
Laboratories Project Team 

Activities, Member Stories, Lessons Learned 
 



Agenda 

 Welcome and Introductions (10 mins) 

 Overview 2012/2013 labs team activities and products (Paul Mathew, LBNL) (10 mins) 

 Lab team member “show and tell”  (30 mins) 

– What you set out to implement from four labs team activities (or related efforts) 

– What worked, what didn’t 

– Results and key takeaways 

 Group discussion: lab team activities going forward (25 mins) 

– What are member “pain points”? 

– Where can we make a big impact beyond current activities? 
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Laboratory Team Members 



1. Shut the sash 

Fume hood sash management 

 

2. Spare the air 

Optimize minimum air change rates 

 

3. Just say no to reheat 

Reduce simultaneous heating & cooling 

 

4. Ease the freeze 

Laboratory freezer energy management 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2012/13 Focus on Four High-Impact Measures 

Impact of Sash Management Training on Airflow Ratio 

Duke University Lab Module
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Sash management

training 7/7-8

Post-training avg = 1.64

Pre-training avg = 1.89



Fume hood Sash Management  

Guide and Resource Kit 

 Sash Management Guide provides step-

by-step guidance on how to run a sash 

management campaign or competition 

 Resource kit includes BBA member 

examples of: 

– Campaign posters 

– Sash stickers 
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Available at BBA labs team website:  

http://www1.eere.energy.gov/buildings/commercial/bba_laboratories_team.html 



Optimizing Minimum Air Change Rates - 

Highlights from BBA Members 

 Highlights how three BBA members optimized 

air changes rates to below 6 air changes per 

hour (ACH) 

– Cornell 

– University of California Irvine 

– University of Colorado Boulder 

 

 Includes spill analysis and energy savings 

 

 Provides key takeaways to optimize ACR 
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Available at BBA labs team website:  

http://www1.eere.energy.gov/buildings/commercial/bba_laboratories_team.html 



Minimizing Reheat Energy Use - Guide 

 How to identify if your lab has a reheat system 

 

 How to determine if reheat is minimized 

 

 How to quantify the amount of reheat 

– Different approaches based on level of 

metering.  

 

 Solutions: Strategies to minimize reheat 
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Available at BBA labs team website:  

http://www1.eere.energy.gov/buildings/commercial/bba_laboratories_team.html 



Ultra low Temperature Freezer  

Energy Management Guide 

 Jointly authored by staff from National 

Institutes of Health and University of California 

Davis 

 

 Includes wide range of strategies 

– Specification and procurement 

– Maintenance 

– Temperature tuning 

– Location and configuration 

– …. 

 Measured energy use data 
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Available at BBA labs team website:  

http://www1.eere.energy.gov/buildings/commercial/bba_laboratories_team.html 



Lab team member “show and tell”  

What you set out to implement from four labs team activities (or 
related efforts) 

 

What worked, what didn’t 

 

Results and key takeaways 
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Looking Ahead: 

What are member “pain points”? 

 

Where can we make a big impact beyond current activities? 
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Laboratories Project Team:  

Strategies for effective collaboration between 

facilities staff, lab users and EHS personnel 
 



Agenda 

 Welcome and Introductions (10 mins) 

 Intro to the labs team (Paul Mathew, LBNL) (10 mins) 

 Two perspectives on implementing efficiency in labs 

– Users (Kathryn Ramirez-Aguillar, CU Boulder) (15 mins) 

– EHS (Tom Smith, Exposure Control technologies) (15 mins)  

 Group discussion: How can facilities, lab users and EHS personnel work 

collaboratively to increase energy efficiency?  (30 mins) 

– Safety and usability are not just “non-energy benefits” – how do we use them as 

the starting point for strategies and technologies that also improve energy 

efficiency? 

– What can the BBA labs team do to support this? 

 Wrap up: Action items and sign ups  (10 mins) 
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Laboratory Team Members 



1. Shut the sash 

Fume hood sash management 

 

2. Spare the air 

Optimize minimum air change rates 

 

3. Just say no to reheat 

Reduce simultaneous heating & cooling 

 

4. Ease the freeze 

Laboratory freezer energy management 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2012/13 Focus on Four High-Impact Measures 

Impact of Sash Management Training on Airflow Ratio 

Duke University Lab Module
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Fume hood Sash Management  

Guide and Resource Kit 

 Sash Management Guide provides step-

by-step guidance on how to run a sash 

management campaign or competition 

 Resource kit includes BBA member 

examples of: 

– Campaign posters 

– Sash stickers 
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Available at BBA labs team website:  

http://www1.eere.energy.gov/buildings/commercial/bba_laboratories_team.html 



Optimizing Minimum Air Change Rates - 

Highlights from BBA Members 

 Highlights how three BBA members optimized 

air changes rates to below 6 air changes per 

hour (ACH) 

– Cornell 

– University of California Irvine 

– University of Colorado Boulder 

 

 Includes spill analysis and energy savings 

 

 Provides key takeaways to optimize ACR 
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Available at BBA labs team website:  

http://www1.eere.energy.gov/buildings/commercial/bba_laboratories_team.html 



Minimizing Reheat Energy Use - Guide 

 How to identify if your lab has a reheat system 

 

 How to determine if reheat is minimized 

 

 How to quantify the amount of reheat 

– Different approaches based on level of 

metering.  

