
Abstract 
Global greenhouse gas (GHG) emissions have been on the rise in all sectors of the 
economy in the past few decades, and the healthcare industry is no exception, 
accounting for approximately 4.4% of global emissions1. In addition, as the global 
population continues to expand, and in the wake of Covid 19, waste generation is 
continuing to grow with no sign of slowing. Every industry must find new ways to tackle 
these issues and minimize waste and emissions. With medical sharps waste, the 
traditional pathways of incineration or landfill are only contributing to these problems. 
Due to pressure from the public, governments, and regulators on industry to show 
action on climate change and waste management, pharmaceutical companies are now 
looking at different ways to decarbonise both their internal businesses and their supply 
chains in line with their stated environmental goals. While many hurdles remain, there 
are several new initiatives to tackle injection associated waste, and new collaborations 
forming to address this particular issue. 
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Introduction 
According to recent statistics by Eckleman, et al,2 greenhouse gas (GHG) emissions from 
the healthcare sector in the US rose by 6% between 2010 and 2018. In addition, the 
World Health Organisation (WHO) estimates that over sixteen billion injections are 
administered globally every year with a high proportion of the associated waste being 
incinerated or sent to landfill, contributing to the planet’s growing waste and emissions 
problems.3 In the US alone, three billion injections are administered by patients and 
their caregivers in the home setting.4 In the wake of Covid 19, and as the digitisation of 
healthcare further enables home care opportunities, these numbers are only set to 
increase.  
 
While many hospitals and clinics are already trying to tackle this waste stream in a more 
sustainable manner, the at-home injection user has no such options. They are often 
already overwhelmed by their health concerns and follow the minimum guidelines for 
safe needle disposal in the US; At best, patients deposit their sharps waste in labelled 
heavy plastic containers then dispose of them into the household trash,5 or mail them 
directly to medical waste processors who incinerate or landfill them. At worst, this at-
home waste is deposited directly into the household garbage without any additional 
containers used creating a health hazard for disposal workers. None of these methods 
are satisfactory, however patients are often unaware that there could be better, more 
sustainable solutions to manage their waste. 
 
Pharmaceutical companies, on the other hand, are coming under increasing pressure to 
take action to reduce both emissions and waste generated. They face pressure from 
consumers, regulators, and reputational forces to show action on climate change and 
are often aware that current and future regulations will mandate further changes. 
However, tackling this waste stream from the home user involves many challenges 
including logistic, regulatory, and end-of-life considerations. 
 
Despite these challenges, most large pharmaceutical companies have already 
committed to ambitious climate targets which include waste and emission reductions 
and are now actively looking at how to reduce their waste, decarbonise their businesses 
and ultimately, influence their supply chains. To do this, they need to evaluate current 
models and examine their supply chains in detail to determine where they can have the 
biggest impact. Some are adopting circular models along their value chains to enable 
their sustainability goals, as opposed to previous linear approaches employed. The two 
approaches are described below. 
 
Linear Model 
The linear economic model in Figure 1 is what the current system is based on and is 
common in all industries. It is also sometimes referred to as the “Take, Make, Dispose” 
model. In the linear model, raw materials are extracted from the earth, made into 
products, distributed, used by the consumer (in this case the patient), and then 
ultimately thrown out and destroyed. For pharmaceutical companies, once the used 
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sharps enter the waste stream, they are then disposed of by the patient through a 
variety of channels, before being processed by healthcare waste handlers through 
incineration, or through sterilisation, shredding and landfilling. This traditional model 
has been used to ensure safety when dealing with medical waste and to avoid 
needlestick injuries. However, this model assumes that the earth has an endless supply 
of resources and an infinite capacity to regenerate.  
 
The Global Footprint Network7 calculates the rate at which humanity is using its natural 
resources. Each year, they determine the date within that year at which humanity has 
used its annual allotment of natural resources if they are to stay within a sustainable 
model. Since 1970, this date has been trending earlier and earlier each year, and in 
2022, they determined that the demand for resources outstripped the earth’s 
regenerative capacity on July 28th.  At this rate, it would take approximately 1.7 times 
the Earth’s resources to keep up with this demand. As corporations, governments and 
the public begin to recognise this incongruence, they are beginning to turn to the 
circular model as a counter to this trend.  
 

