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1https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/602458/PAT_wave_17_Summary_of_key_findings.pdf 

Sustainability in Science – A force for good

• Promising recent results 
– CRISPR/Cas9 editing 
– Male contraceptives (functional in monkeys 

thus far) 
– Artificial wombs (for sheep) 
– A new (drowned) continent! Zealandia 
– Most even agree on climate change (concern 

has risen from 66% to 70% from 2015-2016)1

– 12 billion yr old Oxygen molecule (UCL) 
– Memory transfer to snails
– Warm blooded fish discovery 



• There are growing numbers of 
people working in research

• Plenty left to research

• Overall sums of investment are 
increasing, but winning a grant is 
extremely competitive. More 
collaboration required

• Funders increasing interest

Sustainability in Science

http://climate.nasa.gov/vital-signs/carbon-dioxide/ 



Crisis of Reproducibility 

Ref: 1,500 scientists lift the lid on reproducibility – Baker, Nature. 16



Achieved by 
good laboratory 
management & 
procedures

Ref: 1,500 scientists lift the lid on reproducibility – Baker, Nature. 16

Crisis of Reproducibility 



• We must look at how we conduct the research – 
Sustainable Science

• Integration efficiency and sustainability are a way to 
mitigate some of the growing challenges

• How to balance UK’s promise to increase investment in 
research with carbon-neutrality targets

Sustainability in Science





1) Lab plastics are estimated to contribute …?… to the total global plastic waste 
in 2014. 

a. 0.001%

b. 0.6%

c. 1.8%

d. 5.3% 

Quiz

Source: “Labs should cut plastic waste too” Urbina., M, Nature Articles



2) A London research institute spends how much currently per annum on energy? 
 

 a. £10,000,000 
 

b. £12,500,000
 

c. £15,000,000
 

d. £17,500,000

Quiz



3) A typical new ULT freezer will consume as much energy in a year as: 
(UCL has 500+)

 
 a. An average UK household
 

b. An average US person 
 

c. An average UK person
 

d. Charging 50 phones all the time (for a year)

Quiz



4) What piece of standard lab equipment consumes the most energy?

a. Fume cupboards

b. Centrifuges

c. Ovens

d. Biological safety cabinets

Quiz



 5) X % of health care waste is hazardous according to WHO (a typical lab 
throws out 70-90%)

a. 5%

b. 15%

c. 25%

d. 35%

Quiz

Source: https://www.who.int/news-room/fact-sheets/detail/health-care-waste 

https://www.who.int/news-room/fact-sheets/detail/health-care-waste


 6) Between 2007 and 2013 the world economy grew by 20.1%, 
how fast did gross expenditure on research and development 
(GERD) grow by? 

a. 22.2%

b. 20.1%

c. 5.5%

d. 30.2%

Quiz

Source: https://en.unesco.org/node/252279 

https://en.unesco.org/node/252279


 7) Researchers accounted for what percentage of the world population? 
(2013)

a. .001%

b. .1%

c. .0.5%

d. 1%

Quiz

https://en.unesco.org/node/252277 



Quiz

 8) What % of research conducted gets published? Or shared widely?
     Or is accessible? 



• Labs consume 3-10 times more energy 
per m^2 than academic spaces

• Typical research institution will have 
50-65% of energy to labs 

• Often unaddressed due to specified 
nature of research – though some 
processes are common enough. 

Laboratories



Laboratories



Sustainable Labs Today

Sustainable / Green Labs 

Built Environment
- BREEAM
- SKA Labs
- Ventilation Rates
- Collaborative efforts

Equipment & Consumables
- Equipment sharing initiatives
- Sustainable Tenders
- Manufacturers Impact

Researchers, Technicians, Students, 
etc.
- Chemicals, equipment use, etc.
- How staff interact with their 

facility

Green Chemistry 



University of California - first multi-institutional sustainable laboratory policy: 
www.ucop.edu/sustainability/policy-areas/sustainable-operations/index.html 

https://www.ucop.edu/sustainability/policy-areas/sustainable-operations/index.html




If there was a standard, what might it look like? 
How do we know if a lab is “green”? 

There’s a reason we all follow H&S, but don’t 
all implement sustainable practices…



LEAF: Laboratory Efficiency Assessment Framework



LEAF support

► LEAF Tool: Contains criteria and calculators

► Audit guide: Contains information on how to 
assess each criteria

► Process guide: How to run a sustainable labs 
programme

► Helpful Guides and Support: Linked in throughout 
LEAF’s criteria (posters, inductions, departure 
docs, etc.) 

► UCL’s Equipment Guide

► UCL’s Consumables Guide



► 103 submissions from 16 universities

► Each lab group saved £4,000 

► Total saved was £400,000

► Equivalent of 132 cars taken off the 
road (620 tonnes of CO2)

► 52% had used a system before

►  74% said it was driving new good 
practice and not a validation of the 
existing

► 98% said they would participate 
again 



What’s next for LEAF?  37 New Participants so far 
include..
• Imperial
• Edinburgh
• Bristol
• Cambridge
• King’s College London
• Nottingham
• Anglia
• Environmental Agency 
• Public Health England
• Cancer Research UK
• British Geographic Survey

• Will be available online from next year 
• Bristol become first institution in the world to 

commit to a 100% uptake of a sustainable lab 
programme, and are using LEAF 

• Engaging funding bodies, developing business 
plan

• Everyone involved is welcome to input!



