
 

  

Research Facilities Planning 

and Safety Department: 

 

University Health Network 

2017 

 

Chill-Out: Lab Manager’s Guide 

 



Table of Contents 
 
 

Program Overview and Reasoning…………………………………………………………………………….. 3 

 

Focusing on Ultra Low (ULT) Temperature Freezers………………………………………………….. 3 

 

Common Questions and Concerns…………………………………………………………………………….. 4 

 

Common Samples Stored: -80°C to -70°C…………………………………………………………………... 5 

 

Additional Research: Success Stories & Efforts……………………………….………………………... 7 

 

References…………………………………………………………………………………………………………………. 9 

 

 

 

 

 

 

 

 

 

 

 

 



Program Overview and Reasoning 
 As part of a new initiative, the Research Sustainability team is proposing the 

implementation of the Chill-Out program. This program will seek to improve energy 
conservation in the laboratory facilities of Princess Margaret Cancer Research Tower (PMCRT) 
and Krembil Discovery Tower (KDT), focusing attention to ULT freezers while working with 
laboratory managers and supporting staff. As the program is developed, the primary focus will 
be to have lab managers in PMCRT and KDT adjust the temperatures of their floor ULT freezers 
from -80°C (or greater/lower) to -70°C. Changing the set-temperatures of ULT freezers from -
80°C to -70°C has become a common practice amongst many research institutions. Chilling 
freezers from -80°C to -70°C has been recognized to offer several benefits, the greatest being 
reduced energy consumption and prolonging the life of laboratory equipment. Between PMCRT 
and KDT, there are approximately 181 ULT freezers in the buildings, with an average of 13 units 
on each floor of PMCRT and 10 units on each floor of KDT, varying with the needs and research 
focuses of the spaces. Over 40 different ULT models are recognized between the buildings with 
each freezer drawing an average of 18 kWh of energy per day (at -80°C). The ULT freezers on an 
average floor in PMCRT and KDT use the same amount of energy as 2.4 homes in Canada in a 
year (Statistics Canada, 2013). In addition, it is estimated that changing the set temperature of 
just 1 average freezer in the buildings (10°C, from -80°C to -70°C) is similar to planting 1-3 trees 
or saving 120kg of greenhouse gases from being emitted into the atmosphere every year (Tree 
Canada, 2017). The program is to be introduced during the Summer of 2017, working with Lab 
Managers to promote educational awareness surrounding the environmental benefits of 
adjusting ULT freezer temperatures, while reassuring and promoting the safety and protection 
of the biological samples contained in the units.  

 

Focusing on Ultra Low Temperature (ULT) Freezers 
 Ultra low temperature (ULT) freezers are designed to preserve biological samples at 

stable temperatures, typically -80°C to -86°C in UHN laboratories. Also referred to as “minus 
80s”, ULT freezers consume high quantities of energy, operating continuously year-round and 
commonly included in standard laboratory facilities. As reported by Harvard University, -80°C 
freezers are considered the most energy intensive types of plug-load equipment in laboratory 
environments (Harvard University, 2017). As a result, ULT freezers act as a significant source of 
greenhouse gas emissions (varying with regional energy grids) and major cost contributor to 
research institutions.  

 By design, ULT freezers demand high amounts of energy on a continuous basis. An 
average ULT freezer in PMCRT or KDT is estimated to draw over 6570 kWh of energy per year   
(-80°C at an average of 18kwh). Shifting temperatures from -80˚C to -70˚C is expected to save 2-
4 kWh/day per unit, the same amount of electricity it takes to run a full-size Energy Star -20˚C 
freezer. Given the approximate 181 ULT freezers between PMCRT and KDT, it is estimated that 
over 1,151,550 kWh of energy is drawn from the buildings on an annual basis just to maintain     
-80°C temperatures. Although there is some variation given Canada’s energy mix, according to 
the United States Environmental Protection Agency, this amount of energy is equivalent to 
driving 171 passenger vehicles for one year or burning 863,581lbs of coal (United States EPA, 



2017). Shifting the temperatures of ULT models will provide an opportunity to reduce this 
impact on an annual basis. 

