
The Overlooked Sustainability Lever: 
Human Factors in Drug Delivery

Featured in October’s issue of ONDrugDelivery, Adrian 

Segens and Robin Huedepohl, consider the effects of 

device design choices on environmental impact, looking 

at how design decisions can be optimised to reduce drug 

or device wastage, improve benefits for patients and 

ultimately minimise carbon footprints.

Injectable therapies have been moving out of the clinic  

and into the home at pace for over a decade and the shift 

shows no sign of slowing. Biologics that once required 

administration by a healthcare professional are now supplied 

to patients for subcutaneous self-administration, and the 

growth of glucagon-like peptide-1 therapies has made 

combination products available to an unprecedented number 

of largely untrained users. 

There is arguably an environmental benefit to this shift. At-

home administration removes the need for journeys to the 

clinic, reduces clinical contact time and, where it improves 

disease control, avoids the frequency of flare-ups and hospital 

admissions. That argument depends on a condition that may 

seem obvious – the treatment must be delivered as intended, 

whether through patient compliance, treatment regimen 

adherence or correct use of the delivery device.

Each instance of device misuse – whether that be a dose 

that is stored incorrectly, not fully delivered or discarded in 

an unused device – erodes the environmental cost-benefit 

trade-off behind the production of the drug, primary 

container, device, packaging, transport and storage. 

Misuse is not a user failure; it arises from interactions between 

the user, device (including its training offering, labelling 

and packaging) and use environment, and can represent 

opportunities to improve design. 

Most of the work to address sustainability currently sits 

upstream of dose delivery – particularly around materials, 

manufacturing and supply-chain environmental impacts.  

For example, material selection, lightweighting, manufacturing 

efficiency, packaging reduction and end-of-life recovery are 

specified, measured and compared within engineering and 

lifecycle assessment (LCA) processes. A broader approach is  

to consider the overall treatment as the functional unit, 

bringing both the drug and delivery device within the scope 

of LCAs. Even with this wider scope, models tend to focus on 

residual drug losses.

An LCA by ApiJect (Stamford, CT, US) modelled the remaining 

drug in the container after delivery but without consideration 

of doses lost due to device mishandling. This is a gap that 

needs to be addressed further. Human factors engineering  

is not only a safety discipline, but also a tool for understanding 

how much of a treatment’s footprint is spent on doses that 

never work.

Material selection and reduction remain important 

sustainability levers, but their effect must be considered 

alongside the losses that occur when treatments are not 

successfully administered.
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The comparison that follows illustrates where design efforts 

can have the greatest overall benefit, rather than ranking 

one type of improvement over another.

How much can device design actually save?

The first question to ask is not “How much carbon does 

sustainable device design save?”, but “How much of the 

treatment footprint sits outside the device?”. A published 

LCA of the prefilled ApiJect injector (ApiJect Systems, 

Stamford, CT, US), a single-dose device that pairs a blow-fill-

seal plastic container with a double ended needle hub, put 

around 29% of the lifecycle carbon footprint on the drug 

and 71% on the device, packaging and manufacturing [1].

Two details qualify that figure. Firstly, the 29% rests on a 

normalised drug intensity of 10 kg CO2-eq per kg rather 

than a product-specific figure. Secondly, the drug-related 

share counts the residual volume left in the container, not 

the doses lost due to incorrect use. 

The carbon footprint of a drug is neither negligible nor fixed. 

It rises with the carbon intensity of the API (such as low-yield 

synthesis routes and cold-chain storage requirements) and 

falls as the device and its container get heavier. Reducing 

the device’s environmental impact is a possibility, but it is a 

bounded one. Materials, mass and manufacturing changes 

act only on part of the carbon footprint that the device 

occupies. That part is 71% of the ApiJect total, so a 20% 

reduction in it lowers the total treatment footprint by 14.2%. 

When the drug accounts for a larger share of the carbon 

footprint, the same improvement delivers even less impact 

(Figure 1). However a wasted unit affects the footprint of 

both the drug and device.

Use-related losses are not bounded by the footprint of 

the device. A device with the same materials footprint 

but designed to reduce use-related failures may deliver 

more of its doses. Conversely, when a whole unit is lost 

without delivering a therapy, both drug and device are lost 

together, meaning that loss scales with the entire footprint 

rather than with part of it. Quantifying the environmental 

significance of these losses constitutes an important focus 

for future research, as current real-world data remains 

limited.

