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1.0  Summary
The University of Edinburgh and its Roslin Institute, in partnership with Eppendorf, VWR, and S-Lab, are investigating the relationship between long-term freezer energy efficiency, storage temperature, sample viability, and in ultra-low temperature (ULT) freezers utilisation. An initial short-term study focused on freezer dynamics such as temperature variation due to door openings, and temperature variations post-power failures has been conducted. The second portion of the study will  last for a minimum of five years and examine the impact of three storage temperatures (-80°C, -70°C and           -60°C) on sample viability. Samples will be assessed with appropriate viability assays from the three freezers and compared. Energy consumption and internal temperature data will also be collected, allowing long-term compressor efficiency to be evaluated. While set to run for a minimum of five years, extra samples were obtained where possible to permit continuation beyond. 

2.0 Background
Many areas of scientific research today have a high requirement for ultra-low temperature freezers. Many research institutions will possess hundreds of them with needs constantly growing, as reflected by a 7.5% increase in compound annual growth rates of freezer sales 2009-20151. ULT freezers are expensive to purchase, have a large space footprint, have significant running costs (energy, maintenance, management etc.) and are frequently unmanaged as they are a low status, non-analytical pieces of equipment which receive reduced attention. Research and anecdotal evidence from the US LabRATS initiative and the associated Freezer Challenge, and from the UK S-Lab initiative, have indicated that there are many opportunities to reduce these impacts through more effective use2,3. Measures include regular and thorough maintenance, efficient use of internal space, inventory management, and optimal positioning in relation to cooling systems for the significant heat loads created by the freezers. The impact of different storage temperatures on sample viability are poorly understood2. 10-15 years ago most ULT freezers were running at -70°C4, 5 and yet today -80°C has become the ubiquitous temperature without sufficient research to drive such a shift. Today most ULT freezers are marketed as being optimized to run at -80-86°C with the factory default setting often being -85°C. 

Without relevant evidence, researchers may believe that running a freezer colder will be better for the samples and provide more reaction time after a possible power failure. Accompanying short-term studies will address these power-failure reaction concerns, and viability assessments will address the ‘colder is better’ beliefs. While this study will not comprehensively evidence that every sample type will be viable long-term at -70°C, it can help further the discussion about what an appropriate storage temperature is. DNA for example has been shown to be stored with little to no denaturing at either -80⁰C or -20⁰C over 24 months6.  

Ensuring that samples are stored safely at appropriate temperatures has large implications in terms of energy. Running ULT freezers 10°C warmer at -70°C has been measured to incur significant energy savings of 20-30%7 when compared to -80°C. When multiplied by the quantity of ULT freezers many institutions possess this makes for noteworthy potential savings (plus further savings in reduced external cooling expenditure as less heat is emitted). New researchers today are regularly advised to run ULT storage at -80°C and thus are likely to refuse to raise the temperature for fear of endangering their samples. Hence the issue will continue to grow until an evidenced based approach can alleviate unease. 

While some studies have been conducted investigating energy consumption of ULT freezers at various internal operational temperatures for short time periods, no parallel energy/sample viability study has been run simultaneously over extended time periods, particularly with such a wide range of sample types. Identifying how freezers consume energy can give insight to allow more robust and enduring ULT freezer design, and help improve efficiency while discouraging wasteful practices. Such studies have the potential to be extremely wide reaching with cold storage requirements constantly growing.  
3.0 The Study
The University of Edinburgh and its Roslin Institute, in partnership with suppliers Eppendorf, VWR, and S-Lab, proposes to investigate a number of aspects of sample storage in ultra-low temperature freezers. The work will be conducted in three new freezers with some racking and have three stages:

1. Stage 1 – Studies to assess short-term freezer temperature dynamics with a focus on power cuts, door openings and energy consumption at varying temperatures, (July-August 2014, controlled by the University of Edinburgh).

2. Stage 2 – Freezer energy consumption measurements over a five year period with primary relevance to bio repositories and manufacturers. (September 2015-September 2020, controlled by VWR/Eppendorf). Simultaneous long-term sample viability at varying long-term storage temperatures will be conducted by the University of Edinburgh. 

3. Stage 3 – Continuing sample viability studies depending on availability after VWR/Eppendorf studies are complete.  Primary relevance to bio repositories (September 2020 onwards, controlled by University of Edinburgh).
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