 

Common Questions and Concerns 
But is it safe to store samples at -70°C? 

Currently, many ULT freezer models are designed by manufacturers to be set at a maximum 
temperature of -86°C. As many researchers do not see a need to have ULT freezers at this 
extreme of a set-temperature, many will program models to be around -80°C. Changing these 
temperatures remains an on-going concern with many research staff as many question if the 
integrity of samples will be able to be maintained at anything less than this set temperature. 
However, supporting research indicates that it is just as safe to store samples at -70°C. For 
example, nucleic acids, many proteins, bacteria and viruses are generally protected at -70°C. In 
fact, approximately 15 years ago, a majority of ULT freezers on the market were set to -65°C to 
-70°C. The drive to continuously lower freezer temperatures has been suggested to do more 
with marketing and selling freezers than it has to do with science. Compressor technology has 
advanced such that it is possible to manufacture lower temperature freezers at a lower unit 
cost, creating what is perceived as a competitive advantage amongst distributors. 

 

Why should our lab participate in this program? 

 Participation in the Chill-Out Program proposes a unique opportunity for UHN research 
staff. Among the benefits of the program, key areas include: 

 

Environmental protection: Tuning the temperatures of just one ULT freezer from -80°C to      

-70°C can result in significant energy savings on an annual basis. Laboratories in PMCRT and 
KDT are able to reduce their environmental footprint on a long-term basis, preventing high 
quantities of greenhouse gases from being emitted, contributing to climate change.  

 

Equipment protection & Improved Safety: By changing the temperatures of the ULT freezers 

in PMCRT and KDT to draw less energy on a daily basis equipment may be better protected. 
Reducing the demand of each ULT freezer to maintain a lower temperature on a continuous 
basis will reduce strain on each unit’s compressors on a daily basis. As a result, the life of 
freezer units may be better prolonged. As well, by reducing the stress on freezer compressors, 
ULT models are less prone to damaging or failing to maintain set temperatures. A reduction in 
freezer failures will result in better protection of research samples while also protecting staff 
from potential exposures to harmful materials contained in the units.  

 

Research Green Team engagement: The Chill-Out program will further engage Research 

Green Team members. By continuing to develop sustainability focused programs in PMCRT and 
KDT more frequent dialogue is created between the spaces and the UHN Research Facilities 
Planning and Safety Department. The Sustainability Intern will be able to offer researchers the 
opportunity to better protect and maintain equipment in their work area while doing so in a 
manner which encourages environmental sustainability.  

 



Rewards program: By participating in the Chill-Out program, labs will have the opportunity 

to be rewarded for their efforts. For every ULT freezer in PMCRT and KDT that is temperature 
tuned from -80°C to -70°C, labs responsible for that freezer will be entered into a draw to win 
prizes. The prizes will be discussed further with the Sustainability team, as well as lab staff for 
input, but may include gift cards, pizza parties, or other incentives. Once all research staff have 
the opportunity to participate in the program, the Sustainability Intern will be in contact with 
the Lab Managers to inform and share program winners. 
 

If the freezers are set at -70°C is the response time shorter in the case of failures? 

 A temperature change of 10°C is not likely to pose any severe threat to samples stored 
in the freezers in the event of freezer failures.  Lab Managers will be provided with similar 
timeframes in emergency situations. In contrast, adjusting the temperatures will likely reduce 
the threat of freezer failures in the first place. Changing the temperatures of ULT models will 
reduce the daily stress on each unit’s compressor, limiting any threat of equipment failures in 
the long-term.  
 

Why -70°C? 

 Promoting laboratories to change the temperatures of their ULT freezers from -80°C to  
-70°C has been based on a considerable amount of research. -70°C is a temperature many 
institutions similar to UHN have adopted and provided strong evidence in support of the 
integrity of lab samples while promoting energy efficiency.  
 