 

 Solutions: Strategies to minimize reheat 
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Available at BBA labs team website:  

http://www1.eere.energy.gov/buildings/commercial/bba_laboratories_team.html 



Ultra low Temperature Freezer  

Energy Management Guide 

 Jointly authored by staff from National 

Institutes of Health and University of California 

Davis 

 

 Includes wide range of strategies 

– Specification and procurement 

– Maintenance 

– Temperature tuning 

– Location and configuration 

– …. 

 Measured energy use data 
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Available at BBA labs team website:  

http://www1.eere.energy.gov/buildings/commercial/bba_laboratories_team.html 



Two perspectives on implementing  

efficiency in labs 

  

Users  
Kathryn Ramirez-Aguillar, CU Boulder 

 

Environmental Health and Safety 
Tom Smith, Exposure Control technologies 
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Group Discussion:  

How can facilities, lab users and EHS work 

collaboratively to increase energy efficiency?  

Safety and usability are not just “non-energy benefits” – how 

do we use them as the starting point for strategies and 

technologies that also improve energy efficiency? 

 

What can the BBA labs team do to support this?  
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CHANGING THE CULTURE: 

Importance of  Engaging Lab Users 

in Lab Conservation Efforts  

BBA Forum – May 2013 

Kathy Ramirez-Aguilar, Ph.D. 

 

Green Labs Program Manager 

Univ. of Colorado - Boulder 

(CU-Boulder) 



Scientists make decisions that… 
 impact existing building operation & consumption 

