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Session Description 

 Smart manufacturing and 
advanced data analytics - key 
to unlocking energy efficiency 

 These technologies can make 
industry more competitive 
through intelligent 
communications systems, real-
time energy savings, and 
increased energy productivity  

 Topics Discussed - building 
automation system, advanced 
energy sub-metering, and 
dynamic energy dashboards 
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Credit: American Council for an Energy-Efficient Economy 
(http://aceee.org/research-report/ie1403) 



Manufacturing Sector & Beyond - Smart Manufacturing 
Technologies Could Impact Other Sectors Too! 
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Reference - Quadrennial Technology Review 2015  

QTR 2015 – Technology Assessment Related to the Smart Manufacturing 

http://energy.gov/sites/prod/files/2015/11/f27/QTR2015-6C-Advanced-Sensors-Controls-Platforms-and-Modeling-for-Manufacturing.pdf
http://energy.gov/sites/prod/files/2015/11/f27/QTR2015-6C-Advanced-Sensors-Controls-Platforms-and-Modeling-for-Manufacturing.pdf
http://energy.gov/sites/prod/files/2015/11/f27/QTR2015-6C-Advanced-Sensors-Controls-Platforms-and-Modeling-for-Manufacturing.pdf
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General Mills is one of the largest food companies 
in the world 

   
 

 Cereal 
 

Snacks 
 

Baked Goods  Meals 
 

 Dairy 
 

• 40,000 employees; 100 countries; 
$18 billion sales 
 
 

http://www.liberte.ca/sn_uploads/0VN___ING___GREC_BLEU_52AC45.jpg


General Mills has Made Significant 
Progress in Energy Reduction 

• $20 million saved in 4 years 
 

• 11% BTU/lb reduction in 3 years 
 

• Energy Engineers in 15 sites 
 

• Developed Internal Continuous 
Improvement Energy Management 
Process and technical solutions 



The plant commits an engineer to be the 
Energy lead, beginning with a metering 

strategy 



Where is the energy used? 

Understanding usage by 
unit op and product 

 

*These are not the actual numbers 

 



Energy loss tools developed for all 
significant energy users in GMI 



Optimizing Significant Energy Users 

• Baseline usage 
 

• Use Loss Tools to optimize unit operations 
– Maintenance 
– Operation 
– Controls 
– New Technologies 
– New innovations added to existing tools to be spread to 

other plants 
 

• Set new aggressive targets 
 

• Sustain performance by eliminating losses 
above target immediately 

– Energy is invisible and losses can go unnoticed for 
extended periods 

 
 

 



Energy is an ingredient to all 
production processes 

• Raw Materials + energy for 
transformation = useful product 

• Manage energy usage the same 
way as raw material waste 

– Actual usage – minimum required for 
product = $ Waste 

 
• Integrate into the way we already 

operate: Zero Loss 
• Energy discussed in production 

meetings just like equipment 
stops, ingredient overuse  



Challenges with common energy 
tracking systems  

• Energy data without 
weather/production context is 
not actionable 
 

• Our production tracking system 
is proprietary, so in order to tie 
energy into it, we developed our 
own internal solution, combining 
multiple external products 



Energy Usage Details: Identifying 
Targets and Troubleshooting Losses 
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Engine Room Management Example 

• Energy Loss of $5M in 1 month 
• Tool will eliminate this loss by enabling immediate action 
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System Level Summary 



Shiftly Energy Management Summary: 
>200 Plant Energy Meters Prioritized in 5 Seconds 

Key Takeaways: The plant overused $1,300 in energy, driven by the System 1, and Unit 
Op 1 and 2. Boiler 3’s efficiency needs to be investigated. 

         System 1           System 2         System 3          System 4 

Unit Op 1 
Unit Op 2 
Unit Op 3 
Unit Op 4 
Unit Op 5 

            



Troubleshooting Summary Example 



How can this tool used to manage 
energy real time? 

