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Abstract: The Breezhaler® dry powder inhaler (DPI) has a low carbon footprint compared with other
inhalation therapies, consistent with the literature on other DPIs. This life-cycle assessment was
conducted in France, Germany, the UK, and Japan using a “cradle-to-grave” technique to evaluate
six environmental impact categories (global warming potential; acidification; ozone depletion; use
of resource, minerals, and metals; eco-toxicity; and freshwater use) associated with the use of the
Breezhaler®. Three variants of the Breezhaler® (30-day packs with and without the digital companion
and a 90-day pack without the digital companion) were evaluated to identify major hotspots in the
device life-cycle and to provide realistic solutions to reduce the environmental impact. Although
no single life-cycle stage dominated the climate change impact of the 30-day device with the digital
companion, the inhaler’s raw materials and packaging contributed to 96% of the resource depletion
impact for the 30-day device without the digital companion. For the 90-day device without the
digital companion, packaging contributed 42–62% of the impact across all categories. Overall, the
Breezhaler® inhaler with the 90-day pack had the lowest environmental impact. The environmental
impact of the device did not vary significantly among the considered markets. Further studies
are needed to assess the impact of active pharmaceutical ingredients and improvement in clinical
outcomes on the environment.

Keywords: Breezhaler® respiratory inhaler; life-cycle assessment; environmental impact; cradle-to-grave

1. Introduction

Respiratory inhalers, which deliver medication directly to the lungs, are an integral
part of the management of respiratory diseases. However, these inhalers contribute signifi-
cantly to the environmental impact of healthcare, accounting for 3% of the carbon footprint
(CFP), as reported by the National Health Service [1]. Among respiratory inhalers, pressur-
ized metered-dose inhalers (pMDIs) have a much larger carbon footprint than dry powder
inhalers (DPIs) [2–4]. Metered dose inhalers have hydrofluorocarbon propellants that are
powerful greenhouse gases and persist in the atmosphere for between 14 and 260 years.
Dry powder inhalers do not use these propellants and have substantially lower global
warming potential, producing 20 g CO2 equivalent per dose compared with 500 g CO2
equivalent for metered dose inhalers. [5] A study by Jeswani and Azapagic showed that
the use and end-of-life stages contribute significantly (~90%) to the carbon footprint of
hydrofluoroalkane inhalers, which was estimated at 26.9 kg CO2/100 doses. The carbon
footprint of DPIs is 10 times smaller (2.7 kg CO2/100 doses) [6]. A study by Wilkinson
et al. demonstrated that changing from a pMDI device to a DPI could save 150–400 kg CO2
equivalent (eq) annually; this is roughly equivalent to installing wall insulation at home,
and recycling or cutting out meat [7,8].

The Breezhaler® device (Novartis Pharmaceuticals) is a breath-actuated DPI that
is used to deliver medications for chronic obstructive pulmonary disease and asthma.
Recently, the fixed-dose once-daily combination of indacaterol acetate and mometasone
furoate (IND/MF) and of indacaterol acetate, glycopyrronium bromide, and mometasone
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furoate (IND/GLY/MF) delivered using the Breezhaler® have received approval in many
countries. In the European Union (EU), IND/MF is approved as a maintenance treatment
for adults and adolescents aged ≥12 years in whom asthma is not adequately controlled
with inhaled corticosteroids and inhaled short-acting beta2-agonists [9], and IND/GLY/MF
is approved as a maintenance treatment for adult patients in whom asthma is not ade-
quately controlled with a maintenance combination of a long-acting beta2-agonist and a
high dose of an inhaled corticosteroid and for adults patients who have experienced one or
more asthma exacerbations in the previous year [10].

The EU approval of IND/GLY/MF includes an optional sensor and an application
(Propeller Health), making it the first digital companion that can be prescribed alongside a
treatment for uncontrolled asthma. [11] The sensor delivers objective data on medication
use to the Propeller app on the patient’s smartphone.

The CFP of the Breezhaler® has already been assessed in a previous study, which
established that considering other inhalation therapies, the Breezhaler® portfolio has a low
CFP, consistent with the literature on DPIs [12]. Our study was prompted by the findings
of the study by Jeswani and Azapagic and uses the life-cycle assessment (LCA) technique
to examine other environmental impacts and opportunities for improvement. LCA is a
“cradle-to-grave” analysis technique to assess the environmental impact associated with
all stages of a product’s life, from raw material extraction to processing, manufacturing,
distribution, use, and disposal [13].