Common Samples Stored: -80C to -70C 
DNA/RNA  

According to research through the University of Michigan, a 2009 study by Wu J. et. Al. 
on the stability of Genomic DNA at various storage conditions suggests genomic DNA stored at 
both -20°C and -80°C remained stable over 24 months and 19 freeze thaw cycles. There was no 
appreciable difference in the quality of the DNA and degree of degradation was very similar. 
The study further found that for short term studies, DNA can be stored at 4°C or even room 
temperature for periods less than 3-6 months. DNA samples are stable with little or no 
denaturing when stored at temperatures as high as -20°C over 24 months (University of 
Michigan, 2017). In a related study through the University of Michigan, labs have demonstrated 
that DNA, RNA, antigens and viruses are stable for twenty years at -70°C. Studies conducted at 
Wiley lab, University of Colorado also support that the above materials including competent 
cells are stable at -70°C for longer periods. 

In addition, during a 2001 study by Wu J. et. al. on the stability of extracted RNA at 
various storage temperatures and through multiple freeze-thaw cycles, the stability of purified 
RNA is suggested to be the same when stored at either -20°C or -80°C. In both cases the RNA 
was stable over 10 freeze-thaw cycles and showed no change in quality for one month. There 
was no difference in stability between -20°C and -80°C (University of Colorado, 2017a).  
 

 

 



Nucleic acids 

According to Stanford University’s Sustainability Department, nucleic acids can be safely 
stored in a regular freezer at -20°C. They can also be stored at room temperature using a 
technology that mimics extremophile biology of dehydration. This technology eliminates the 
need for cooling during shipping and storage, cutting down on energy costs and reducing the 
risk of having valuable research disrupted from a power outage (Stanford University, 2017).  

 

Bacteria, viruses, cells, enzymes, reagents & buffers 

According to Stanford University’s Sustainability Department, bacteria and viruses are 
generally safe at -70°C (Stanford University, 2017). The University of Colorado reports storing 
bacteria, viruses, cells, enzymes, reagents and buffers at -70°C for periods between 0-10 years 
varying with the needs of the laboratory (University of Colorado, 2017a).  

 

Proteins and plasmid 

According to the University of Michigan, a 2008 study performed by Anekella & Manak 
on viral markers suggests plasma samples and human serum are protected at higher 
temperatures. Seroconversion panels containing HIV and HCV antibodies, HBsAg, and viral RNA 
and DNA were evaluated. Samples were collected between 1981 and 2000. The findings report 
that the Antibodies are stable in plasma stored at -20°C for 13-20 years. All samples were stable 
for at least 10 years in long term storage at -70°C (University of Colorado, 2017a). 

 

Antioxidants 

According to the University of Michigan, a 2013 study performed by Jansen EH et. Al. on 
long-term stability of parameters of antioxidant status in human serum examined the 
temperature stability of antioxidants for 12-month sample storage. The antioxidants were 
applied to human serum samples and stored at -20, -70, and -196°C. The study concluded that 
there is no statistically significant difference in the samples stored at different temperatures. 
The author claims that storage at -20°C is sufficient to maintain assay outcome for most 
antioxidant assays, though suggests that -70/80°C may be preferred for storage times over 1 
year (University of Colorado, 2017a). 

 

For more information, as well as sample inventory databases provided through various institutions in 

North America, please refer to the links below (as well as the references section): 

University of Colorado, Database of Practices: 

https://docs.google.com/spreadsheets/d/13UvBeoXAhwSHshSYoUDHwcxWiW7qYLnUb-

eLwxJbCYs/pub?hl=en&hl=en&hl=en&single=true&gid=0&output=html 

The California Institute of Technology, Caltech Energy Assessment for Laboratories Progress Report: 

https://sustainability.caltech.edu/documents/76-ceal_report.pdf 

University of British Columbia, Lab Energy Challenge 

http://greenlabs.sites.olt.ubc.ca/files/2016/05/Lab-Energy-Challenge-Activities-Rules.pdf 

http://www.colorado.edu/ecenter/sites/default/files/attached-files/c2_norberg.pdf
https://sustainability.caltech.edu/documents/76-ceal_report.pdf


Additional Research: Success Stories & Efforts 
Sustainability programs focused on ULT freezers have grown in popularity in recent years 

amongst many North American universities and research institutions. Although the style of 
program varies institution to institution, many success stories can be identified, including the 
following examples: 
 

The University of British Columbia: “Chilling up to save over 7,000 kWh a year” 
The University of British Columbia held a Lab Energy Challenge recently, including 112 

participants, forming 18 teams, from 11 buildings across 2 campuses. The goal of the challenge 
was to make research labs more energy efficient. The Lab Energy Challenge took place from 
April 19- May 13, 2017 in support of UBC’s Climate Action Plan. Chilling up facility freezer from   
-80°C to -70°C was one of the key actions the competition focused on, resulting in energy 
savings projections of 7,635 kWh/year (The University of British Columbia, 2017).  
 