• Energy losses prioritized at shiftly 
production meetings amongst stops 
and raw material waste based on 
dollars 
 

• Assigned operations resource uses 
“energy troubleshooting” guide for 
that unit op 
 

• Energy Engineer only involved if one 
of the common solutions does not 
eliminate the loss 

– Freeing his time to work on the next 
innovative solutions 



Examples of energy losses that would go 
unnoticed longer without this system 

• Dryer exhaust dampers stuck in one 
position 

• Boiler O2 sensor out of calibration 

• Equipment not turned off 
immediately 

• Compressed air leaks increased 
• Condensate return system issues 
• Systems not running in “automatic” 
• More refrigeration compressors 

running than required for the load 
 



Questions? 

• Graham.Thorsteinson@genmills.com 
• 770-788-5863 

mailto:Graham.Thorsteinson@genmills.com


Energy Dashboards 
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Energy Dashboards - Driving Operator 

Engagement in Energy 
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Global Energy and Productivity Leader 

© Celanese 
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© Celanese 

 Based in Dallas, 
Celanese employs 

approximately 7,000 
employees    
worldwide 

► Specialty thermoplastics used 
in automotive, electronics, 
medical devices, and aesthetic 
applications 

► Cellulose derivatives like 
acetate tow for filters and  
diacetate films 

► Food ingredients including 
sweeteners and preservatives 

Leverages chemistry, 
material science, and 

applications based on customer 
relationships and insight to 
create unique solutions and 

value 

Materials 
Solutions 
$2.295 BILLION 

NET SALES 

Leverages technology, our 
global production network, 
and a deep understanding of 
global trade flows to create 

value 

► Acetic acid, vinyl acetate 
monomer, and additional 
intermediate chemistries 

► Emulsion polymers for paint, 
adhesives, waterproofing 

► EVA polymers for flexible 
packaging, medical solutions 

Acetyl 
Chain 

$3.503 BILLION 
NET SALES 

CELANESE IS A GLOBAL TECHNOLOGY AND 
SPECIALTY MATERIALS COMPANY 

Celanese operates 
32 manufacturing 

locations.  
In 2015 net sales 
were $5.7 billion. 



Smart Manufacturing - Food for Thought 

► How many folks have an app on their phone which measures data usage, talk 
time and texts 

© Celanese 26 

 Everyone + Actionable information + Real Time  Optimal Operation  

► How many have an app for energy at your plant or business? 

► Need 
‒ Tool that actively measures real time energy usage and targets 

‒ Actionable Information  Real Time  

‒ Engage the key people that manage energy 

Smart Manufacturing is the ability for everyone in the organization to 
have the actionable information they need, at the time they need it, 
so that they can contribute to the optimal operation of the enterprise 

through informed, data-based decision making.    
Ethan A. Rogers  The Energy Savings Potential of Smart Manufacturing - 2014  

Real Time Information – Simple Tool – Engages organization  ~$200/month 

High Complexity – 100s of Inputs – Changing Conditions  



Who Needs to Know? 

© Celanese 27 

► Awareness of energy consumption and cost 
► Understanding of dynamic targets and optimum 
► Recognition and reporting of deviations 
► Adjustment to performance gaps  
► Development of best practices for real-time 

optimization 
► Development of further project ideas 

Engage Everyone in the Organization 

► WHERE are my energy 

consumers? 

► HOW MUCH energy do 

they consume (and what is 

the cost)? 

► WHAT is the optimum at 

any operating condition? 

► WHY do they consume 

what they consume?  

► WHEN do we have a gap 

in performance? … and 

correct it 

► WHAT can we do to 

reduce consumption? 

…and do it! 



What are the Priorities of an Operator on Shift? 