Therefore, headline device improvements to sustainability 

must be read against the drug footprint share. YpsoLoop 

(Ypsomed, Burgdorf, Switzerland), launched in October 

2025, estimates an 87% reduction in material-related CO2 

emissions when compared with a conventional autoinjector, 

achieved through the use of bio-based and sustainable 

materials in a platform designed for disassembly and 

recycling [2]. Material-related emissions are only one aspect 

of the device footprint, so the effect on the overall treatment 

footprint is a fraction of reduced emissions, and component 

recovery depends on devices being returned into a 

managed end-of-life pathway.

Figure 1:  

Graph showing two improvement 

programmes compared at 

three share footprints splits 

of drug and device. Based on 

assumptions detailed in Table 1. 

Reducing device materials acts 

only on the device share of the 

footprint, so its value falls as 

the drug share carries more. 

A wasted unit takes drug and 

device together, so that saving 

does not change, and the two 

are level where the drug carries 

about 70%. [1]
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How much does a wasted dose add to the 

overall carbon footprint?

The answer depends on the composition of the footprint 

rather than on which impact is counted.

A single-dose case is used here as the simplest, most 

conservative estimate of how a wasted dose affects an 

overall carbon footprint. At worst, when a whole-unit loss 

occurs – perhaps through incorrect storage, preparation or 

activation by the user – drug and device are lost together, so 

the whole carbon footprint is carried by a single dose.

Table 1 compares two assessments of the same product 

using different functional units: environmental impact per 

unit manufactured and environmental impact per dose 

successfully delivered. This distinction is consistent with 

those allowed by ISO 14044 [3]. 

The conventional assessment – impact per unit manufactured 

– shows one environmental lever. Cutting the device share of 

the footprint by 20% is worth 14% of the total footprint. The 

second assessment reveals two levers: that same 14%, and a 

further 6% when cutting whole-unit loss from 8% to 2%. This 

second lever carries a little under half the impact of the first, 

which is not shown at all by a conventional assessment.

This is not to say that any single human factors intervention 

will deliver a reduction in a product’s carbon footprint. The 

environmental value of a design change ultimately depends 

on the loss that it addresses.

Many steps that do affect the device loss rate are already 

addressed through human factors considerations, such as 

storage before use, the preparation sequence, activation and, 

where applicable, completing a device return.

Partial losses cause different outcomes. If 10% of injections 

result in a quarter of the dose lost to a wet injection, the 

drug wasted is 0.7% of the total footprint, against 8.7% for 

an 8% whole-unit loss rate (more than ten times larger).

Not all losses are entirely use-related. Overfill and priming 

volumes are set by the formulation and the container. Cold-

chain excursions occur during distribution and in pharmacy 

handling. Devices fail and doses expire unused. Moreover, 

from a human factors perspective, foreseeable use-related 

losses are understood as shortcomings in the design of the 

system, not failings of users. Design teams can influence 

these losses through changes to packaging, device design, 

storage guidance, return systems or service design.

Where does use-related loss occur?

While human factors is typically associated with safe and 

effective use, [4,5] it also influences sustainability outcomes. 

From a sustainability perspective, a key question is how user 

interactions can lead to the loss of drug, device hardware 

or recovery value. Selected device categories illustrate how 

these losses arise in different ways. 

Autoinjectors, pen injectors and prefilled syringes

Across these device categories, the most costly events are 

whole-unit losses, where both drug and device are discarded 

together. Incorrect storage before use and accidental 

activation during preparation both consume the unit without 

delivering the therapy, and even over-priming a pen injector 

partially wastes drug.

Loss of drug during a wet injection – where the device is 

lifted before delivery is complete and drug escapes at the 

needle or leaks back from the injection site – also significantly 

affects the environmental impact (while its clinical impact is 

product specific). That impact grows as dose volumes rise. 

Table 1:  

Two assessments of the same 

product, di�ering only in the 

functional unit. Illustrative 

values are chosen to show 

sensitivity, not to represent a 

speci�c product.

© CAMBRIDGE DESIGN PARTNERSHIP THE OVERLOOKED SUSTAINABILITY LEVER: HUMAN FACTORS IN DRUG DELIVERY   |    3



In response to this, the designs to test include packaging 

that presents components in the order of use, pre-prime 

locking, unambiguous dose progress and clear end-of-dose 

feedback. Similarly, a fixed multidose device specified for  

four doses but abandoned after two leaves its hardware 

carrying twice the environmental burden assumed by the 

per-dose assessment.

Disposable on-body devices

Disposable on-body devices carry more hardware per 

dose, often including electronics and a battery, so each unit 

loss costs more than a purely mechanical equivalent. Poor 

attachment can mean the dose is not delivered correctly, 

and removing the device early wastes the undelivered drug 

in the device or on the skin.