 
Figure 1 - Linear Economic Model6 

Circular Model 
In contrast to the linear model is the circular model in Figure 2. In this model, as few 
resources as possible are extracted from the earth and used to build products which can 
be reused for as long as possible, and then disposed of in the most sustainable manner8. 
Circular solutions can be applied to help achieve sustainability goals and can be enacted 
in various ways along the value chain. The circular model enables lower costs as 
products stay in the market longer and need fewer raw material inputs. The circular 
model can also be a driver of new sources of revenue and customer segments. However, 
implementing a more circular model for sharps waste generated from the home user 
presents several challenges. 
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Figure 2 - Technical and Biological cycles of Circular Economy Model8 
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Challenges to More Sustainable Waste Management 

To understand the challenges for more sustainable sharps waste management, it is 
helpful to understand the product pathway for an injectable device as outlined in Figure 
3. 
 

 
Figure 3 - Home Injection Waste Pathway 

In the United States, injectable medications are manufactured by the pharmaceutical 
companies, prescribed by healthcare providers, sold, or given to patients through the 
pharmacy network, and then ultimately used by the patient in the home setting. At this 
point, the patient has several options for disposing of their now used medication. They 
can dispose of it in their household trash (safeneedledisposal.org identifies how to do 
this safely), or they can collect their used medications together in a designated sharps 
bin and then return the bin either in person or by mail to a healthcare waste provider 
(via a collection service).  
 
There are challenges for pharma on three levels - how to retrieve this waste from the at-
home population (logistics); what to do with it once it is retrieved (end-of-life); and how 
to stay within regulatory boundaries around medical waste.  
 
Logistics 
In the US, one of the largest barriers to sharps take-back initiatives is patient education. 
While there are some excellent resources, such as safeneedledisposal.org, successfully 
educating patients on sharps waste is still a barrier to more sustainable waste 
management. In addition, for patients that have learned to dispose of their needles in 
the household trash, re-educating them to use a mailback or a drop-off program can 
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present resistance as cost and time can be barriers to learning and adopting a new 
system.  
 
Another logistical challenge is the cost incurred by the supplier. Unless companies are 
forced into take-back programs such as through the legislation passed recently in 
California9, then companies can be resistant to bearing the cost of reverse logistics and 
waste management.  
 
Finally, while some of the benefits of a more sustainable waste management process 
may be appealing and reduce carbon and waste at the end-of-life of a product, 
collection and transport of the waste, if not carefully designed and implemented, can 
add to the carbon footprint over large geographies, rather than decrease it. 
 
End of Life Options 
If a company wishes to minimise their waste or improve their carbon footprint, they 
must also explore the different options available for sharps waste after logistics have 
been solved for and the waste has been collected. Most of the current methods for 
disposal add to the waste and emissions burden rather than reducing it.  
 

 
Figure 4 - Waste Hierarchy 

It is helpful to do a quick review of the waste hierarchy as seen in Figure 4, which 
indicates options for waste management from the most to least-favoured option. 
Prevention is always the preferred method, but where waste is unavoidable, such as 
with sharps waste, the preferred options are to minimise this waste, attempt to reuse 
components, recycle what cannot be reused, incinerate what cannot be recycled to 
generate energy, and then ultimately, landfill as a last resort. Below are some of the 
more common options for sharps waste in the United States as well as other, more 
exploratory alternatives.   
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1. Autoclave (steam sterilisation) and landfill: This is still the most common form 

of sharps disposal in the US. The advantage is that it is safe and effective and 
abides by current regulations on the disposal of regulated medical waste. In this 
form of waste disposal, entire bins of waste, sometimes along with their 
cardboard packaging, are placed in very large autoclave devices, which steam 
sterilise the contents to remove any traces of pathogens. The entire contents are 
then shredded. At this point the bulk of the waste has been reduced and made 
non-hazardous, and it is then transferred to landfill. However, landfill is 
notoriously polluting; In 2019, the US released approximately 114.5 million 
metric tons of carbon dioxide equivalent (MMTCO2e) of methane into the 
atmosphere through landfilling, adding to the burden of climate change.10 
Hence, landfilling is an undesirable long-term option. 

2. Incineration: Before the laws were changed in 1997, 90% of medical waste was 
incinerated.11 That number has dropped significantly, however some incineration 
still takes place in the US. Autoclaved waste may also still be incinerated, 
releasing further chemicals into the atmosphere.  

3. Incineration with energy recovery (Waste to Energy, WtE): While incineration 
with WtE recovers some energy which can offset C02 emissions, and is more 
common in Europe, it can still release toxins into the atmosphere and is 
ultimately not a sustainable solution.  

4. Sorting/Recycling of components or autoclaved material: If enough material is 
being processed through an autoclave device, then it becomes more economical 
to begin to sort the shredded material with robotic sorters so that some of the 
waste can be recovered for recycling or made into new products like plastic 
boards or chairs. Metals and heavy plastics (polypropylene in particular) can 
have financial value on the secondary market. However, this waste can still be 
very challenging and expensive to sort, requires scale, and can often only be 
recycled once. While it is certainly a step in the correct direction, it is not as 
efficient as designing sharps and their support systems for reuse. 