How Does LEAF Work? 

1. Sign up/Receive a Copy 

2. Choose your level (Bronze, Silver, Gold)

3. Work through the criteria, provide a sentence for each

4. Use Calculators to estimate the impact of your actions 

5. Submit 

6. Audits – Depending how you want to implement



Example targets for Bronze

► Inductions

► Exit-policies

► You have non-clinical waste streams available 

► Things are being turned off at the end of the day

► You consider sustainability when you buy kit 

► You have signage encouraging good-practice on fume cupboards 

► You have a common shared space for chemicals 



How we recommend a start to making your labs 
more sustainable

• Start ‘Green lab groups’ 
• See what others are up to before embarking 
• Set some goals (LEAF)
• Engage the appropriate people 
• Estimate impact 
• Share with senior management, your colleagues, everyone! Make 

them jealous
• Repeat

• Consider continuity of your projects!



The Power of You

• Technical and Research staff are the ‘clients’ for many projects, 
large purchases, refurbishments, etc.

• Often only you understand the true needs

• As such, you are the gatekeepers for a lot of the sustainability 
we’re discussing. What you buy, how you design the space, what 
you install, have massive long-term implications. 

When your counsel is sought, consider what the true needs are 



Health & Safety and Sustainability are the 
same thing, they’re just on different 
timescales

Be considerate of H&S, but sometimes challenge it



• Select the appropriate units

• Set them up efficiently (flow rates) 
– Fume cupboards target 0.5 m/s or lower*

• Use them well

• Report issues, consider long-term uses

Action you can take: Ventilation



Ventilation Covid19 Considerations

• Turn-off safety cabinets

• Fume cupboards … Figure out what you have!
– VAV: Close the sash! 
– 2-speed: Make sure to enact the low-speed 

function
– Fixed Flow: Considerations before shutting down

• Is it being used to maintain room extraction? 
• Are there chemicals being store? Can they be grouped?
• Work with estates/H&S to avoid any issues, but 
challenge them think not just what’s easiest

• May find balance between being on 4-6hrs/day?



• Try and first share. Reduction is king in the 3-6 R’s

• Get qualitative feedback – suppliers/manufacturers 
will distort

• Consider asking for financial incentive

• Conduct Life-cycle Carbon Analysis (LCA)

• Push suppliers for sustainable options

Action you can take: Procurement



Procurement Covid19 Considerations

• Now may be a good time to implement new schemes
• E.g. packaging returns with NEB 

• Consult your procurement team on sustainable 
options, or provide your sustainability team with 
questions to put into tenders. 
• Check UCL’s resources for more on sustainable 

options

• Buying less is paramount, but also consider if 
particular operations will require an increase in 
requirements when back in the lab



Consider samples before the freezer

• Storage unit size/method/racking

• Ensure labels are legible

• Access – throwing away the old, making 
the old more useful

Action you can take: Cold Storage I



Then consider the freezer (or dewar)

• Selection of the units

• Security

• Maintenance of units

• Storage temperature 

Action you can take: Cold Storage II



Cold Storage Covid19 Considerations

• Now is the time to set-up sample 
management systems which don’t 
allow endless purchase of cold 
storage equipment 

• Implement maintenance rotas for 
when back in

• Review storage temperatures for 
standard processes 

• Consider security of samples 



• Selection

• Maintenance 

• Turn off! (timers, or whatever system works)

• Apply a booking system (and record usage)

• You’ll know what’s best!

Action you can take: Equipment



Equipment Covid19 Considerations

• Explore booking systems, or whatever to 
ensure things get turned off

• Consider where you can repair broken kit

• Plan preventative maintenance 

• Plan calibrations 



Sustainability in Animal Housing 

• Waste Segregation

• ACH 

• Humidification 

• Material usage

• Gowns & Garb

• Equipment usage – Can you drive better use? 

• What’s the next best model? 



• Reduce/Reuse >>> Recycling 

• Note various schemes (Winchesters, tip boxes, 
packaging)

• Recycling IS possible, but must be approached 
with care

• Consider waste all forms of waste – equipment, 
packaging, consumables, chemical, IT costs 

Action you can take: Waste



Action you can take: Waste & Plastics

Glass pipettes instead of single use 
plastic pipettes

Bagged falcons 
instead of polystyrene 

racked 
Glass flasks instead of 

plastic falcons





Waste Covid19 Considerations

• Consider what consumables are commonly used in 
the lab, and if there are reusable alternatives? 

