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• Importance of collaborative A&E energy modeling  

• Why improved insulation sometimes doesn't matter 

• Better understand controls systems 

• Understanding the options and operation for energy recovery devices  

UVM STEM: Learning Objectives 



• Design Challenge – Efficiency with 100% out door air; No Cross Contamination – collaborative process 

• STEM Project Overview 

• Design process: A+E+Owner 

• Energy Modeling 

• Selected Systems and Operation 

• Current Energy Performance 

• Thoughts for the future 

• Questions and Discussion 
 

 

UVM STEM: Presentation Overview 



UVM STEM: Site Pre-construction 



UVM STEM: Site During Construction 



Central  
Campus/ 
Historic  
Core 



From Cook to STEM 
• Renovate or Rebuild 

• The need for updated 
chemistry facilities 

• Decision making process 

• Criteria  

• Cost Comparison 

 

 

 

 

 
Cook Building 



From Cook to STEM 
• Outdated facilities 

• Lack of natural light 

• Low Floor to Floor 

• Rigid layout 

• Heavy CIP Construction 

• Difficult to renovate 

 

 

 

 

 



UVM STEM: Innovation & Discovery 
• 180,000 SF 
• 100% Outdoor Air 
• Teaching/ Research Lab. 
• Chemistry, Physics 
• Engineering, Mathmatics 
• 5 Stories + Penthouse 
• 149 Fume Hoods 
• Lecture Halls 
• Classrooms 
• Faculty/ Admin Offices 
• Conference + Work Spaces 
• Pedestrian connectors 
• Loading Dock 
• Campus Central Plant  

• Steam/ Chilled Water 
• 2013 Design Start 
• 2015 Construction Start 
• 2019 Construction Complete 

 
 

 

https://streaming.uvm.edu/stem/embed_stem.php?id=2
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Historical Context 



The Design 

• LEED Silver Target 

• Steel frame with brick 
cavity wall construction  

• Curtain wall for all glazed 
openings 

• Vermont Slate roof with 
ventilated roofing system 

• Large gutters to capture 
snow and provide roof 
drainage 

• Aesthetic and scale 
compliment the historic 
buildings to the west that 
front the campus green 

 

 



The Design 

• Phased Construction 
• Separation of lab and 

classroom wings for 
redundancy of systems  

• Lab wing is organized 
with a central corridor 
with lab spaces on each 
side 

• Admin/Classroom wing 
has an offset corridor 
with offices on the west 
with larger function 
areas on the east 

 
 



The Design 

• Vertically, the electrical 
room, plumbing and wet 
mechanical, water 
service and specialized 
Clean Room are housed 
in basement 

• Levels 1-4 alternate 
between Research Labs 
and Teaching Labs on 
each floor 

• Mechanical in the 
Penthouse 

 



The Design  

• The Connector between 
the Lab and Classroom 
Wings has lobby space, 
club space, and 
conference rooms 

• Offset floor plates on 
levels 3 & 4 due to 
higher floor-to-floor 
required in Lab Wing 

• HVAC in Penthouse  

• Elec, Plumb, Water 
Service in Basement  

 

 



The Design 

• The design and layout 
developed with 
functionality and efficiency 
of HVAC systems in mind. 

• Exhaust Enclosures express 
and accommodate high 
ventilation 

• The cladding system of the 
penthouse provide 
flexibility of louver layout 
and size 

• Each space has access to 
natural light to minimize 
need for  electric lighting.   

 

 

 



• Owner Project Requirements (OPR) 
• Basis of Design (BOD)  
• Extensive Design Reviews over multiple phases 

• Schematic Design 
• Design Development 
• Construction Documents at 50%, 85%, 100% 

• Selection and maintainability 
• Submittal Review-controls approach 
• Life cycle costs analysis – include maintenance, parts, labor – full picture. 
• Overall Energy Consumption! 

• Triple bottom line:  Social. Environmental. Economical.  
 