5. Design for disassembly: Ultimately, if we intend to keep our devices in use for as 
long as possible, we must begin to look at designing them for disassembly and 
reuse or for parts recovery. There are many challenges to this approach, 
including compliance with regulations around the proper disposal of used 
medical waste, and working with the full supply chain to produce devices that 
can be easily used by the patient, are completely safe, and can still be 
disassembled, sterilised, and reused at the end of their life. However, this is the 
direction that all companies will need to travel if we are to build a sustainable 
future.  

 
Regulation 
Regulation in California now mandates that all pharmaceutical companies and other 
covered entities take full responsibility for the end of life of any products sold in or into 
the state, so that any entity handling home generated sharps is now required to show 
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that they have mailback programs in place for sharps waste, free of charge to the 
consumer.12 This regulation now compels pharmaceutical companies to either join an 
approved reverse logistics program or go through the process of getting a mailback 
system in place and approved by the US Postal Service. These types of regulations, 
known as Extended Producer Responsibility (EPR) programs, are becoming more 
common in the US, as consumers recognise the waste that is being created by large 
companies in every industry, and begin to pressure state governments to address this. 
 
While pharmaceutical companies are feeling pressure to address this waste, regulations 
around the safe handling and treatment of sharps waste make finding sustainable 
solutions difficult, though not impossible. Below are some examples of companies that 
are already trying to address this in new and innovative ways.  
 
Current Initiatives 
Becton Dickenson launched a circular initiative in 2011, called the EcoFinity Solution.13 
In this solution they collected sharps waste, processed it, and then used the plastic that 
was recovered to create new sharps bins. While this is a notable example of circular 
economy, the program is no longer in operation. In its place is a product line of sharps 
bins, cabinets and trolleys that are made with a variety of post-consumer recycled 
materials in varying amounts.  
Novo Nordisk, which produces and distributes more than 600 million insulin pens per 
year, has recently undertaken a project to convert waste from their insulin pens into 
plastics that can be used to make chairs. In addition, they have melted down the 
internal glass vials and used them to make lightbulbs.14 This project has recently moved 
from a pilot phase into a broader rollout in Denmark, where the local population is 
being educated on bringing their waste to the local pharmacy for collection. They are 
intending to expand into further geographies and are very ambitious in their 
sustainability goals 
Janssen (Johnsen & Johnsen) has recently launched their SafeReturns15 take-back 
program in Switzerland, where patients can mail individual autoinjectors back to Janssen 
using a specifically designed envelope, outside of a sharps container, and are currently 
exploring what they can do with the returned devices. This program is a also expected to 
be rolled out in further geographies in the coming years.  
Ypsomed announced their Ypsomate Zero,16 an autoinjector that is made with 
alternatives to plastic (biopolymers), and a packaging design that follows circular 
principles. They are also working with others along the supply chain and have formed a 
supply chain alliance16 with seven other companies to amplify and accelerate their work 
as they aim to achieve net zero carbon emissions by 2030.  
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Case Study: HealthBeacon – a Circular Approach 
HealthBeacon is a medication adherence technology 
company which develops smart tools for managing 
medication.17 HealthBeacon’s FDA-cleared Smart 
Sharps Bin (Figure 5 and 6) has been developed for 
the home-injection market, and tracks patient 
injection history, provides personalized interactive 
dose reminders and safely stores used injections. 
With the intervention of HealthBeacon’s Smart 
Sharps Technology, improvements in patients’ 
adherence to medication by up to 26% across multiple chronic conditions has been 
reported18. The system can also improve persistence, with 19% more patients remaining 
on therapy twelve months after initiation, relative to those without access to the 
support platform.19 In addition to promoting better health outcomes, increasing patient 
adherence means less medication goes to waste without ever being used. This is the 
first step in sustainability for injection devices. 
 

 
Figure 6 - HealthBeacon Unit 

EPR and the Circular Model 
HealthBeacon has taken an Extended Producer Responsibility (EPR) approach as part of 
its fundamental business model, embracing end-to-end product stewardship and 
sustainability. From inception, HealthBeacon was in the practice of refurbishing and 
redeploying their Smart Sharps Bins in a circular manner but as the company grew, they 
wanted to address the wider challenge of injection waste from the home user, and in 
particular, explore how they could better manage their device’s internal single-use 
sharps bins. To do this, HealthBeacon built a reuse lab in Dublin, Ireland to manage the 
waste that passes through their Smart Sharps Bin in a more sustainable and circular 
way. First, they had to solve for logistics which they did using their smart technology.  
 