 drive future research facility needs  

= 
Residential 

Refrigerators 

Chromatography  

Refrigerator 

http://homegardendepot.net/out.php?click_url=aHR0cCUzQSUyRiUyRnJkLmJpenJhdGUuY29tJTJGcmQlM0Z0JTNEaHR0cCUyNTNBJTI1MkYlMjUyRnRyYWNraW5nLnNlYXJjaG1hcmtldGluZy5jb20lMjUyRmNsaWNrLmFzcCUyNTNGYWlkJTI1M0QxMDM3MTkwMDA4JTI2bWlkJTNEMjk5MzElMjZjYXRfaWQlM0QxMzA1MDkwOSUyNmF0b20lM0QxMDU1MSUyNnByb2RfaWQlM0QlMjZvaWQlM0QyNjIyMTY1MzAxJTI2cG9zJTNEMSUyNmJfaWQlM0QxOCUyNmJpZF90eXBlJTNEMCUyNmJhbXQlM0QyOTVkMTFhZDU0MTk0ODMwJTI2Y29icmFuZCUzRDElMjZyZiUzRGFmMSUyNmFmX2Fzc2V0dHlwZV9pZCUzRDEwJTI2YWZfY3JlYXRpdmVfaWQlM0Q2JTI2YWZfaWQlM0Q0MzAwNSUyNmFmX3BsYWNlbWVudF9pZCUzRDI=&ad_id=NjQ=&zone_id=ODA=&page_id=OTQ=&keyword=ZW5lcmd5K3N0YXIrZnJlZXplcnM=&partner_id=MjE=&market_id=MQ==&rpc=&category=
http://homegardendepot.net/out.php?click_url=aHR0cCUzQSUyRiUyRnJkLmJpenJhdGUuY29tJTJGcmQlM0Z0JTNEaHR0cCUyNTNBJTI1MkYlMjUyRnRyYWNraW5nLnNlYXJjaG1hcmtldGluZy5jb20lMjUyRmNsaWNrLmFzcCUyNTNGYWlkJTI1M0QxMDM3MTkwMDA4JTI2bWlkJTNEMjk5MzElMjZjYXRfaWQlM0QxMzA1MDkwOSUyNmF0b20lM0QxMDU1MSUyNnByb2RfaWQlM0QlMjZvaWQlM0QyNjIyMTY1MzAxJTI2cG9zJTNEMSUyNmJfaWQlM0QxOCUyNmJpZF90eXBlJTNEMCUyNmJhbXQlM0QyOTVkMTFhZDU0MTk0ODMwJTI2Y29icmFuZCUzRDElMjZyZiUzRGFmMSUyNmFmX2Fzc2V0dHlwZV9pZCUzRDEwJTI2YWZfY3JlYXRpdmVfaWQlM0Q2JTI2YWZfaWQlM0Q0MzAwNSUyNmFmX3BsYWNlbWVudF9pZCUzRDI=&ad_id=NjQ=&zone_id=ODA=&page_id=OTQ=&keyword=ZW5lcmd5K3N0YXIrZnJlZXplcnM=&partner_id=MjE=&market_id=MQ==&rpc=&category=
http://homegardendepot.net/out.php?click_url=aHR0cCUzQSUyRiUyRnJkLmJpenJhdGUuY29tJTJGcmQlM0Z0JTNEaHR0cCUyNTNBJTI1MkYlMjUyRnRyYWNraW5nLnNlYXJjaG1hcmtldGluZy5jb20lMjUyRmNsaWNrLmFzcCUyNTNGYWlkJTI1M0QxMDM3MTkwMDA4JTI2bWlkJTNEMjk5MzElMjZjYXRfaWQlM0QxMzA1MDkwOSUyNmF0b20lM0QxMDU1MSUyNnByb2RfaWQlM0QlMjZvaWQlM0QyNjIyMTY1MzAxJTI2cG9zJTNEMSUyNmJfaWQlM0QxOCUyNmJpZF90eXBlJTNEMCUyNmJhbXQlM0QyOTVkMTFhZDU0MTk0ODMwJTI2Y29icmFuZCUzRDElMjZyZiUzRGFmMSUyNmFmX2Fzc2V0dHlwZV9pZCUzRDEwJTI2YWZfY3JlYXRpdmVfaWQlM0Q2JTI2YWZfaWQlM0Q0MzAwNSUyNmFmX3BsYWNlbWVudF9pZCUzRDI=&ad_id=NjQ=&zone_id=ODA=&page_id=OTQ=&keyword=ZW5lcmd5K3N0YXIrZnJlZXplcnM=&partner_id=MjE=&market_id=MQ==&rpc=&category=
http://homegardendepot.net/out.php?click_url=aHR0cCUzQSUyRiUyRnJkLmJpenJhdGUuY29tJTJGcmQlM0Z0JTNEaHR0cCUyNTNBJTI1MkYlMjUyRnRyYWNraW5nLnNlYXJjaG1hcmtldGluZy5jb20lMjUyRmNsaWNrLmFzcCUyNTNGYWlkJTI1M0QxMDM3MTkwMDA4JTI2bWlkJTNEMjk5MzElMjZjYXRfaWQlM0QxMzA1MDkwOSUyNmF0b20lM0QxMDU1MSUyNnByb2RfaWQlM0QlMjZvaWQlM0QyNjIyMTY1MzAxJTI2cG9zJTNEMSUyNmJfaWQlM0QxOCUyNmJpZF90eXBlJTNEMCUyNmJhbXQlM0QyOTVkMTFhZDU0MTk0ODMwJTI2Y29icmFuZCUzRDElMjZyZiUzRGFmMSUyNmFmX2Fzc2V0dHlwZV9pZCUzRDEwJTI2YWZfY3JlYXRpdmVfaWQlM0Q2JTI2YWZfaWQlM0Q0MzAwNSUyNmFmX3BsYWNlbWVudF9pZCUzRDI=&ad_id=NjQ=&zone_id=ODA=&page_id=OTQ=&keyword=ZW5lcmd5K3N0YXIrZnJlZXplcnM=&partner_id=MjE=&market_id=MQ==&rpc=&category=
http://homegardendepot.net/out.php?click_url=aHR0cCUzQSUyRiUyRnJkLmJpenJhdGUuY29tJTJGcmQlM0Z0JTNEaHR0cCUyNTNBJTI1MkYlMjUyRnRyYWNraW5nLnNlYXJjaG1hcmtldGluZy5jb20lMjUyRmNsaWNrLmFzcCUyNTNGYWlkJTI1M0QxMDM3MTkwMDA4JTI2bWlkJTNEMjk5MzElMjZjYXRfaWQlM0QxMzA1MDkwOSUyNmF0b20lM0QxMDU1MSUyNnByb2RfaWQlM0QlMjZvaWQlM0QyNjIyMTY1MzAxJTI2cG9zJTNEMSUyNmJfaWQlM0QxOCUyNmJpZF90eXBlJTNEMCUyNmJhbXQlM0QyOTVkMTFhZDU0MTk0ODMwJTI2Y29icmFuZCUzRDElMjZyZiUzRGFmMSUyNmFmX2Fzc2V0dHlwZV9pZCUzRDEwJTI2YWZfY3JlYXRpdmVfaWQlM0Q2JTI2YWZfaWQlM0Q0MzAwNSUyNmFmX3BsYWNlbWVudF9pZCUzRDI=&ad_id=NjQ=&zone_id=ODA=&page_id=OTQ=&keyword=ZW5lcmd5K3N0YXIrZnJlZXplcnM=&partner_id=MjE=&market_id=MQ==&rpc=&category=
http://homegardendepot.net/out.php?click_url=aHR0cCUzQSUyRiUyRnJkLmJpenJhdGUuY29tJTJGcmQlM0Z0JTNEaHR0cCUyNTNBJTI1MkYlMjUyRnRyYWNraW5nLnNlYXJjaG1hcmtldGluZy5jb20lMjUyRmNsaWNrLmFzcCUyNTNGYWlkJTI1M0QxMDM3MTkwMDA4JTI2bWlkJTNEMjk5MzElMjZjYXRfaWQlM0QxMzA1MDkwOSUyNmF0b20lM0QxMDU1MSUyNnByb2RfaWQlM0QlMjZvaWQlM0QyNjIyMTY1MzAxJTI2cG9zJTNEMSUyNmJfaWQlM0QxOCUyNmJpZF90eXBlJTNEMCUyNmJhbXQlM0QyOTVkMTFhZDU0MTk0ODMwJTI2Y29icmFuZCUzRDElMjZyZiUzRGFmMSUyNmFmX2Fzc2V0dHlwZV9pZCUzRDEwJTI2YWZfY3JlYXRpdmVfaWQlM0Q2JTI2YWZfaWQlM0Q0MzAwNSUyNmFmX3BsYWNlbWVudF9pZCUzRDI=&ad_id=NjQ=&zone_id=ODA=&page_id=OTQ=&keyword=ZW5lcmd5K3N0YXIrZnJlZXplcnM=&partner_id=MjE=&market_id=MQ==&rpc=&category=
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Conservation is not part of  the culture 