• Do not double-bag (unless absolutely necessary)

• It’s clinical waste only if you know it’s been in 
contact with someone who has Covid19

• Consider processes which allow general waste to sit 
for 72 hours 

• Use normal washing detergents

https://www.england.nhs.uk/coronavirus/wp-content/uploads/sites/52/202
0/04/C0140-covid-19-waste-management-guidance-sop.pdf 

https://www.england.nhs.uk/coronavirus/wp-content/uploads/sites/52/2020/04/C0140-covid-19-waste-management-guidance-sop.pdf
https://www.england.nhs.uk/coronavirus/wp-content/uploads/sites/52/2020/04/C0140-covid-19-waste-management-guidance-sop.pdf


Action you can take: Teaching

Teaching Content
- Are students taught about any 

significant environmental 
considerations of their studies? 

- Ensure inductions include sustainability

Material Use 
- Are there more reusable ways to 

conduct experiments?

Covid19 Consideration
- Larger emphasis on data processing?
- More experimental planning?   



• Say hi to folks, meet your neighbours 

• Create a solid induction that goes beyond 
producing data

• Consider daily departures

• Get approval for an exit-policy: This 
benefits all!
• Improves sample tracking 
• Reduces liability 
• Reduces need for freezers etc. 
• Reduces need for new chemicals at 

times 

Action you can take: People



People Covid19 Considerations

Same considerations as before! 

Update inductions, track departing materials

But with added thoughts around travel 
- Much work today takes place away from the 

lab 
- What can be maintained? 



• Look at the 12 principals of green chemistry

• Best solutions come from within 

• Ultimate goal is to reduce usage/reduce 
impact

Action you can take: Chemicals



General Covid19 Considerations

• When making plans to restart labs, consider if 
you have planned for a ‘2nd wave’. Can things 
be reversed? Better grouped? 

• Accomplish any non-lab requiring activities

• Consider your cleaning standards

• Allow for new information: There are still 
many unknowns! 



LEAF: Laboratory Efficiency Assessment Framework



Good practice examples - UCL



King’s Guy’s Cancer Centre 

• Reduced annual plastics 
consumption (£18,000/annum)

• Reduced autoclave size 
accordingly (£3,500 
energy+water savings/annum)

• Standardised working practices 
(inductions, storage methods, 
departures, etc.)

• Further procurement/equipment 
savings (£15,000/annum)

• Lowered flow-rates, reduced 
number of fume cupboards (credit Gianfranco Picco, Lab Manager, King’s College London )

Results in new beginnings 







CO2 per person by country

► World Total: 4.6 tonnes/person (2010)

► Europe: 7.2

► USA: 18.1

► Netherlands: 15.7

► France: 6.2

► Qatar: 76.9

Sources: International Energy Agency, 2010,
IPCC report, 2014

My lifetime allowance of carbon emissions?

310 tonnes (1.5 C)
390 (2C)

Or

4.13 / year for 1.5C
5.6 / year for 2C 
(assuming I live to 75)



Carbon Cost (kg CO2e/yr)

Ultra-Low Temperature 
Freezers

620-3,100 kg

Drying Cabinets 520-3,820 kg
Cryostat 1,550-2,480 kg
Oven (various temps, sizes) 70-720 kg
Biomedical Freezers 
- Upright
- Underbench

70-350 kg
30-130 kg

Incubator 40-330 kg
CO2 Incubator 260-330 kg
Fridges
- Upright
- Underbench

80 kg
17 kg



Typical Usage Annual Carbon Cost
(kg CO2e/yr)
3 runs a day, 
5 days a week

Autoclaves
(large internal steam 
source)

8-18 kWh/run 1,760-4,000 kg

Autoclaves (benchtop) 0.4 kWh/run 90 kg
Centrifuges (large 
benchtop)

2 kWh/run 440 kg

Mini-centrifuges 
(pre-cool + 15min spin)

0.2 kWh/run 44 kg

PCR machines 0.15-0.3 kWh/run 33-66 kg



Usage Annual Carbon Cost 
(kg CO2e/yr)

4hrs a day, 5 
days a week 

Permanently on

Safety Cabinets 50-400 W 
(Old up to 2000 W)

15-120 kg
590 kg

120-1,000 kg
5,000 kg

Flow Hood 335 W 100 kg 830 kg
Hotplate with 
Stirrer at 120’C

74-160 W 22 kg 400 kg

Water baths at 37’C 50 W
12 W (avg with 
metal beads)

15 kg
3.5 kg

120 kg
30 kg

Balances 5 W 1.5 kg 12 kg
Spectrophotometer 5 W 1.5 kg 12 kg

Sustainability in the lab beats sustainability at home!



Question Standards

► Understand all sources of possible variation in experimentations

Dept. of Plant Sciences, Cambridge



Thank you! 

Twitter: @GreenLabGuy

m.farley@ucl.ac.uk 

THANK YOU
-Jordan Gutherie, KCL
-Oli Austen KCL
-Gianfranco Picco, KCL
-Isma Ali, KCL
-Cristina Azevedo, formerly UCL
-Daniela Melandri, UCL
-Sustainable UCL 
-RMID, KCL
-Martin Howes, Cambridge
-Environment & Energy, Cambridge
-UoBristol Sustainability
-URKN
-LEAN
-Everyone using LEAF!
-Mukesh Mistry, KCL
-Linda Robinson
-Mel Leitch
-NTDC, Newcastle

mailto:martin@greenlabassociates.com
mailto:m.farley@ucl.ac.uk

