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The largest threat currently faced by 
humankind is the ever-rising CO2 levels 
in the air we breathe. In my lifetime, 
the CO2 level has increased by 33%, 
from 300ppm to 415ppm currently. The 
limit for the indoor CO2 level that is 
without risk to humans is somewhere 
between 1000 and 2000ppm. CO2 has 
been rising in recent years by 2.5ppm 
per year, but with the combination 
of population growth and energy 
consumption growth per person per 
year, it is predicted by some that a 
5ppm CO2 increase per year is quite 
possible. Doing the maths, if the human 
race does nothing to change current 
trends, we have perhaps only 200 years 
until human health is affected by the 
CO2 that we breathe in the air. A rather 
scary thought.

For the last sixty years, since CO2 
was measured directly by NOAA and 
others at different locations around 
the globe, the correlation between 
temperature rise and CO2 has been 
monitored. Pure scientists are fond of 
saying that ‘correlation of data is not 
proof of causation’ but they are in the 
minority. See the graph for yourself 
from a Nature article. 

Driving R&D Towards 2030 – Waging War on Carbon

Global warming is happening for 
certain (+1.1C 2019) and the most 
likely cause as agreed by 10,000s of 
scientists is human-generated CO2 
from burning fossil fuels. 

In engineering terms, anything 
requiring an energy source to make it, 
or move it, light it, or heat it, or cool 
it, or pump it will be currently adding 
to those CO2 levels. The UK electricity 
supply is quoted as achieving 50% 
consumption from renewables last year, 
thanks to successive UK government 

Regulatory & Marketplace

Copyright 2003 Adam Nieman. This illustrates the 
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level density) by rendering them as spheres.

https://www.nature.com/articles/srep21691. Extract from ‘On the causal structure between CO2 and global 
temperature@ Adolf Stips et al., 22 February 2016.

investment in wind and solar. This has 
driven the UK CO2 emission level down 
to 300gm per kWh, so clearly electric 
anything, including all electric vehicles, 
still are responsible for CO2 emissions.  

It does not take a rocket scientist 
to work out that if we rapidly change 
to all electric home heating (UK new 
build home policy) and all electric 
vehicles (UK government incentive 
and guidelines) the UK electricity 
requirements will rapidly outpace our 
ability to increase renewable capacity 
to match demand. Therefore the 
emissions from electricity generation 
will rise again, as more fossil fuels 
are burned to make up the shortfall. 
Nuclear energy is a possibility, but it 
takes decades to build plant and get 
them running.

To stop the atmospheric CO2 level 
spiralling forever upward, we need 
to address as a global nation two 
main issues below, neither of which 
is trivial:

1.  Population growth – 7.73 billion 
humans (UN estimate), projected 
to rise to 8.3 billion (7.4c% rise) by 
2030. The population needs to be 
stabilised back to the 2.1 children 
per couple level required for zero 
growth. Family planning, education, 
reduced infant mortality all factor 
in this equation. Sources: UN, 
population matters etc.

 
2.  Reduced carbon footprint per 

head. The average global annual 
emission per head is five tonnes 
CO2 – the UK sits at roughly seven 
tonnes per head (including air 
travel), the USA at 15 tonnes per 
head. See UN data 2018 published 
on Wikipedia.

In the drug delivery device industry, 
we can do little to address the first 
point (unless working on more reliable, 
low carbon, cheap contraception 
methods) except at our family level, 
but we can all make great progress in 
the latter. 
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Reducing the Carbon Footprint of the 
Devices that we Engineer
This kind of ‘cradle to grave’ public 
carbon document produced for GSK 
will be the norm in a few years’ time, 
not the exception that it is today. 
UPC predicts that all products will 
be labelled, much as foodstuffs are 
for content today, showing whether 
they are carbon heavy or carbon light. 
For drug delivery devices, doctors will 
preferentially prescribe equivalent 
low-carbon products, and patients 
will ask for them. 