 

RESOURCE  USE NOT INCLUDED IN: 

 

• Research decisions  

 

• Dissemination of  information 

 

• Purchasing decisions 
 

RESULTS: Lack of  awareness of  impact of  

research decisions on resource consumption 



Examples with cold storage 
 

 discoveries upon failure of  two ULT freezers 

 incubator used as refrigerator (14.2 kWh/day) 

 

= =  

CU-Boulder has 

 ~100 ULT freezers  

Full size Energy Star 

 -20 ˚C Freezers  

Electricity 

http://homegardendepot.net/out.php?click_url=aHR0cCUzQSUyRiUyRnJkLmJpenJhdGUuY29tJTJGcmQlM0Z0JTNEaHR0cCUyNTNBJTI1MkYlMjUyRnRyYWNraW5nLnNlYXJjaG1hcmtldGluZy5jb20lMjUyRmNsaWNrLmFzcCUyNTNGYWlkJTI1M0QxMDM3MTkwMDA4JTI2bWlkJTNEMjk5MzElMjZjYXRfaWQlM0QxMzA1MDkwOSUyNmF0b20lM0QxMDU1MSUyNnByb2RfaWQlM0QlMjZvaWQlM0QyNjIyMTY1MzAxJTI2cG9zJTNEMSUyNmJfaWQlM0QxOCUyNmJpZF90eXBlJTNEMCUyNmJhbXQlM0QyOTVkMTFhZDU0MTk0ODMwJTI2Y29icmFuZCUzRDElMjZyZiUzRGFmMSUyNmFmX2Fzc2V0dHlwZV9pZCUzRDEwJTI2YWZfY3JlYXRpdmVfaWQlM0Q2JTI2YWZfaWQlM0Q0MzAwNSUyNmFmX3BsYWNlbWVudF9pZCUzRDI=&ad_id=NjQ=&zone_id=ODA=&page_id=OTQ=&keyword=ZW5lcmd5K3N0YXIrZnJlZXplcnM=&partner_id=MjE=&market_id=MQ==&rpc=&category=
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2010-2011  Area 
Portion 

Energy 
Portion 

CU-Boulder 20% 43% 

LABS HAVE A LARGE FOOTPRINT 

MCDB DEPARTMENT 

 ~45 labs 
 

 10.6 GWh in 2009-2010 
 

 8.3% of  campus electricity 

1200 X 

electricity 

(25 kWh/day/house) 



Examples of  Impact from Engaged Scientists  

House = 25 kWh/day in electricity 

EBio Scanning Electron 
Microscope & Chiller Off  

Ultra Low Temperature 
Freezer Efforts 

 
Retiring 
Sharing 

Unplugging 
Energy Efficient  

Raise from -80⁰C to -70⁰C 

Six Diffusion Pumps on 
Timers 

 
(also saving 1 million gallons of 

water/year) 



 Replaced two low temp incubators for single “heating 

only” incubator = 22.6 kWh/day savings 
 

 

 99% reduction in electricity for lab’s 30⁰C needs 

Incubator Energy Efficiency Upgrade 

14.6 kWh/day  

(+ 8.2 kWh/day small unit) 
0.23 kWh/day 



Energy Conservation 
 

Water Conservation 
 

Material Waste Reduction 

CU GREEN LABS PROGRAM 
 Created in 2009 

(by the Office of Sustainability and the Environmental Center) 

Participation is voluntary 

A benefit to labs and conservation 

Not compromising safety or research integrity 

Utilize expertise of  our scientists, EH&S, Fac. Man. 



Campus-wide, collaborative team approach 

CU Green Labs 

Labs  & Lab Depts. 

Facilities Management Env. Health & Safety 
 

Env. Center 



Changing the culture at CU-Boulder 

Inviting scientists to 

join the conversation 

 

Giving scientists a 

voice 

 

Acting as a resource  

 

Building community  

 

Raising awareness 
 

 



LAB ECO-LEADER 

a volunteer interested in encouraging the efficient 

use of resources in his/her lab and department 

Lab Eco-Leaders – backbone of  program  

BENEFITS: 
 

 Insider 
 

 Knowledgeable about 

their particular lab 
 

 Always present in lab 



Stein 
Stowell 
Stoykovich 
Su 
Taatjes 
Tolbert 
Townsend 
Tsai 
Van Blerkom 
Voeltz 
Volkamer 
Walba 
Wang 
Weimer 
Wessman 
Winey 
Wright 
Wuttke 
Xue 
Yarus 
Y.C. Lee 
Yi 
Zhang 