Digital and connected elements

Connected devices, apps and electronic instructions can 

reduce waste by improving dosing confidence, prompting 

returns and keeping hardware in service, but they are not 

automatically sustainable. Electronics, batteries, sensors and 

data infrastructure add environmental impact at a time when 

global e-waste is rising by around 2.6 million tonnes a year, 

with only about a fifth formally collected and recycled [7].

The question is targeted – “Which waste mechanism does 

this digital element remove, and is the reduction in footprint 

larger than the environmental impact that the element 

adds?”. Misread status indicators may prompt a patient to 

discard a working unit, though how often this happens is not 

well documented. Adhesion, a clear wear-time signal and 

status indicators that distinguish a fault from a completed 

dose are all levers which may reduce avoidable losses.

Design levers across device categories

Across all discussed device categories, the design levers are 

familiar. The sustainability lens asks, “Which lever affects 

the most environmentally significant part of the treatment 

system?”. Figure 2 maps each lever to the stage it acts on 

and the loss it may prevent. Table 2 sets out where the 

losses arise in each category.

Table 2: Examples of use-related waste mechanisms by device category. Illustrative, not an exhaustive list.

Figure 2:  

Design levers 

mapped to the 

treatment stage 

they act on and 

the loss each may 

prevent.  

Illustrative, not an 

exhaustive list.
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Adherence magnifies effects at larger scales

The same principle applies at larger scales for non-

adherence to chronic therapies. Non-adherence is a 

substantial field of study, with a large set of psychological 

and behavioural literature behind it. The difficulty is in 

isolating the device-attributable part rather than explaining 

the whole effect.

A treatment manufactured, distributed and dispensed but 

never used produces its full carbon footprint with no patient 

benefit. Adherence to long-term therapies for chronic 

illness in developed countries averages around 50% [8], and 

unused or wasted prescription medicines cost the NHS in 

England around £300 million per year [9].

Non-adherence is influenced by many factors, including side 

effects, access to treatment and clinical support. However, 

some barriers are directly affected by device design, 

including needle anxiety, uncertainty that a dose has been 

successfully delivered, packaging and treatment routines 

that are difficult to integrate into daily life. When these 

barriers lead to treatment abandonment, the sustainability 

outcome is ultimately the same: resources are consumed 

without delivering the intended therapeutic benefit.

Making waste visible in existing Human 

Factors work

The questions already asked under IEC 62366-1 and 

equivalent Human Factors guidance can be extended to 

sustainability with little additional effort [4,5]. At each stage 

of the treatment journey, designers can ask:

• What could be wasted – drug, device hardware, 

packaging, consumables, or recovery value?

• Which user behaviours could cause that loss and  

are they reasonably foreseeable?

• Which design features, instructions, training, 

packaging cues, or services could reduce 

environmental impact?

• What evidence is needed to understand and  

quantify environmental impact?

Formative human factors studies already identify 

foreseeable use errors and the design causes behind  

them. The same output could answer a second question: 

“What environmental impact could each of those  

errors have?”.

Looking ahead

Sustainability assessments routinely examine the 

environmental cost of producing and delivering 

therapies but have historically omitted the loss-related 

impact of therapies that are not used as intended.  

As injectable therapies continue to move into patients’ 

homes and hands, these losses become increasingly 

relevant to the environmental performance of the  

overall treatment system.

Human Factors is usually discussed in terms of improving 

the safety and effectiveness of drug delivery devices, but 

many of the same use-related failures it seeks to prevent 

also represent the loss of drug product, device hardware 

and recovery value. Incorporating Human Factors 

considerations and data into environmental assessments, 

such as LCAs, has the potential to identify environmental 

impacts that are currently overlooked. 

Combining these two perspectives, manufacturing 

footprint and improved usability, could reveal the true 

environmental impact of a treatment system and where 

improvements can be made. 

drug.delivery.team @ cambridge-design.com

Cambridge Design Partnership is an employee-owned  

engineering consultancy that partners with large,  

multi-product organizations in healthcare and consumer  

markets to strengthen product development. Our teams  

combine expertise in engineering, science, design, and human 

factors to accelerate projects, reduce development risk, and 

deliver commercially and clinically successful products.

Summative studies have then provided the evidence  

that design changes have reduced the occurrence of  

critical use-related errors in the intended context of use, 

providing data that could inform assumptions, modelling 

and scenarios within an LCA.
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