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Freezer use and freezer settings: 

why it matters and how to be more sensible about it
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A research topic with environmental impact

• Work in Africa

• Travel and transport

• Molecular epidemiology
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A research topic with environmental impact

• Despite or because of impact…

• Running a lab from diesel-generators

• 20kWh per day or average household

2mygreenlab.org/energy



A research topic with environmental impact

• Despite or because of impact…

• Running a lab from diesel-generators

• 20kWh per day or average household

• Considering everything else: does it matter?

3mygreenlab.org/energy
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Malaria trial

• Ouelessebougou, Mali

• 80 participants

• Treatment with different antimalarials

• Follow-up 28 days

• Biochemistry, hematology, molecular 

parasitology, mosquito feeding assays

• Analyses in Bamako and Nijmegen

4Mahamar, Smit et al. Lancet Microbe 2024



Footprint: waste, travel & transport
• 1290 participants screened

• 300 lancets

• 600 microscopy slides

• 1750 blood tubes

• 3000 plastic storage tubes

• 2,761 plastic tips 

5Smit, Mahamar et al. PLoS Sustainability & Transformation 2025



Footprint: waste, travel & transport
• 1290 participants screened

• 300 lancets

• 600 microscopy slides

• 1750 blood tubes

• 3000 plastic storage tubes

• 2,761 plastic tips 

• 3,300 km by ‘road’

• 56,000 km by air

5Smit, Mahamar et al. PLoS Sustainability & Transformation 2025



Footprint: electricity

• 7,200 kWh of electricity in Mali

• mix fossil, hydroelectric, solar power

• Freezers accounted for ~65%

• Rest related to airconditioners, extractors, PCR

6Smit, Mahamar et al. PLoS Sustainability & Transformation 2025



Weighing the most important contributors

• Electricity relevant source of 

emissions

• Even in the context of a 

‘carbon-heavy project

7Smit, Mahamar et al. PLoS Sustainability & Transformation 2025



From Ouelessebougou to Nijmegen

• 186 ULT-freezers in Nijmegen

• Many >10 years old
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1. Clean out freezers and ensure good maintenance

2. Retire old freezers

3. Change temperature setting from -86/-80 to -70°C

Radboud freezer challenge 2020



1. Cleaning freezers and discarding old samples

• >100,000 samples discarded

• Retiring 12 freezers without replacing them
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1. Cleaning freezers and discarding old samples

• >100,000 samples discarded

• Retiring 12 freezers without replacing them
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• Considerable variation in energy use

• Incentivised replacement of old models

• Central storage facility
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2. Replacing energy inefficient models



Two hurdles

1. No time or know-how to change settings

2. Concerns about sample integrity
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3. Changing temperature settings



Two hurdles

1. No time or know-how to change settings

2. Concerns about sample integrity
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3. Changing temperature settings

Unexpected blackout took away my own concerns



The impact
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• ~45 ton of CO2e avoided per year

• >50% of freezers not touched



+ Support board of directors

+ Webinar to ask questions

+ Technical support

+ ‘Annoying’ perseverance of the initiator

- No financial incentive department

- Hesitation to impose ‘-70 unless…’

Re-run in 2025/6
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Success factors and future plans
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Rethinking Ultra-Low
   Temperature Freezer Use

-70°C Storage as new global standard





Laboratories have a large footprint

Data storage

Single-use plastics

Animal-derived products

Lab ventilation

Air travel to conferences

Procurement

Equipment

Water

Cold storage
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Electicity Savings at -70
No investment, big impact

• One ULT freezer uses 8-14 kWh/day (3000-5000 kWh/year)
• Equals ~2x an average NL household

• Switching to -70 saves on average 28% of energy consumption
• (Graham et al., 2024; Farley et al., 2015, Freese et al., 2024; Evans, 2022; own 

measurements)

Total of ~350 ULT freezers at UMCU

Estimated savings of -70 switch:
at least €80.000 and ~135tCO2 per year
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Electicity Savings at -70
No investment, big impact

• One ULT freezer uses 8-14 kWh/day (3000-5000 kWh/year)
• Equals ~2x an average NL household

• Switching to -70 saves on average 28% of energy consumption
• (Graham et al., 2024; Farley et al., 2015, Freese et al., 2024; Evans, 2022; own 

measurements)

Total of ~350 ULT freezers at UMCU

Estimated savings of -70 switch:
at least €80.000 and ~135tCO2 per year
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Sample safety at -70
Companies that recommend -70 as storage temperature



-70 Database
Reveals the global transition

Global transition to -70 already started 10+ years ago, as 
indicated by the -70 database:

• 200+ entries of samples -70
• ~100 different research groups 
• Spread over 30+ universities/institutes

Includes RNA (41x), bacteria (40x), virus (9x), 
C. elegans (5x), yeast (13x), plasma (6x) 
human/mouse/plant tissue…



www.freezerchallenge.mygreenlab.org 

http://www.freezerchallenge.mygreenlab.org/
http://www.freezerchallenge.mygreenlab.org/


Sample safety at -70
Publications

“It can be concluded that −70°C is the right temperature for 
storage to maintain the PON1 activity for at least one year. 
Storage at a lower temperature in liquid nitrogen (−196°C) is 
not necessary.”

“These common observations indicate that the proteome 
of frozen tissue may remain intact for years if stored at, or 
below -70C.”

“At -70 ° C of storage, all antioxidant vitamins, such as 
retinol, tocopherols, ascorbic acid and also carotenoids, are 
stable even up to 4 – 10 years.”

Material & method sections generally lack information about storage temperatures…



ULTRA-SAFE 
Ultra Low Temperature storage of Reagents: 
Assessment of Stability After FrEezing

Hannah van der Stok, Dr. Evelien Boekhout-Berends, Dr. Tom Caniels & Aram de Haas; in 

collaboration with Amsterdam UMC Biobank and numerous researchers at Amsterdam UMC

• Test material stored at -80, -70 and -60 across time (months to years)

• Many samples that are already included (Cerebrospinal fluid (CSF), Viruses)

• Much more will be included in the near future (cell lines, PBMCs, trimers, tissue slides, bacteria)



Data from diagnostic labs 
UMC Groningen

• One ULT at -70 for almost a year in diagnostic laboratory
• Weekly measurements on standardized control samples
• Amino acids, organic acids, bile acids: no changes in concentration observed since the switch to -70C
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Amino acids:

Anouk de Boer-Poelstra
Metabolic Diseases department 
University Medical Center Groningen Time

Switch to -70



Sample safety at -70
Internal freezer temperature

• ULT freezer temperature stability and uniformity were 
generally not adversely affected by a -70C set point

• Operating temperatures has an effect on possible 
warm up times during power failures for ULT freezers, 
but the variation between -80 °C and -70 °C was 
minimal.



Transition of -70 in NL

• UMC’s in NL:
• In total an estimated ~2000 ULTs

• Of which ~750 already at -70

• Universities/Hogescholen

• Research Institutes

• …

Biobank saves 650.000 kWh per year



Correct Freezer Maintenance
and the impact when done wrong

1. Clean the filters

2. Promote proper spacing

3. Remove door seal obstructions

Evans, 2022; Gumapas & Simons, 2012

Make sure you discard 
samples that are no 

longer needed

1 2

3
1+2+3



j.sprangers-4@umcutrecht.nl
www.greenlabs-nl.eu
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