 

 

 

 

Design and Review Process 



The Design Phase-Major Systems and Considerations 

• High Performance Heat Recovery System 

• Exhaust System 

• Supply System 

• Ductless fume hoods  

• Chilled Beams  

• Lab Systems and Controls 

• Lighting Controls 

• Building Envelope 

• Redundancy of Critical Systems 

 

 

 



The Supply System 
• Redundancy 

• North and South Units 75,000 CFM each 
• Cross Connect Dampers 
• Oversized Steam Snow Melt Coil  
• 6 Supply Fan Array 

• High Efficiency Heat Recovery 
• 100% Outside Air 
• Combined Heat Recovery and Preheat 
• Energy Savings from reduced coil pressure to overcome 

• Controls 
• Fans modulate to maintain static pressure 
• Demand static pressure reset based on call in space 
• Reduced Air Change Rates for unoccupied 

• Accessibility and Ease of Maintenance for Critical Equipment 
 

 



The Exhaust System 

• 149 Exhaust Hoods 

• Re-entrainment Analysis 

• Maintaining the plume velocity 

• Exhaust Fans  
• Two systems 
• 3 fans each - Modulate  
and rotate based on sequence 

• Controls - Necessity 
• Fans modulate to maintain minimum plume 
• Demand static pressure determines number of fans and speed to maintain setpoint 
• Rotate based on manual selection 

 

 



Energy Opportunities: Exhaust Dispersion Analysis 



Energy Opportunities: Prevailing Wind Study 



Redundancy of Critical Systems 

 

 

• Sizing 
• Multi Coil / Spare Coil 
• Fan Array 
• Cross Connect AHUs 

 
 

• Dual Pumps 
• Emergency Power 

 
 



Lab Systems & Controls 

• ACH 6 occupied/4 unoccupied 

• Multiple supply/exhaust/hood air valves 

• Supply tracking exhaust based on offset 

• 80-85 fpm hood face velocity 

• High performance hoods for capture 

• Integration with Lighting Control and motion sensors for 
occupancy 

• Controls & 3rd Party Integration 

 

 

 

 



Energy Opportunities 
 

• Envelope 

• Lighting 

• HVAC Zoning 

• Hydronic Cooling 

• Reduce Air Changes 

• Energy Recovery options 

• Separate hot water loops for reheat, preheat, and perimeter heat  

• Low Pressure ductwork 

• Wind Analysis 

• Controls 

 



Primary Chemical Filter 

Fan Box & Detection Area 

Safety / Back-up Filter 

Light, Diffuser & Pre-filter 

HEPA Filter (optional) 

Air 
Flow 

Energy Opportunities: Filtered Fume Hoods 



FILTERED FUME HOOD 

• Filters fume hood exhaust and returns air to 
laboratory space 

• Tested to U.S. + European safety standards 

• Significant exhaust and make-up air ductwork 
installation cost savings 

• Easy filter replacement (third-party filter 
replacement program also available) 

• Sash position detection system and air quality 
monitoring system with alarm 

• Back-up filter provides redundancy for safety 

Filtered Fume Hood Considerations 



• 3 Teaching Labs with 10 
hoods in each Lab 

• Compared traditional fume 
hood with a 10 year Life 
Cycle Cost 

• Compared utility usage 

• Maintenance time and 
materials 

• Energy Savings 

• 10 year payback 

• Flexibility 

 

 

 

 

Filtered Hood LCCA 
Option 1 Compared to baseline analysis 



• Traditional Glycol Run-Around 

• Konvekta 

• Enthalpy Wheel 
• Carry Over Analysis-RWDI 

• Heat pipe 

• Plate HEX 

Energy Recovery Options 



High Performance Heat Recovery System 
• Konvekta System optimizes heating and 

cooling recovery 

• Coil Design 

• Heat Recovery and Heating Coils combined 
• Decreased pressure drop 
• Energy Savings 
 

• Konvekta Skid 

• Customization 
• Cold weather start-up  
• Interface with Controls 

 

• Remote Support/Energy Guarantee 

• Compare to traditional Glycol systems.  
 