►Safety 
‒ Occupational and Process Safety 

‒ Environmental Spills and Release 

© Celanese 28 

Increase the Focus on Energy without Sacrificing Other Priorities 

 
►Production 

‒ Rates, Volume targets 

►Quality 
‒ Product Specifications 

►Stable Operations 
‒ Quiet Shift 

►Energy Optimization 
‒ Operators know the importance of energy efficiency, but … 

‒ Lower priority than other things 
‒ Did not have the tools to understand detailed energy performance 

..…
 



What is an Energy Dashboard? 

► Continuous display of real time energy 
consumption / cost  indicators 

► Drill down capability to key energy drivers 
► Integrated with quality and production 

metrics incorporated in the plant controls 
systems  

► Dynamic energy limits and key variables 
affecting energy are identified through 
statistical modeling / engineering validation 

© Celanese 29 

Effective tool for engaging operators in  
energy consumption and cost 

Actionable Information – Real Time 

What is measured improves.  
 P. Drucker 



How Do We Determine the Limits? 

© Celanese 30 

► Limits for factors change with rate, 
load, other factors… (Dynamic) 
     This is a major improvement over 

standard dashboards 
► Six Sigma Statistical analysis 

‒ Identify the process variables with 
significant correlation to energy  

‒ Develop a multiple regression energy 
curve – target >80% of variablity 

‒ Establish R/Y/G limits over a range of 
conditions 

► The “right” limits important for  
accuracy AND credibility  

Lower limit 

Violates process 
boundaries 

 
 
 

Upper warning 

Within process 
boundaries but with 

bad energy 
efficiency 

. 

Upper  limit 

Violates process 
boundaries and 

has a bad energy 
efficiency 

 

Within process 
boundaries and 
energy efficient 

 
 

Advanced Data Analysis - Dynamic ranges based on statistics 

Regression Analysis:  Steam vs. Production Rate, Reflux, etc.  
 
The regression equation is 
steam = 1800 + 4292 production rate + 0,008 reflux 
[kg/h] + 1,82 T bd 53 + 8,60 1/T(2480) + 5,07 c(RM1) 
2480 [%]  - 334 R 
 
S = 0,00395544   R-Qd = 97,0%   R-Qd(kor) = 95,8% 



Actionable Information 

Yet another senseless tool ? 

© Celanese 31 

BEFORE: 
‒ Operators know the importance of energy 

efficiency, but had no way of knowing 
performance 

‒ Opportunities to correct problems and 
increase efficiency are “missed” 

NOW: 
• Operators can see “Real Time” if the 

energy consumption is at the dynamic 
optimum – “In the Green” 
 

• Operators can drill down into the process 
to see the drivers of any deviations 
 

• Operators can diagnose and correct 
problems and initiate actions to move 
toward the optimum 

Actionable Information  Optimal Operation 



What Does it Take? 

Implement 

• Create and Implement Dashboards 
• Develop Exception Report 
• Create Shift and Management Reporting Formats 
• Train and Documentation 

Sustain 

• Daily Report out 
• Best practice – Corrective Action 
• Regular Project Meetings to Drive completion 
• Incorporate Energy into Leadership Updates 
• Sustainability Checklist 

Evaluate 

• Process Mapping of Key Consumers & Producers 
• Statistical Modeling of Energy Intensity 
• Process Expert Validation of Models 
• Engage Supervisors and Engineers 
• Site Energy Team Developed 

Phase Deliverables Site Resources 
Unit Engineer  
Site Green / Black Belt 
Subject Matter Experts 
Operators 

Unit / Control Engineers 
Operators 
Unit Supervisors 

Operators  
Unit Supervisors 
Site Energy Team 

Everyone in the Organization 

© Celanese 32 



How Do We Sustain the Dashboard Process?  

© Celanese 33 

Cadence  Sustainability 

Awareness  Accountability  Continuous Engagement 

Date KPI Exception Type Gap Action PPR Review Comments

6/10/2015 T101 Energy
T101 extraction tower exceeding 

optimum energy usage by 5% 
based on feed rate. 

