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Presenter
Presentation Notes
Good afternoon.  I am an educator and reserarcher at City University of NY with an interest in plant operations and operators.  I will present to you a case study of a successful performance  monitoring project with striking results, in terns of both plant and operator performance.  I will try to identify what in the information design made this possible. This presentation would not of course be possible without the collaboration of those doing the actual work…..



Feedback Concepts
Man-Machine Interaction in Building System 
Monitoring and Performance Improvement

• Human Factors engineering – operating a building 
becoming more like flying a plane 

• Provide an effective supervisory function over 
automated processes

• Avoid Information Overload

• Use Energy as a Key Success Factor

• Enable “drill-down” and multi-variate analysis

Presenter
Presentation Notes
The basis of what I’ll discuss lies in Human Factors Engineering.  After a period of time when our automation paradigm seemed to want the Operators to do less, now it seems we might consider operating a building to be more like flying a plane or sailing a boat.  The performance system I will describe provided an effective supervisory layer over the already automated plant processes.  An important element in this supervisory layer is the simplicity, even elegance, of its information design.   Information Overload is avoided.   A small number of Key Success Factors are identified, led by Energy Efficiency.  To use the sailing analogy, this factor functioned as a tell-tale for the operators.   But while a single key factor provided guiding feedback, the system also enabled easy access to extensive deeper information that could be defined on a custom-basis and viewed graphically, as “Drill-down”.  



Changing Landscape of 
Metering and Data Acquisition

• Digitalization 

• Data interoperability

• Wireless

• Web-based viewing

• New technology makes new forms of data 
acquisition and monitoring feasible

Presenter
Presentation Notes
Operators still walk around their plants each shift with clip-board mounted data sheets.  We still want them to use their eyes and ears and noses to be conscious of equipment conditions.   But we are also alll aware that instrumentation, metering and data acquisition technology has changed dramatically over the last decade ……These new aspects of technology have made new forms of data acquisition and monitoring feasible.  



Case Study of a Chiller Plant 

• Memorial SloanKettering Cancer Center in New York City 

• Multi-building campus, 1.17 million square feet

• 6,000 ton steam-turbine chiller plant 

– Primary, secondary and tertiary pumped loops

– > $4 million in annual steam cost 

• Operational Improvement from a retrofitted Monitoring 
System that makes Key Performance Data available to 
Operators

Presenter
Presentation Notes
The case study site is a large urban hospital …… Significant operational improvements were achieved on the basis of a retrofitted Monitoring System.   So just what was done?  



Monitoring System Overlay

• Added flow 
points (13)

• temperatures 
from BAS

• Stand-alone 
monitoring 
system

• Remote 
support with 
full viewing

• $167,000 in 
capital cost + 
$50,000 
annual

Presenter
Presentation Notes
A stand-alone monitoring-only system was created, “overlaid” if you will, on top of the existing instrumentation and BAS.   The added system has no control capability ……Bullets A key result was a data type previously unavailable to the operators -- indication of energy and efficiency, expressed in terms of LBs / TON. 



Entry Screen - Key Data Impossible to Miss

Key current performance data in 
easy format

New reads: tons and steam 
flow, steam rate

Operators readily see key 
performance outcomes – gain 
new awareness of priorities

Presenter
Presentation Notes
The operator enters the system at a simple screen that has the key current data prominently displayed.   This is similar to what others have been calling a “dashboard.”  Prominent display of key data is a critical aspect of the information design.   The key metric -- energy per ton -- is impossible to miss.   The constraining requirements -- chilled water temperature, condenser temperature, and so forth, are assumed in this view to be maintained adequately by the BAS.  This metric is displayed in near R/T.  So it becomes like a sailor’s tell-tale, providing indication of how to trim into the wind.  Operators can make adjustment and see right away how well they are doing.  



Easy “drill-down” to next level

• Click on icon 
to select 
component 
for further 
data

Presenter
Presentation Notes
Important as it is to have a small set of clear “Key Indicators” , well thought out for the system and for a given strategic purpose,  it is also important to have easy, effective access to  and display of more detailed data, for what has become known as “drill-down.”  Icon-clicking has become a familiar mode.  We adapt to it intuitively.  Nothing particularly novel here, as this is the current mode for most BAS. 



Again, key data in easy format

• Pre-
configured 
data output

• Next level 
allows 
configurable 
data

Presenter
Presentation Notes
It is at the next level, of customized, configurable data, that we find information design beyond what is usually easy to do with BAS interfaces.  



“Drill-down” 
via Selectable Multivariate Data

• Easy selection 
from drop-down 
“pick-list”

• Allows 
specification of 
time period for 
review

Presenter
Presentation Notes
Pick-list and time-period specifications need to be easy to use if operators are going to use them.  