30% of CU-Boulder Labs have Eco-Leaders 
Biochem Cell Culture 
Biochem Teaching Lab 
Chem/Biochem Dept IT 
Chem/Biochem Mass Spec Facility 
CHEM Stores 
CINC Creative Labs 
Fly Food Autoclave Room 
General Biology Teaching Labs 
General Chem Teaching Labs 
INSTAAR Sedimentology Lab 
IPHY Environmental Endocrinology 
IPHY Teaching Labs 
MCDB Electron Microscopy Service 
MCDB Stores 
MCDB Teaching Labs 
Membrane & Catalyst Facility 
NMR Facility 
Organic Chem Teaching Labs 
Paleontology Lab 
Physics Learning Labs 
Stable Isotope Lab 
Thermal Ionization Mass Spec Lab 
(U-Th)/He Lab 

Ahn 
Anseth 
Barger 
Batey 
Bierbaum 
Blumenthal 
Boswell 
Bowers 
Bowman, C. 
Bowman, W. 
Breed 
Bryant/Mahoney 
Campeau 
Caruthers 
Cech 
Collinge 
Copley 
DeDecker 
DeSouza 
Diggle 
Dowell 
Dukovic 
Eaton 
Ehringer 
Falke 
Feldheim 
Fierer 
Flowers 

Friedman 
Garcea 
George 
Gin 
Greenberg 
Guralnick 
Han 
Jimenez, J.L. 
Johnson 
Jones 
Keck 
Knight 
Koch 
Krauter 
Kuchta 
Leinwand 
Linden 
Liu 
Lowry 
Maier-Watkins 
Martin, A. 
McCain 
McHenry 
McIntosh 
McKenzie 
Medeiros 
Medlin 
Melbourne 

 

Michl 
Mitton 
Montoya 
Moore 
Nemergut 
Noble 
Nosil 
Odorizzi 
Olwin 
Pace 
Palmer 
Pardi 
Poyton 
Randolph 
Ryan 
Safran 
Sammakia 
Saunders 
Schmidt 
Schwartz 
Seals 
Seastedt 
Shen 
Singh 
Smolen 
Sousa 
Spencer 
Staehelin 
 

130 labs in total 



Enhancing the Network Structure 

 Insiders 

 Support from department chair 

 Greater depth of  engagement  

 Frees up time to expand program 

DEPARTMENTAL GREEN LABS 

 TEAM LEADS 

 

a paid graduate student who leads Lab 

Eco-Leaders and works on conservation 

efforts within his/her own department 



Modified graphic from 

Univ. of Toronto 

Sustainability Office 

Raffle Contest for Gift Cards of $125 
 

• VAV fume hoods 

• Large Plug Load Off  

• Fridge/Freezer Maintenance 

• Autoclave  

• Drying Oven 

• Biological Freezer Temperature 

 

Contests with Incentives to Win 
 

• Bright Idea Contest for Energy Savings 

• National Freezer Challenge 

 

 

Contests make participation fun! 
and grab people’s attention 



Being a REAL Resource to Labs  
  …& Lab Departments! 

Help with freezer failures 
 

Equipment disposals 
 

Equipment sharing 
 

Reputation for answering 

questions 
 

Following up on ideas  
 

Source of  incentives/funding  



Providing Feedback 



Power of  Positive, Public Recognition 



 
 

 Improved Sample Access 

 Improved Freezer Performance 

 Energy Conservation 

 Gift Cards, Pizza Parties 

 It is the RIGHT THING TO DO 

~50 CU-Boulder Labs Participated Last Two Years 

Third Year Participating in  

StoreSmart FREEZER CHALLENGE 



Utilizing the expertise of  scientists 

 
 Incentive for energy 

efficient equipment 

replacements 
 

 Working or broken 

equipment 
 

 Submission for X-ray 

diffraction 

 23kW to 0.5 kW 
 



Changing the culture on a national level 

NEED FOR CONNECTION BETWEEN  
RESOURCES CONSUMED &  LAB FINANCES    

 

HHS Code of Federal Regulations 
 Title 45, 74.44 (a) (3) (vi) 

 

requiring green spending of federal grant $$$ 

FEDERAL GRANTING PROCESS GOING “GREEN”? 
resource consumption considerations in 

 experimental design 
 selection process 
 procurement 

 



Scientists can change the culture 

INCLUDING “GREEN” IN:  
 
 

• Experimental design 
• Grants 
• Presentations 
• Papers 
• Lab Discussions 
• Classrooms 
• Purchasing 
 
 



Positive, public recognition  

on campus & national level 

PLEDGE for scientists with public display 
 

 Competition between departments? 
 National campaign? 

 
 
CERTIFICATION or other recognition tool 
at national level? 
 



University of Colorado at Boulder 
 

Acknowledgements 

Collaborators 
 

Allen Doyle – UC-Davis  
 

 

I2SL 
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NIH, CDC 
 

 

Other US Universities 

 

International  Colleagues 
 

        
 

My family 

Lab Eco-Leaders & Lab Departments 

 

Office of Sustainability 

 

Environmental Center 

 

CU Green Labs Staff 

 

Environmental Health & Safety (EH&S)  

 

Facilities Management (Admin. Staff, Prof. 

Staff, Technical Staff, and Shops) 



QUESTIONS? 

Contact Information:  
 

Kathy Ramirez-Aguilar, Ph.D. 