So How do you Make Low-carbon 
Products?
The simple answer is make them as 
light as possible from materials with 
the lowest carbon footprint, usually 
measured in kg CO2 per kg material. 
Typical values are shown below, but 
please be advised these are only 
indicative, not for calculating formal 
carbon footprints from your product:

• Polypropylene mouldings inc 
sprue ~ 5kg CO2e per kg plastic

• POM/PBT mouldings inc sprue ~ 
5kg CO2e per kg plastic

• ABS mouldings inc sprue ~ 9kg 
CO2e per kg plastic

• Virgin aluminium ~16.8kg CO2e 
per kg metal

• Virgin stainless steel 316 ~ 2.5kg 
CO2e per kg steel

It is quite difficult to decide on the 
best common way of treating CO2 in 
medical devices to provide a rating. 
Single-use medical disposables are 

Copyright GSK PLC ‘Product Carbon footprint certification summary report’ 26th March 2014 performed by 
the Carbon Trust. https://networks.sustainablehealthcare.org.uk/networks/sustainable-respiratory-care/

carbon-footprint-gsk-inhalers

relatively easy, as all the CO2 involved 
in production will be disposed of by 
high-temperature incineration. The 
life cycle analysis (LCA) is not too 
daunting for the engineer. 

For treating a chronic disease where 
daily medication is prescribed, then 
I would suggest the fairest method 
is to look at CO2 per day and thus 
per year for that treatment. So, for 
instance, in the future there might 
be once a week depot drug by nasal, 
subcu, intramuscular or even lung 
delivery that although carbon-heavy, 
has a lower total CO2 footprint than 
say 28 (seven bidaily doses, requiring 
two puffs) or low-carbon daily tablets.

Another very clear trend is to try 
and reduce the amount of plastic 
waste that humans produce every 
year. There is no evidence that there 
will be exceptions made for medical 
devices in the future. Every sector 
will be made to do its bit to reduce 
consumption – drug delivery devices 
clearly need to be made as light as 
possible. It is a shame but plastic 
recycling is not currently done at this 
time to any great extent. I know that 
PET bottles can be made into fleece 
material for making clothing – I bought 
a Patagonia product in the 1990s 
made of such material. PP, which is 
commonly used in medical devices, 
such as inhalers, is recyclable, but only 
about 1% of consumption is currently 
recycled. I believe that POM and PBT 
– common engineering grades – are 
also not recycled much at this time. 

One hopes that plastic recycling will 
be improved, but only if it becomes 
commercially viable.

Medical devices like inhalers have 
to be made from virgin medical grades 
of materials, with no regrind. If the 
regulatory authorities, like the FDA, 
moved to a more pragmatic position 
for non-human contact components, 
then the window would be open to use 
more recycled materials in devices, 
and so potentially reduce carbon.

Biomaterials – not made of 
plastic and easily degradeable – are 
entering the R&D device arena. To 
my knowledge, there are no like-for-
like swaps for, say, PP, yet. There are 
exciting opportunities in this area, 
but only if the materials are both 
low-carbon LCA and biodegradable 
or reusable in some way.  

Metered dose inhalers form the 
bulk of prescribed asthma and COPD 
treatments both in the UK and the 
USA. As most people know, they 
contain HFA propellants in each can, 
varying between six and 18 grams – 
including roughly 15% overage that 
remains in the canister at the end of 
use. The most common HFA used is 
134a which has a GWP of 1300, which 
makes for a large multiple to convert 
HFA weight to CO2 equivalent (CO2e).  

The BBC in late 2019 reported on the 
NHS sustainability development unit’s 
desire to reduce the use of MDIs to 
lower NHS carbon emissions by a few 
percentage points. Patients would be 
switched to lower carbon multi-dose 
dry powder devices, but which contain 
more plastic and metals and are 
more difficult to recycle than MDIs. 
This NHS top-down forced switch on 
non-medical grounds is revolutionary 
in the field of medicine. It shows that 
people wish to and will act to reduce 
global medical CO2 now – and this 
trend will only accelerate over the 
next decade.