The objective of this streamlined LCA study was to evaluate six environmental impact
categories (global warming potential; acidification; ozone depletion; use of resources, min-
erals, and metals; eco-toxicity; and freshwater use) of the Breezhaler® in four geographies
(Germany, France, the UK, and Japan) to identify the major hotspots in the life-cycle of the
device and to provide realistic solutions to these problems.

2. Materials and Methods
2.1. Selection of Impact Assessment Methods and Indicators

The streamlined LCA was modeled using the SimaPro LCA software and analyzed
using the International Reference Life-cycle Data (ILCD) environmental impact categories
(v1.11). This study was conducted in accordance with the International Standards Organi-
zation (ISO) 14040 and ISO 14044 standards and per the Greenhouse Gas (GHG) Protocol
Sector Guidance for Pharmaceutical Products and Medical Devices, and this study was
subject to critical review [14]. The study was streamlined and limited to those impacts
that were of interest to the study commissioner. The environmental impact categories
considered in this study are presented in Table 1. Other methods and impact categories are
available, such as RECIPE 2016 (v1.04) [15]. For additional insights and to allow compar-
ison with the findings of Jeswani and Azapagic, the results of the assessment using this
method are shown in Table S1. The LCA results are relative expressions and do not predict
impacts on category endpoints, the exceedance of thresholds, safety margins, or risks.
Normalization, grouping, and weighting of the results were not undertaken in this study.

Product Systems

Breezhaler® devices are sold as 30-day or 90-day packages. The main advantage of
the 90-day package is that only one inhaler device is used over the 90-day period, whereas
in the 30-day package, three inhaler devices are used over the same 90-day period. For the
30-day products, an optional digital companion (sensor, Propeller Health) for the inhaler is
offered. The markets assessed were France, Germany, the UK, and Japan.
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Table 1. Description, with references, of each impact category used.

Impact Category Description Unit Reference

Climate change
(global warming

potential)

Emission of greenhouse gases into the
atmosphere contributes to global warming,
resulting in climate change. Climate change
can severely impact ecosystems and human

well-being because of a rise in sea level,
loss of biodiversity (e.g., coral bleaching),
reduced crop yields, increased frequency

and severity of tropical storms, and an
increased likelihood of extreme weather

events such as floods and droughts,

kg CO2
equivalent IPPC 2013 [16]

Acidification

Emissions of acidifying gases are
eventually washed out in rainfall and

contribute to a decrease in the pH of soils
and water bodies, which can damage

ecosystems by affecting plant growth and
aquatic life. Acidifying emissions can also

damage buildings made from calcium
carbonate rocks (e.g., limestone, marble).

moles H+

equivalent

Seppälä et al.
2006 [17] and

Posch et al. 2008
[18]

Ozone depletion

Stratospheric ozone (the ozone layer)
absorbs damaging ultraviolet radiation

from the sun. Emissions of chemicals, such
as chlorofluorocarbons, have been found to
reduce ozone concentrations in this layer,

resulting in the formation of “ozone holes”
at the Earth’s poles, which increases the
exposure of plants and animals to these

damaging ultraviolet rays.

kg CFC-11
equivalent

World
Meteorological
Organization
(WMO) 1999

[19]

Use of resources,
minerals, and metals

Consumption of non-renewable resources
and mineral and metal resources

potentially makes these less available to
future generations.

kg Sb eq van Oers et al.
2002 [20]

Eco-toxicity Emission of toxic chemicals can damage the
ecosystem’s health. CTUe USEtox

Freshwater use
The total amount of freshwater

(withdrawal) used directly and indirectly
during the product’s life-cycle.

m3 Simple sum
from inventory

Abbreviations: CFC, chlorofluorocarbon; CO2, carbon dioxide; CTUe, comparative toxic units; kg Sb eq, kilogram
equivalent of antimony; mol H+eq, equivalent to one mole of hydrogen ions.

2.2. Functional Unit

A functional unit is a unit of analysis that typically encompasses the specific function
of the product, the duration over which this function is fulfilled, and the expected quality
of the function, if applicable. In our study, the functional unit was defined as follows:
an inhaler device, excluding active pharmaceutical ingredients (APIs), used for 30 days
to treat a patient with asthma differentiated according to the characteristics of the site in
France, Germany, the UK, or Japan.

The 90-day device was analyzed for 30 days of use (i.e., employing the same functional
unit as for the 30-day inhalers).