CU Green Labs Program Manager 

University of Colorado at Boulder 

kramirez@colorado.edu, 303-859-2068 

BBA Forum – May 2013 

GREEN LABS PLANNING GROUP: 
 

Go to Google Groups & search for “Green Labs Planning” 

 and then apply for membership 

mailto:kramirez@colorado.edu


Safe, Dependable and Energy Efficient Laboratories 

5-13 

Safe, Dependable, Energy Efficient 

Laboratory Buildings 

Exposure Control Technologies, Inc. 

919-319-4290 

tcsmith@labhoodpro.com  

Thomas C. Smith
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Introduction 

 Thomas C. Smith 
– President, Exposure Control Technologies, Inc. 

– BSME  (NCSU), MSEE – Industrial Hygiene (UNC-CH) 

– Chair, AIHA/ANSI Z9 Health and Safety Standards for Ventilation Systems 

– Vice Chair, ASHRAE/ANSI 110 – Method of Testing Performance of Laboratory Fume Hoods 

– Chair, ASHRAE TC 9.10 – Laboratory Systems 

– Member , ANSI/AIHA Z9.5 Committee 

 Topics  

– Laboratory Hoods and Ventilation Systems  

– Demand For Ventilation 

– ANSI/AIHA Z9.5 Standard 

– Specifications for Safe & Efficient Labs 

– Environmental Health and Safety -Issues & Concerns 
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• Safe 

• Compliance with Codes & Standards 

• Productive (Flexible) 

• Energy Efficient  

• Sustainable 

Goal: High Performance Laboratories 

Biology Labs (high containment) Chemistry Labs 

Animal Vivariums 

Nanotechnology Labs Cleanrooms  

Radiological Labs 
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Laboratory Hazards 

Risk of Adverse Health Effects 

Inhalation Hazards 

 Airborne Materials  

 Toxicity 

 Generation Rate & Concentration 

  Duration of Exposure  

Physical Hazards 

 Contact - Dermal Exposure 

 Fire & Explosion 

Dose = Concentration x Duration  
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SAFETY

THINK

LAB OFFICE

DUCTS

FILTER

ROOF

FAN

STACK

SUPPLY

AIR

Proper Performance = Protection 

Proper Performance = Compliance 

Operation ≈ 60% Utility Costs 

Cost = $ 3 to $ 9 per cfm-yr 

Laboratory Hoods & 

Ventilation Systems 

 

Fume hoods are the primary means 

of protecting lab personnel 
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Evaluating Fume Hood Safety 

Methods to Evaluate Containment Performance and Ensure Safe Hoods 

Determine Operating Conditions 

• Hood and Lab Inspection 

• Face Velocity Measurements 

• Cross Draft Velocity Tests 

• VAV Response and Stability 

 

• Flow Visualization Smoke Tests 

• Tracer Gas Containment Tests 

Determine Performance (Containment ) 

Tracer  
Gas 

Ejector 

Mannequin 

Face 
Velocity 
Probe 

Tracer  
Gas 

Detector 

Cross Draft 
Probe 

Computer 
& 

DAQ 

ANSI/ASHRAE 110 “Method of Testing Performance of Laboratory Fume Hoods” 
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ECT, Inc. has conducted more than 30,000 

ASHRAE 110 Tracer Gas Containment Tests 

 

Test Results Demonstrate > 15% Failure 

• Hood design  - 20% 

• Lab Design 

• System Operation 

• Work practices - 25% 

Laboratory Hood Safety & Performance 

Primary Factors Affecting Performance 
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Causes of Inadequate Performance 

Improper: 

• Design 

• Operation 

• Maintenance 

• Use 
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ANSI/AIHA –Z9.5 - 2012  

American National Standard for Laboratory Ventilation  

 Newly Revised & Published September 2012 

 Minimum Requirements and Best Practices 

– Protect People  

– Ensure Dependable Operation 

– Operate Energy Efficient Labs 

 Recommendations & Specifications for New and 

Renovated Laboratories 

– Hood Design & Operation 

– Laboratory Design 

– Ventilation System Design 

– Commissioning and Routine Testing 

– Work Practices and Training 

– Preventative Maintenance  
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Types of Laboratory Fume Hoods  

 Bench-Top 

– Traditional Bypass 

– Low Velocity / High Performance 

– VAV – Restricted Bypass 

 Distillation 

 Floor Mounted (Walk-in) 
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Flow Monitors and VAV Controls 

• Hood Monitors (Flow Measuring Device) 

– Flow 

– Velocity 

– Pressure 

• Flow Control Types 

– Through the Wall Velocity 

– Sash Position 

– Occupancy 

– Manual  

 VAV Modes 

– Two State 

– Full VAV  

– VAV Hybrid 

 

TTW 

Velocity 

Sensor 

and 

Hood 

Monitor 

Monitors are 
required on all 
fume hoods 



Safe, Dependable and Energy Efficient Laboratories 

5-13 

VAV Flow Response and Stability 

Sash Open 

Sash Closed 

VAV  
Terminal 

Good Control & Containment  

Poor Control & Poor Containment  
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Minimum Flow for VAV Fume Hoods 

1990s - EPA – 50 cfm / ft of Hood Width  

2004 - NFPA 45 – Work Surface 

25 cfm / sq. ft. of ws 

2010 - Defers to ANSI Z9.5 

2012  - ANSI Z9.5 (must be appropriate) 

