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University of Wisconsin-Madison
• Founded in 1848 as Wisconsin’s land-grant university
• Flagship campus of the 26-campus University of Wisconsin System

• 936-acre main campus (including 300-acre Lakeshore Nature Preserve)
• Largest land owner on Lake Mendota with 4 miles of lakefront

• 9,647 acres statewide including agricultural research stations, 
experimental farms, arboretum lands and other off-campus properties

• Over 45,300 students and 22,400 faculty & staff (67,700 total)
• Over 24 million GSF of conditioned space

• Over 451,000 living alumni worldwide

• $3.2 billion annual operating budget
• Ranked 6th nationally in research funding



UW-Madison Utility Plant Evolution
• Radio Hall 1885 – 1908
• Ag Bulletin 1899 – 1937 
• Service Building Annex 1908 – 1958 
• Charter Street H&C Plant (Cooling - 1966) 1958 – Present 
• Walnut Street H&C Plant 1975 – Present 
• West Campus Cogeneration Plant 2005 – Present
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West Campus Cogeneration Facility

Walnut Street Heating Plant
• 500,000 PPH Steam (Nat. Gas)
• 11,200 Tons Chilled Water (Electric) 
• 9,000 Tons Chilled Water (Steam)

• 400,000 PPH Steam – To UW
• 30,000 Tons Chilled Water (Electric) – 17.0 MW To UW
• 85.4 MW Combustion Turbine Generator (Nat. Gas) – To MGE
• 68.2 MW Extraction/Condensing Steam T/G – To MGE

Charter Street Heating Plant
• 1,100,000 PPH Steam (Nat. Gas)
• 24,000 Tons Chilled Water (Steam)
• 9.7 MW Back Pressure Steam Turbine Generator Approximate Lake 

Intake Location



UW-Madison Campus Utility Summary
• Steam Summary

– 2,100,000 PPH Total (Installed)
– 1,800,000 PPH Firm (Less Largest Unit)
– 1,316,000 PPH Peak (Historical Max)
– 879,000 PPH Peak (Jan 2019)

• Chilled Water Summary
– 74,000 Tons Total (Installed)
– 66,000 Tons Firm (Less Largest Unit)
– 64,000+ Tons Peak (Historical Max)
– 56,000 Tons Peak (Jul 2019)

• Electrical Summary
– 88.7 MW Peak (Aug 2013 Max)
– 82.6 MW Peak (Sep 2016)
– 83.4 MW Peak (Jul 2019)

CSHP

WCCFWSHP



Project Goals
• Reduce operating cost 
• Improve efficiency (in that order)
• Make no significant changes to equipment or hardware 
• Maintain manual operation of the plants- at least in the short 

term
• Find potential areas for improvements to be made later
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Controls Strategy

Existing Control Strategy
• Delta V 

• Steam Chiller controls
• Cooling Tower
• Limited local control loops

• eDNA
• SCADA
• Plant Status Board
• Campus wide data 5 min intervals

• Manual Control
• Chiller start/stop
• Dispatch
• Demand Control

Optimized Strategy
• Delta V

• Predictive Optimization
• Recommended Load
• Plant operating curves

• eDNA (Future Transition to Pi)
• SCADA – UW added points 
• Update Plant Status Board
• Campus wide data 5 min intervals

• Manual Using Predictive Tools
• Hourly/Weekly Load & Demand
• Equipment Dispatch Model
• Execution of Dispatch



Model Billing structure

• Electrical
• Steam vs Gas
• Burdened steam costs

WCCF

WCCE

WSHP
CSHP

17 MW No Demand Charge -
If Generating at Cogen

CAMPUS

MG&E SP-3 
Rate

>17 MW



Model Campus Electricity Use
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Model Chilled Water Use

JanuaryMarchMayJuneJulyAugust



Model Plants
• WCCF
• WCCE
• Combined operation
• Charter Street
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Predictive Optimization
• Equipment Models
• Plant Limitations
• Loads and Weather
• Optimize Overall Plant Energy Efficiency
• Set up control algorithms



Model System
• Demand Control Options

• Steam Driven Chillers
• Loop based TES-

• 4,500,000 Gallons x 4 °F dT ~ 12,500 ton-hrs
• Building TES (~5,500 tons)



Dispatch Model



Set up plant dispatch strategies



Operator training
• Change the focus to different KPIs 
• Get used to the models and tools
• Thermal Storage







Adjusting the model

Weather is predicted/ recorded at beginning of hour

Electrical Demand recorded for max 15 min period in the past hour







Projected Savings

  
2018 
Historical 

Optimized Plant 
Load Sharing % Change 

Demand Costs       

Customer Maximum Demand $450,715 $541,996 20% 

Maximum On-Peak Demand $655,378 $732,424 12% 

WCCF Demand Adder $292,842 $0 -100% 

Energy Costs       

On Peak Energy $146,853 $131,357 -11% 

On Peak Energy $158,589 $115,703 -27% 

WCCF Energy $1,791,861 $1,921,075 7% 

Total Annual Electric Utility Bill $3,496,239 $3,442,555 -2% 

        

CW System Steam Utility Cost  $1,351,239 $1,053,026 -22% 

 $4,847,478 $4,495,581 -7% 

 

Potential 
Savings: $351,897  

 

Strategy 
Savings % on 
Baseline 

Utility Cost 
Avoidance 

WCCFE Savings 14% Electric $143,000  

WCCFOM Savings 8% Electric $144,000  

CSHP Savings 
8% on Steam 
4% on Electric $201,000  

Demand Shifting Savings 
9% On-Peak 
Demand $270,000  

Dispatch Strategy Savings 13% on Bills $352,000  

All Combined (with interactions) 18% on Bills $890,000  
 



Timeline

7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
19 19 19 19 19 19 20 20 20 20 20 20 20 20 20 20 20 20

Model Utility Rates (Elec & CHW)
Confirm limitations and Curves
Implement Load projection Model
Test alternate plant configurations
Ongoing Training
Update Status Screens
Optimize WCCF
Optimize WCCE
Create Operating Curves for CSHP Chillers
Optimize CSHP
Implement Cost Tool
Monitor and Make Adjustments
Physical Plant Changes



THANK YOU!
Questions?

Jeff Pollei, PE
Director of Utilities and Energy Management, University of Wisconsin-Madison

Joe Witchger, PE
Vice President, Mechanical Engineering, HGA – Energy and Infrastructure Group

Brendan Huss, PE
Mechanical Engineering, HGA – Energy and Infrastructure Group


	University of Wisconsin�Campus Chilled Water Optimization- Phase I
	Outline
	Slide Number 3
	University of Wisconsin-Madison
	UW-Madison Utility Plant Evolution
	Slide Number 6
	UW-Madison Campus Utility Summary
	Project Goals
	Slide Number 9
	Controls Strategy
	Model Billing structure�
	Model Campus Electricity Use
	Model Chilled Water Use
	Model Plants
	Slide Number 15
	Slide Number 16
	Predictive Optimization
	Model System
	Dispatch Model
	Set up plant dispatch strategies
	Operator training
	Slide Number 22
	Slide Number 23
	Adjusting the model
	Slide Number 25
	Slide Number 26
	Projected Savings
	Timeline
	THANK YOU!