Figure 5 - HealthBeacon & Sharps Bin 
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Figure 7 HealthBeacon drops 

 
The HealthBeacon Smart Sharps Bin is comprised of the digitally connected 
HealthBeacon unit, surrounding an inner, single-use sharps container. When the patient 
deposits their used injection into their HealthBeacon Smart Sharps Bin via the trap door 
on its upper surface, it falls into the internal sharps bin (Figure 7). A camera in the trap 
door captures each deposit made, allowing for a real-time and accurate log of injection 
waste deposited to be tracked. This is used as a measure of patient adherence to 
prescribed therapy. As each Smart Sharps Bin is uniquely assigned to an individual 
patient, the system knows which medication that patient is due to take, and when. 
Therefore, with product specific dimensions in mind, the capacity of the internal bin can 
be calculated and monitored. This system notifies HealthBeacon when the bin is nearing 
capacity, whilst patients can also contact HealthBeacon to request a new internal sharps 
bin. At that point, the patient receives a new bin in the mail, along with a USPS 
approved sharps mail-back kit. They are then guided through the process of packaging 
and mailing their used sharps back to HealthBeacon for further processing. This 
automated monitoring system ensures efficiency, as only full bins are collected, further 
reducing waste, whilst alleviating the burden of sharps waste management in the home 
from patients.  
 
HB Green Labs Solution 
The goal for HealthBeacon was to recover their internal sharps bins and put them back 
into circulation, rather than send them for incineration or landfill at the end of their life 
cycle. HealthBeacon developed an 8-step process for recovering and sterilising their 
internal sharps bins, allowing them to save plastic, water, and carbon. The first lab was 
completed in 2020, and HealthBeacon Green Labs, Dublin became fully operational in 
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early 2022. A second HealthBeacon Green Labs facility in Florida was also completed in 
Fall 2022 and will be fully operational in early 2023. These waste recovery and recycling 
facilities allow HealthBeacon complete control of their product along with the internal 
injection waste. 
 
Working with the Clean Technology Centre, Cork, and with Clearstream Solutions in 
Ireland, HealthBeacon was able to measure and project the carbon, water, and plastic 
they could save through this circular reuse process for what were typically single-use 
bins.   
 
This left HealthBeacon with the sharps waste itself, which was separated out in the bin 
recovery process.  
 
Currently, HealthBeacon uses a small in-house autoclave to process this waste, which is 
then removed to be used in a waste to energy plant. Future plans involve more 
sophisticated processing options and research into possible disassembly options that 
would allow for better recovery of individual components or materials for recycling or 
reuse. 
 
HealthBeacon recognized that they had an opportunity to align with their client’s 
sustainability goals and many pharma companies have signed on to this innovative 
solution for reducing sharps waste. 
 
Forming Alliances 
While addressing the capacity to reuse the internal sharps bins, HealthBeacon also 
wanted to tackle the waste within the sharps bin itself. The company was aware that 
this would involve collaborating with other companies along the supply chain. 
Therefore, in June of 2021 HealthBeacon co-founded a Swiss-based membership 
association along with Ypsomed and six additional partner companies active in the 
injectable device value chain. This group, the Alliance to Zero,20 was formed with the 
vision of facilitating the transition of the pharma sector to compliance with net zero 
emissions in line with the goal of the Paris Climate Agreement.21 The group’s goal is to 
develop a net zero product offering by 2026, to be employed by pharma in regulated 
markets no later than 2030. While still in its infancy, they recognise that only through 
further collaboration with experts, universities, governments, and regulators will they 
be able to accomplish their set objectives.  
 
Conclusion 
Sharps waste from the at home injection market is a challenge to tackle for a variety of 
reasons. The current disposal system of landfill or incineration is correctly based around 
safety for patients, care-givers and waste handlers; however, it is damaging to the 
environment and unsustainable. If we are to have the impact that will be needed to 
avert the worst impacts of climate change, then all waste streams, including sharps 
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waste, must be transformed to a more circular model, without sacrificing safety or 
quality.  
 
Patient education, logistics, end of life options and varied regulations all play a part in 
the planning and execution of any option that is more sustainable than currently 
available. While there are several examples of companies that are working individually 
to solve this problem, a collaborative effort will be needed for maximum effect. 
Collaborations must be formed not only between supply chain members, but also 
between the private and public sectors, between government regulators and waste 
handlers, and between an educated public and businesses that can adapt. Only then can 
we be truly effective in working towards a more sustainable future. 
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