Internal ACH (150 ACH  to  375 ACH) 

150 ACH ~ 10 cfm / sq. ft. ws 

375 ACH ~ 25 cfm / sq. ft. ws 

• Containment • Dilution • Removal 

Internal 
Conc.  
(Ci) 

Duct Conc. (Cd) 

Caution: ECT finds 150 ACH too low 
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Laboratory Airflow Specifications 

 Operating Modes 

 Min and Max Flow 

 Temperature Control 

 Dilution – ACH 

 Air Change Effectiveness 

 Room Pressure 

 Transfer Volume  

 

 

- + 
Room Pressure 

Qt = Qe – Qs 
Qt = Constant 

Qe - Exhaust 
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Derivation & Specification of Airflow Rates 

Air Change Rate (ACH)? 
 

 Evaluate hazardous emissions 

 Ensure appropriate laboratory hoods 

 Capture hazards at the source 

 Ensure air change effectiveness 

 Base airflow rates on: 

– Hood Exhaust Requirements 

– IAQ Requirements 

– Comfort (Temperature) 

– Pressurization/Isolation 
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Ventilation System Operating Specifications 

Energy Savings 
Require Reducing 

Total Building Flow 

• Max and Min Flows 

• Exhaust Manifolds 

─ Fan Redundancy  

─ Emergency Power 

• System Static Pressure 

• VAV Control Capabilities 

─ Diversity 

─ Sensitivity 

• Duct Transport Velocity 

• Exhaust Stack Discharge 
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Laboratory Ventilation Management Program 

(LVMP) 

 Required By ANSI Z9.5 

 System Management and Sustainability Plan 

– Organization and Responsibilities 

– Effective Collaboration/Integration 

– SOP’s for Testing and Maintenance 

– Metrics and Monitoring  

– BAS Utilization 

 Management of Change 

 Personnel Training 

Cognizant Person 
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Training of Personnel 

Ensure Proper Work Practices 

• Lab Personnel • Facility Maintenance • Building Operators 
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EH&S Primary Issues & Concerns  

 Occupational Exposure  

 Risk & Liability 

 Laboratory Hood Selection & Design 

 Laboratory & Ventilation System Design 

 Operation & Performance 

– Commissioning Prior to Use 

– Routine Test and Maintenance 

 Management of Change 

 Training Personnel 
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END  
 

QUESTIONS? 

Exposure Control Technologies, Inc. 

919-319-4290 

tcsmith@labhoodpro.com  

Thomas C. Smith  
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Appendix  
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Emissions in Labs Requiring Dilution 

 Escape from Lab Hoods 

 Improper Bench Top Procedures 

 Unventilated Equipment 

 Fugitive Emissions 

– Chemical Bottles & Containers 

– Gas Cylinders 

 Accidental Spills 

 

Typical Generation Rates 
 

<0.1 lpm to 10 lpm 
 

Catastrophic Failure of a Gas Cylinder 
         

1400 lpm  
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Agency Ventilation Rate 

OSHA 29 CFR Part 1910.1450 4-12 ACH 

ASHRAE Lab Guides 4-12 ACH 

UBC – 1997  1 cfm/ft2  

IBC – 2003 1 cfm /ft2 

IMC – 2003 1 cfm/ft2 

U.S. EPA 4 ACH Unoccupied Lab - 8 ACH Occupied Lab 

AIA  4-12 ACH 

NFPA-45-2004 4 ACH Unoccupied Lab  - 8 ACH Occupied Lab 

NRC Prudent Practices  4-12 ACH 

ACGIH 24th Edition, 2001 
Ventilation depends on the generation rate and toxicity of the 

contaminant and not the size of the room. 

ANSI/AIHA Z9.5  

Prescriptive ACH is not appropriate.  

Rate shall be established by the owner. 

Dilution is seldom effective – source capture preferred 

Typical ACH Guidelines 
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Contaminant Concentration, ACH  

& Level of Concern 

Required ACH for Dilution to LOC 

Material 
LOC 

PEL, TLV  

(PPM) 

Gen. Rate 

= 0.1 lpm 

Gen. Rate 

= 0.5 lpm 

Gen. Rate 

= 1.0 lpm 

Gen. Rate 

= 4 lpm 

Gen. Rate 

= 8 lpm 

Gen. Rate 

= 20 lpm 

Acetone 750 0.1 0.7 1.3 5.2 10 26 

Ethyl acetate 400 0.2 1.2 2.5 10 20 49 

Methyl ethylketone 200 0.5 2.5 4.9 20 39 98 

Toluene 100 1.0 4.9 10 39 79 196 

Ammonia (STEL) 35 3 14 28 112 224 561 

Acetic acid 10 10 49 98 393 785 1963 

Phenol 5 20 98 196 785 1570 3926 

Formaldehyde 3 33 164 327 1309 2617 6544 

Carbon tetrachloride 2 49 245 491 1963 3926 9815 

Chlorine 0.5 196 982 1963 7852 15705 39262 

Phosgene 0.1 982 4908 9815 39262 78524 196309 

Toluene diisocyanate 0.005 19,631 98,155 196,309 785,238 1,570,475 3,926,188 
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Stack Discharge and Plume Dispersion  

Re-entrainment 

Better Design 

Stack Height ≥ 10 ft. 