Harvard University Sustainability: “Annual Freezer Cleanouts” 
Voluntary ULT freezer cleanouts available to laboratories year-round. Harvard provides 

cleanout materials to researchers. In Spring of 2011, a pilot Freezer Cleanout program was 
implemented; one lab disposed 44 boxes of old samples, providing 2.75 racks of new space and 
a second lab disposed 67 boxes of samples, providing 4.2 racks of new space (Harvard 
University, 2017).  

 
Stanford University`s Cardinal Green Labs Program: “-80°C to -70°C” 
In 2008, Stanford identified that the cost to run an individual -80 was between $1,000- 

$1,500 per year (at $0.15/kWh). -80°C freezers were costing the university $5.6 million per year 
just to operate. The university’s Cardinal Green Labs program now works with laboratory staff 
to tune the temperatures of ULT freezers when possible (Stanford University, 2017).  

 
Yale University Sustainability: “Freezer cleanout protocol and material database” 
In January 2015, the Sustainability department had researchers inventory their freezers and 

discard old or unnecessary test tubes, emptying several freezers and opening up valuable space 
for new experiments in the process (Yale University, 2015).  

 
University of California: UCSB Sustainability: “Freezer week: Freezer Clean Out” 
Annual week event where laboratories are able to participate in freezer cleanout sessions 

for rewards. UCSB’s rewards program separates laboratories by points gained. Depending on 
each laboratory’s total points earned, they are entered into various draws. Unique awards are 
offered including ChillUP (first 5 labs to warm their freezers to -70°C), Most Points Earned, 
Gnarliest Freezer Photo, Most Valuable Rediscovered Item, Inventory System Award, Coil 
Cleaning Award, Oldest Sample Discarded, etc. (University of California, 2017).  

 
Dartmouth College: “Chill-Out Initiative: Safety and Sustainability Meet in the Freezer” 
Dartmouth’s Chill-Out Initiative provides laboratories with an energy efficient backup 

freezer named RUEBI (Roaming Ultralow Efficient Backup Icebox) for one week, a free freezer 



maintenance kit and instructions on how to defrost and properly maintain freezers. The 
initiative includes friendly competitions where laboratories can win prizes (i.e. pizza parties at 
the end of the competition 2x/year, gift cards, etc.). Unique award categories include “Frost 
Champion”- frostiest freezer photo, “Rip Van Winkle Award”- oldest sample discarded, “Waste 
Warrior”- most samples discarded based on volume, “Lorax Award”- reduces inventory to share 
freezer with another lab, “Prius Award”- replaces freezer with energy efficient model, “Zero 
Carbon Crusader”- retires freezer without replacing, “Temperature Trooper”- labs who 
temperature tune their freezer to -70°C from -80°C (Dartmouth College, 2017).  

 
University of Colorado Green Labs: “-70°C Efforts, Annual Freezer Challenge” 
The university’s Annual Freezer Cleanout Challenge resulted in temperature tuning 150 ULT 

freezers to -70°C. The initiative provides laboratories with information on the types of samples 
that can be safely stored at -70°C, outside information on sample storage temperatures and the 
benefits of raising ULT freezer temperatures from -80°C to -70°C. As of spring 2017, the 
university ran its first Freezer Challenge, a partnership initiative between The International 
Institute for Sustainable Laboratories (I2SL) and My Green Lab and the first North American 
Laboratory Freezer Challenge (NALFC). The initiative focuses on educating laboratory staff on 
good inventory management practices, temperature tuning, retirements & upgrades, cutting 
edge practices and information sharing. Public sample list provided (University of Colorado, 
2017b).  
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