Lowered reflux FIC-101   by 
3%

JR DR
Action only partially effective. 

Improvement would be to adjust bottom 
temperature also by 1 Deg C

6/12/2015 HE302 Energy
Heat transfer rate below target 

when rate reduced
Optimized cooling tower 

pump configuration
AB JC

Action Effective - Best Practice. Capture 
and communicate to all shifts

6/12/2015 Startup Energy
Exceeded optimum range during 

startup of spare cooling tower
Improve startup procedure 

to reduce cutover time 
DA JC

Assign to Team A and process control 
engineer

► When energy deviations occur operators 
diagnose the problem and document an 
exception report  

► Shift operators report the performance 
from the last shift / day at shift handoff  

► Energy dashboard is part of the daily 
morning meeting cadence 

► Best Practice Root cause  Action 
determined and shared 

► New Projects developed 
‒ Often NO/Low Capital 

Green = # Hours Unit runs 
Energy Efficient (h) 

Blue = Cumulative Steam 
consumption above limit  [t] 

Yellow  = Cumulative Steam 
Consumption below limit [t] 



Benefits 

►Single Site Savings:  
‒ Real Time Action to Optimal Operation 

‒ $300K  annual savings 
‒ Visibility to real-time energy consumption using dashboard 

‒ Identified Energy Project Opportunities  
‒ Over $1.5 MM 
‒ Most with No/Low Capital 

►Best Practice Sharing 
‒ 8 Other sites in various stages of development 
‒ Using same model for performance 

►A long-term effort; not once-and-done 
‒ Model updates when the plant changes 
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There is no good idea that can’t be improved on 
Michael Eisner 



Intent Clarification 
►THE DASHBOARD IS INTENDED TO: 

►Bring focus on energy efficiency to the unit and operator level.  
Safety, productivity and quality remain the TOP Priority 

►By regular use, along with exception reports, drive incremental 
continuous improvement in energy efficiency 

►With help from the Energy Management Team, find opportunities 
to improve energy efficiency by finding optimization project 
opportunities 

►Help operators and supervisors understand the balance between 
energy, safety, productivity and quality 

 
►THE DASHBOARD IS NOT INTENDED TO: 

►Make energy a priority over quality, productivity and process safety 
►Promote constant “tweaking” of the process 
►Set expectations that operators solve all the energy problems on shift 

or react to all “Red” conditions. 

© Celanese 35 



Energy Dashboards - Takeaway 

► Understanding and Engagement at all levels is critical to energy success 

► Operators are an underutilized resource for energy management 

► Dashboards provide a tool for measuring real-time energy use, dynamic gap analysis and action 

from operators 

► Energy targets are dynamic and developed from statistical regressions of actual plant data 

► Daily cadence from operations keeps them engaged and keeps it sustainable 

► Other improvement projects identified – Many No Low Capital 

► Dashboards are not intended to make energy a priority over quality, productivity and process 

safety 
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Everyone + Actionable information + Real Time  Optimal Operation  

Smart Manufacturing is the ability for everyone in the organization to 
have the actionable information they need, at the time they need it, 
so that they can contribute to the optimal operation of the enterprise 

through informed, data-based decision making.    
Ethan A. Rogers  The Energy Savings Potential of Smart Manufacturing - 2014  



Questions 
Contact Information: 
David Reid 
Global Energy and Productivity Leader  
david.reid@celanese.com 
 
© Celanese 2016 
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Building Automation Systems 
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LEED for Existing Factories: 
ThyssenKrupp Elevator LEED Gold Certification 
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LEED for Existing Factories: 
ThyssenKrupp Elevator LEED Gold 
Certification 



LEED Gold Certified Factory 





























Energy and Atmosphere – Energy 
Performance 
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Energy and Atmosphere – Energy 
Performance 



Energy and Atmosphere – Energy 
Performance 







Indoor Environmental Quality 

























Thank you! 
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