Interestingly, low GWP HFA inhaler 
propellants like 152a and 1234 are 
emerging at the R&D stage that 
could provide the lowest carbon per 
dose product in tomorrow’s market. 
Congratulations go to Chiesi for 
taking the inhaler industry lead with 
152a propellant in MDIs and taking 
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responsibility for future green inhalers 
seriously. 

A typical drug delivery device LCA 
looks like this:

First stage – energy, waste and 
emissions will be considered for 
the raw material production, then 
processing, assembly, testing and 
packaging. This first stage applies to 
plastics, metals, films and naturally 
the active pharmaceutical ingredients 
and excipients which in themselves 
can contain a surprisingly large 
percentage of the overall carbon 
footprint of an inhaler.  

Second stage – there is the carbon 
journey from factory to warehouse 
to pharmacy to surgery/hospital/
home – this is mostly product weight 
dependent.  

Third stage (usage) – for example, 
in an MDI containing HFA the through-
life emissions come next – typically 
less than 15% +/- 5% of the propellant 
fill weight. 

The fourth and final stage is 
recycling/reuse or disposal of the 
product. If materials can be recycled 
on an economic scale, there can be 
carbon negative offset in this final 
stage. New product designs can be 
designed and made for re-use, and 
this can drastically cut the carbon 
ticket price. Say a current single-use 
product can be used safely ten times, 
then the carbon footprint falls to 10% 
of the single-use product.  

For parenteral products such as 
syringes or injectors that can be 
biologically contaminated (blood and 
pathogens) during patient use, safe 
disposal involves high-temperature 
incineration which is carbon heavy, 
and I cannot see this requirement ever 
changing. Incineration can be made 

more fuel-efficient, but that is out of 
the control of the inhaler industry and 
lies with combustion engineers and 
hospitals.

There has been a growing number 
of active devices with electronics, 
batteries, connectivity to mobile 
computers etc., both in final stage 
R&D development and entering the 
market as treatment products in the 
last few years. It is probably fairly 
obvious that these complex devices 
are considerably more carbon heavy to 
produce than a passive simple device, 
and so contain more embedded 
carbon as it is known. To make these 
products work in the low-carbon 
future, they need to be long-lasting, 
perhaps up to 1000s of doses for 
chronic long-term treatments.

In the mobile phone market 
today, the high-value products are 
simply memory reset in the second-
hand store, resold, and so re-used 
a number of times before disposal. 
Electronic medical devices need to 
follow this multi-use trend, to reduce 
the product LCA and thus the patient 
annual treatment carbon footprint.

So, to sum up the UPC inhaler 
device predictions for the 2030 
market are: 

• High weight, single-use devices 
will no longer be used.

• High weight, monthly-use 
devices will be being switched 
out.

• Lowest weight devices, with 
lowest LCA treatments will 
be preferentially prescribed, 
assuming clinical equivalence.

• Carbon per product dose or 
carbon per treatment year 
manufacturer declaration 

legislation will be in place in all 
territories.

• Life cycle product responsibility 
legislation for manufacturers 
is likely to be in place in some 
territories (cradle to grave 
respon- 
sibility).

• Re-use of high-carbon 
electronic devices will be 
becoming a requirement, as well 
as re-use of single-use high 
weight products.

I am sure many drug companies will 
explore alternative routes to changing 
the core carbon activity in their legacy 
product manufacturing by carbon 
offset investments in, for example:

• Plant biota (forest growth, 
rewilding, peat bog) 

• Renewable electricity investment 
(yet more windmills, photovoltaics 
and nuclear) 

• Scaling up of carbon capture 
systems (currently proof of 
principle only)

I look forward to the change that 
the new carbon economy will have 
on medical devices and look forward 
to the expression of those new 
aims in new products. Engineers are 
always most productive when new 
rules change requirements and so 
drive better products. Exciting and 
challenging times.