• Similar to glycol energy recovery, except 
higher effectiveness 
•  70% sensible effectiveness or higher is possible 

 

• Can be enhanced to further increase 
performance and  reduce building energy 
consumption 
• Central reheat heat recovery 
• Snow melt coil 
• Evaporative cooling heat rejection 

 

• Enhanced – with Evaporative Cooling 

Energy Strategies: Konvekta 



Concerns… 

• User Adjustability – low  - go to user adjustability.  

• Access to performance Trend data. 

• Interface with BAS 

• Freeze Protection Safeties 

• Corrosives 

• Commissioning Process 

• Snow Melt Integration 

• Frost Control 

• Company location ( Switzerland)  

• Snowmelt coils sized for redundancy 

• Snow management system – plenum entrainment 



Heat Recovery Flow Diagram @ -20F 



Heat Recovery Flow Diagram @ 30F 



 

 

 

 

Konvekta LCCA 



 

 

 

 

Traditional Heat Recovery – can’t get there from here 



Konvekta Energy –  
Measured Performance at STEM 
• l 

 

 

 



Energy Modeling Projected Energy Cost Savings 



Lighting Controls 

 

 

• High efficiency LED lighting 
fixtures and lamps (33.3 % 
better than ASHRAE 90.1)  

• Occupancy sensor based 
lighting & VAV control in 
most areas  

• Daylight dimming controls in 
perimeter areas 

 



Lighting Performance 



Building Envelope 

• Walls – R14.7 
Continuous 

• Roof – R35 
Continuous 

• Curtain wall – U 0.35 

• Window-to-Wall 
Ration= 16% 



More Insulation = Better….Usually 

• Evan to add info 



Details - Thermal Analysis 



High Performance Air Barrier - Testing 



High Performance Air Barrier - Mockup 



Building Envelope – Installation & Testing 



Benchmark Statistics for Peer Facilities

Total Building kBTU/gsf-yr (site)

Min Avg Max Count

70.45 344.44 853.48 333

Lab area ratio 0.00-1.00

Occupancy hoursBoth

Lab type Chemical, Biological, ChemicalBiological

Lab uses Research/Development, Manufacturing, Combination/Others, Teaching

Climate zones 4A, 4B, 4C, 5A, 5B, 6A, 6B

How STEM Stacks Up 
Labs21 Benchmarking 

Labs21 AVG = 
344 EUI 

STEM = 188 EUI 
PREDICTED 

STEM Energy 
Model Baseline 
= 253 EUI 



Electrical Energy Comparisons Jeffords Research Bldg. 

114,000 SQ FT 

Health Science Research Bldg. 

STEM Discovery Bldg. 

$ 4.14/SQ FT 

97,000 SQ FT 

125,000 SQ FT 

$ 3.88/SQ FT 

$ 2.72/SQ FT 



Steam Performance Comparison  
Health Science Research Bldg. 

125,000 SQ FT 114,000 SQ FT 

STEM Discovery Bldg. 

Peak Steam 1,000-3,000 LB/HR Peak Steam 300 - 500 LB/HR 



Moving Forward 
Evolving Energy Codes - New Technologies - Flexibility/ Adaptability - 
Automation & Monitoring - Collaboration 

 

Highly ventilated building types include: Manufacturing  Foodservice    Restroom    Production   Automotive  + more 

 



Questions and Discussion 
• Lynn Wood, Davis Zone Manager, University of Vermont  802-656-8864 

• Bryan Rydingsward, PE Engineer, BR+A 617-925-8225 

• Evan Champagne, Project Architect, Freeman French Freeman 802-864-6844 

• Alex Halpern, Principal In Charge, Freeman French Freeman 802-864-6844 

Overall Design Team 

The University of Vermont – Owner 

Freeman French Freeman - Architect of Record 

Ellenzweig – Design Architect & Lab Planner 

BR+A - MEP Engineers 

RWDI – Air Quality/ Wind Analysis 

LeMessurier – Structural Engineer 

Krebs & Lansing – Civil Engineer 

SE Group – Landscape Architect 

Acentech – Acoustical & Vibration Engineer 

Cavanaugh Tocci Associates - Audio Visual Consultant 

 

 

 

 