Stack Velocity ≈ 3000 fpm  
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Lab Safety and Energy Programs 

 Rapid Energy & Lab Safety Assessment (RELSA) 
– Facility Readiness 

– Strategic Project Planning  

– Building Profiler 

 Lab Ventilation Optimization Project (LVOPTM ) 

– Phase 1 – Detailed Safety & Energy Assessment  

– Phase 2 – Optimization and Energy Reduction Project 

 Lab Ventilation Management Program (LVMP) 

– Operations Management & Sustainability Plan 

– Protect Return on Investment 

 

Plan 

Assess 

Optimize 

Sustain 
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 Facility and Building Qualifying Tool 

– Select & Prioritize Best Projects First 

 Key Metrics & Weighting Factors  

– Size & Space Allocation 

– Energy Use & Operating Costs 

– State of the Systems 

– Energy Reduction Potential 

 Lab Energy Profile Report 

– Building Classification 

– Assessment of Energy Reduction 

– Estimated Project Costs & Payback 

 

Rapid Energy & Lab Safety Assessment (RELSA) 

Attribute Lab Building Profile Category 

• State of the Systems 

• Energy Reduction Potential  

• Project LOE & Complexity 

• Return on Investment (Payback) 

Class  
A 

Class  
B 

Class  
C 

Class  
D 

Class  
E 
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Profile Building 
Total Annual 
Utility Cost 

%  
Utility 

Reduction 

Annual  
Savings 

$ 

Investment 
to Realize 
Savings 

$ 

Payback  
Period 

A Bldg D $1,950,000  24 $468,000  $1,404,000  3 

B+ Bldg A $800,000  16 $128,000  $512,000  4 

B Bldg F $600,000  21 $126,000  $567,000  5 

B Bldg E $980,000  16 $156,800  $784,000  5 

B- Bldg B $450,000  9 $40,500  $202,500  5 

C- Bldg C $300,000  7 $21,000  $189,000  9 

Totals $5,080,000  19 $940,300  $3,658,500  4 

RELSA Profile & Project Prioritization  
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Lab Ventilation Optimization Project (LVOP™) 

 Phase 1 – Safety and Energy Assessment 

– Evaluate Demand for Ventilation 

– Establish Safety and Health Specifications 

– Analyze Utilities & Operating Costs 

– Propose Energy Conservation Measures (ECMs) 

 Phase 2 A&B – Energy Reduction Project 
2 A - Scope of Work & Engineering 

2 B – Project to Implement Selected ECMs 

• Verify Performance and Energy Savings 
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RELSA Profile and LVOP Tasks 

Attribute

State of the Systems

Building Operating Cost

Energy Reduction Potential

Energy Project Complexity (LOE)

ROI - Project Payback < 5 5-10 10-15 >15 N/A

Planning RELSA X X X X X

LVOP Phase 1 LVOP Phase 1 Investigation X X X X

Minor Engineering X X

Major Engineering X X

Component Repair Maintenance X X X X

Retrofits & Component Upgrades X X X

Component Replacement X X

New Equipment Installation X

TAB X X X X

CX X X X X

LVMP X X X X X

Routine T&M Services X X X X X

Building Profile

Profile

LVOP Phase 2

LVOP Phase 3

A B C

Project Phase & Task

D E



Safe, Dependable and Energy Efficient Laboratories 

5-13 

Critical Elements of a LVMP 
• Building Information - Documentation and Specifications  

• Management and Personnel (Roles and Responsibilities) 

• Test and Maintenance Tasks 

 Schedule of Activities 

 Preventive & Repair Maintenance 

─ AHUs /Exhaust Fans 

─ Control Components (Flow Terminals, Sensors, dP Transducers) 

 System, Environment & Hood Performance Tests 

─ System Operating Mode Tests (SOMTs) 

─ Lab Environment Tests (LETs) 

─ Lab Hood Tests  

• BAS Utilization (Monitoring and Reports) 
 Real-time Data and Alarms 

 Trend Reports  

• Management of Change (MOC) 

• Record Keeping  

• Training Programs 
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Specifications for Safe & Energy Efficient Labs 

 Laboratory Hood Operation 

– Construction, Specs & Performance Criteria 

 Monitors & VAV Controls 

– Types, Accuracy and Operating Modes 

 Laboratory Design & Operation 

– ACH & Air Change Effectiveness 

– Diffuser Type and Location 

– Temperature & Humidity Control 

 Ventilation Design & Operation 

– Duct Velocity & Static Pressure 

– Stack Discharge 

– Recirculation & Energy Recovery  

 Commissioning and Routine Tests  

– Lab Hood Tests  

– Lab Environment Tests 

– System Operating Mode Tests 
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Quality Data - Accuracy and Precision 

Not Accurate 
and Not Precise 

Precise but not 
Accurate 

Accurate and 
Precise 

EPA RTP  Flow Sensors (Pre LVOP) = 20% to 65% Error  

 Flow Sensors (Post LVOP) = 5% Error 

VAV Controls Can degrade         

30-50% within 5 years  
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Ventilation Maintenance and Test Schedule 