Selectable Multivariate Data 

• Rich data 
available for 
“drill-down”



Selectable Multivariate Data –
Automatic Graphing

• Multi-variate 
graphing as a 
standard 
presentation 
format

• Powerful for 
operators to see 
relationships

• Develop and test 
hypotheses



Another example of significant 
multivariate observation

• Chiller 4 
more 
efficient 
at light 
load

• Control 
upgrade 
issue

Chiller 1  vs  Chiller 4 Efficiency Data at Varying Loads



Operator Response

• High degree of involvement, use, and learning

• Communication between operators

• Remote support encourages interactivity

• Improved job satisfaction and performance

• Identification of needs for new controls



Early Operator-driven 
Operational Improvements

• Refrigerant Charge 

• Chiller Staging 

• Individual Chiller Efficiencies

• Condenser Temperatures 

• Water-side Economizer



Data Availability:  Immediate Impacts
• Having performance 

data resulted in 
immediate actions and 
impacts

• Numerous operator 
stories

• $100,000 / mo savings
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Monthly Efficiency Baseline Efficiency

Chiller Steam Chiller Baseline Average Chiller Baseline
# Output Usage Efficiency Efficiency Cost Operating Operating

From To Days Ton-Hrs Mlbs lbs/Ton lbs/Ton $/Mlb. Cost Cost $ %
12/26 1/26 15.440            
1/26 2/26 15.440            
2/26 3/27 15.440            
3/27 4/25 15.440            
4/25 5/25 15.440            
5/25 6/26 15.440            
6/26 7/26 13 962,205      12,897        13.404          15.440            17.23$               222,215.31$      255,976.55$      33,761.24$         13.2%
7/26 8/24 29 2,400,368   30,556        12.730          15.440            17.54$               535,876.23$      649,966.74$      114,090.51$       17.6%
8/24 9/25 32 2,291,842   26,753        11.673          15.440            14.86$               397,556.05$      525,845.12$      128,289.07$       24.4%
9/25 10/24 29 1,930,290   22,973        11.902          15.440            17.61$               404,573.12$      524,856.44$      120,283.31$       22.9%

10/24 11/27 34 588,241      5,484          9.323            15.440            23.60$               129,418.98$      214,324.20$      84,905.22$         39.6%
11/27 12/26 15.440            

Total  137 8,172,946   98,664        1,689,639.70$   2,170,969.05$   481,329.35$       
Average  31 1,634,589   19,733        12.072          15.440            17.80$               337,927.94$      434,193.81$      96,265.87$         23.5%

Memorial Sloan Kettering- Chiller (Mechanical Cooling) Performance Report

2007
Savings
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		UtiliVisor® Chiller & Plant Monthly Cost Report																										NOVEMBER 2007

						Memorial Sloan Kettering- Chiller (Mechanical Cooling) Performance Report

												Chiller		Steam		Chiller		Baseline		Average		Chiller		Baseline		Savings																																				Chart Information

						2007				#		Output		Usage		Efficiency		Efficiency		Cost		Operating		Operating

						From		To		Days		Ton-Hrs		Mlbs		lbs/Ton		lbs/Ton		$/Mlb.		Cost		Cost		$		%

						12/26		1/26										15.440																																														0						Jan		$   - 0		$   - 0		Jan				15.440

						1/26		2/26										15.440																																														0						Feb		$   - 0		$   - 0		Feb				15.440

						2/26		3/27										15.440																																														0						Mar		$   - 0		$   - 0		Mar				15.440

						3/27		4/25										15.440																																														0						Apr		$   - 0		$   - 0		Apr				15.440

						4/25		5/25										15.440																																														0						May		$   - 0		$   - 0		May				15.440

						5/25		6/26										15.440																																														0						June		$   - 0		$   - 0		June				15.440

						6/26		7/26		13		962,205		12,897		13.404		15.440		$   17.23		$   222,215.31		$   255,976.55		$   33,761.24		13.2%																																				1						July		$   222,215.31		$   255,976.55		July		13.404		15.440

						7/26		8/24		29		2,400,368		30,556		12.730		15.440		$   17.54		$   535,876.23		$   649,966.74		$   114,090.51		17.6%																																				1						Aug		$   535,876.23		$   649,966.74		Aug		12.730		15.440

						8/24		9/25		32		2,291,842		26,753		11.673		15.440		$   14.86		$   397,556.05		$   525,845.12		$   128,289.07		24.4%																																				1						Sept		$   397,556.05		$   525,845.12		Sept		11.673		15.440

						9/25		10/24		29		1,930,290		22,973		11.902		15.440		$   17.61		$   404,573.12		$   524,856.44		$   120,283.31		22.9%																																				1						Oct		$   404,573.12		$   524,856.44		Oct		11.902		15.440

						10/24		11/27		34		588,241		5,484		9.323		15.440		$   23.60		$   129,418.98		$   214,324.20		$   84,905.22		39.6%																																				1						Nov		$   129,418.98		$   214,324.20		Nov		9.323		15.440

						11/27		12/26										15.440																																														0						Dec		$   - 0		$   - 0		Dec				15.440

								Total		137		8,172,946		98,664								$   1,689,639.70		$   2,170,969.05		$   481,329.35																																				Total		5

								Average		31		1,634,589		19,733		12.072		15.440		$   17.80		$   337,927.94		$   434,193.81		$   96,265.87		23.5%

