methodology: Best Technology 

Benchmarking, Pinch analysis, Petro-SIM simulation and 

optimization, optimizing cogeneration systems, equipment 

performance benchmarking

• Visual Mesa Real Time Utilities Optimiser – Continually optimize 

steam, power, fuel and hydrogen 

• Yokogawa APC/RTO – Sustain performance

• Yokogawa CombustionONE for improving performance of heaters

• Energy Management system (EnMS)- Visual Mesa Energy Monitor 

• Automate and Digitalise EEOA reporting

• KBC Co-Pilot offering  

44
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Thank You
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