				Memorial Sloan Kettering- Plant (Mechanical & Free Cooling) Performance Report

										Chiller		Steam		Chiller		Free Cooling		Free Cooling		Baseline		Average		Plant		Plant Baseline		Savings																																Chart Information

				2007				#		Output		Usage		Efficiency		Ton-Hrs		Ton-Hrs		Efficiency		Cost		Operating		Operating

				From		To		Days		Ton-Hrs		Mlbs		lbs/Ton		(Any OAT)		(OAT>/=42)		lbs/Ton		$/Mlb.		Cost		Cost		$		%

				12/26		1/26														15.440																																										0						Jan		$   - 0		$   - 0		Jan				15.440

				1/26		2/26														15.440																																										0						Feb		$   - 0		$   - 0		Feb				15.440

				2/26		3/27														15.440																																										0						Mar		$   - 0		$   - 0		Mar				15.440

				3/27		4/25														15.440																																										0						Apr		$   - 0		$   - 0		Apr				15.440

				4/25		5/25														15.440																																										0						May		$   - 0		$   - 0		May				15.440

				5/25		6/26														15.440																																										0						June		$   - 0		$   - 0		June				15.440

				6/26		7/26		13		962,205		12,897		13.404		- 0		- 0		15.440		$   17.23		$   222,215.31		$   255,976.55		$   33,761.24		13.2%																																0						July		$   222,215.31		$   255,976.55		July		13.404		15.440

				7/26		8/24		29		2,400,368		30,555		12.729		- 0		- 0		15.440		$   17.54		$   535,856.25		$   649,966.74		$   114,110.49		17.6%																																0						Aug		$   535,856.25		$   649,966.74		Aug		12.729		15.440

				8/24		9/25		32		2,291,842		26,753		11.673		- 0		- 0		15.440		$   14.86		$   397,556.05		$   525,845.12		$   128,289.07		24.4%																																0						Sept		$   397,556.05		$   525,845.12		Sept		11.673		15.440

				9/25		10/24		29		1,930,290		22,973		11.902		- 0		- 0		15.440		$   17.61		$   404,573.12		$   524,856.44		$   120,283.31		22.9%																																0						Oct		$   404,573.12		$   524,856.44		Oct		11.902		15.440

				10/24		11/27		34		588,241		5,484		9.323		399,286		323,566		15.440		$   23.60		$   129,418.98		$   332,214.69		$   202,795.71		61.0%																																1						Nov		$   129,418.98		$   332,214.69		Nov		9.323		15.440

				11/27		12/26														15.440																																										0						Dec		$   - 0		$   - 0		Dec				15.440

						Total		137		8,172,946		98,663				399,286		323,566						$   1,689,619.72		$   2,288,859.54		$   599,239.83																																Total		1

						Average		31		1,634,589		19,733		12.072		399,286		323,566		15.440		$   17.80		$   337,923.94		$   457,771.91		$   119,847.97		27.8%

						2007				Chiller Ton-Hours										Chiller Steam Consumption (Mlbs)

						From		To		#1		#2		#3		#4		Total		#1		#2		#3		#4		Total

						12/26		1/26

						1/26		2/26

						2/26		3/27

						3/27		4/25

						4/25		5/25

						5/25		6/26

						6/26		7/26		290,406		253,847		339,237		78,714		962,205		3,525		3,801		4,394		1,177		12,897

						7/26		8/24		849,743		318,343		596,384		635,898		2,400,368		10,544		4,612		7,900		7,499		30,555

						8/24		9/25		902,782		197,158		315,126		876,776		2,291,842		10,710		2,684		4,207		9,152		26,753

						9/24		10/24		730,949		1,076		412,196		786,069		1,930,290		9,267		17		5,554		8,136		22,973

						10/24		11/27		- 0		33,299		53,545		501,397		588,241		- 0		421		666		4,397		5,484

						11/25		12/26

								Total		2,773,880		803,723		1,716,488		2,878,854		8,172,946		34,046		11,535		22,721		30,361		98,663

								Average		554,776		160,745		343,298		575,771		1,634,589		6,809		2,307		4,544		6,072		19,733

				2007				Steam		Steam		Average

				From		To		Usage		Cost		Cost		CCD

				6/26		7/26		38,730		$   667,215.87		$   17.230		374

				7/26		8/24		36,793		$   645,254.75		$   17.537		372

				8/24		9/25		34,387		$   510,999.14		$   14.860		305

				9/25		10/24		31,599		$   556,472.80		$   17.610		204

				10/24		11/24		23,893		$   563,818.47		$   23.598

				11/24		12/24

						Total		165,402		$   2,943,761.03

						Average		33,080		$   588,752.21		$   18.167
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Interpreting Early Results

• Conjoint Man-Machine Systems provide superior results

• Short, fast feedback loops that incorporate Operators

– “trim” system for dynamic operating conditions

– Find improved operating points

– Better decision-making about equipment starts and 
sequencing

• Powerful learning with documentation of results



Questions?

Michael Bobker
michael_bobker@baruch.cuny.edu
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