2.3. System Boundary

Figure 1 outlines the system boundaries for the product with the digital companion
and shows each step in the life-cycle, the location where each step takes place, and the end
market locations. Details on the life-cycle inventory analysis are presented in Table S2.
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Figure 1. System boundaries for devices with the digital companion (green box indicates the location of the production site).

2.4. Inclusions

Capsule/inhaler/digital companion production: this aspect included the production
of raw materials (excluding the API), the transport of raw materials to the production site
and their use in manufacture, the transport to the packaging facility in Spain, and the
energy required during manufacture.

Packaging and distribution: the processes included production of packaging materials
(e.g., card, paper) used directly for packaging production; the transport of raw materials to
the site and their use in the packaging of the Breezhaler® device, digital companion, and
capsules; and the energy used in the packaging and distribution of the Breezhaler® device,
digital companion, and capsules.

Other inclusions: these aspects included the energy used at the pharmacy during
storage, the use of the inhaler by patients, and the disposal of the Breezhaler® device,
digital companion, and packaging.

2.5. Exclusions

API production was excluded as this study was a streamlined LCA of the Breezhaler®

inhaler design and was independent of the APIs that might be delivered using this device.
The inhaler design is flexible and can be used in combination with many APIs that are
delivered via the capsule system.

The digital companion is used to remind the patient to take their medicine, and is, thus,
expected to improve medication adherence. Although these benefits have been proven in
studies using various sensor models, improved patient outcomes, specifically for users of
the Breezhaler® device, have not yet been fully defined; therefore, these aspects were not
included in this study. As the digital companion may have clinical benefits that are not
considered in the study’s functional unit, direct comparisons between the environmental
impact of the devices with and without the digital companion should not be made.
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This study used the recycled content method. In this method, the impact of recycling
or recovering energy from waste is allocated to the end user of the material or recovered
energy, not the party generating the waste. Hence, there was no contribution to the
environmental impact of the product from the recycling or energy recovery processes.
This method was chosen using guidance from the GHG Protocol Product Standard, as
the product contained some recycled input (aluminum in packaging). but no recycling
happened downstream (all was incinerated).

The downside of choosing this method is that energy recovery essentially has no
burden within the system boundary. Thus, the impact of incinerating the inhaler and its
packaging and the displacement of virgin fuels were not accounted for.

Other exclusions from the scope of the study were capital goods and infrastructure,
research and development, app energy use, patient travel to the pharmacy, employee
commute, site waste, and refrigerants.

2.6. Cutoff Criteria

The ISO standards on LCA suggest using a percentage of total mass, total energy, and
total environmental impacts as the “cutoff” criteria (ISO 14044:2006). The criteria that were
used are as follows:

Mass: if the flow is <1% of the total mass of all inputs and outputs, it may be excluded,
provided its environmental relevance is not a concern.

Energy: if the flow is <1% of the total energy inputs, it may be excluded, provided its
environmental relevance is not a concern.

Economic/environmental/social relevance: if the flow meets the above criteria for ex-
clusion and yet is considered to potentially have a significant economic/environmental/social
impact, it must be included. Material flows that leave the system (products, emissions,
waste) and whose environmental impact is >1% of the whole impact of an impact category
that is considered in the assessment must be covered. This judgment is made based on
experience and documented, as necessary.

The sum of the excluded flows must not exceed 5% of the mass, energy, or environ-
mental relevance.

Cutoff criteria applied to background data (energy and materials) were taken from
the ecoinvent 3.6 database and are documented online.

3. Results and Discussion
3.1. 30-Day Device without the Digital Companion

For the 30-day device a without digital companion, inhaler production energy, inhaler
raw materials, and packaging were the top three contributors to all the environmental
impact categories studied, except for freshwater eco-toxicity, where distribution was more
impactful than production energy. For all categories, either packaging or inhaler production
energy was the highest impacting life-cycle stage. Inhaler raw materials and packaging
contributed to 96% of the impact on resource depletion. The production of steel, used
in the manufacture of the Breezhaler® inhaler, was found to contribute to 33% of the
overall impact. The geographical variation in impact was minimal and resulted from
only the difference in downstream activities (distribution and end of life). For example,
the use of ocean freight results in an increased impact on acidification potential for the
Japanese market.

Figure 2 is a graphical depiction of the percentage breakdown of each life-cycle stage
for all countries for the 30-day device without the digital companion.
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3.2. 30-Day Device with the Digital Companion

No single life-cycle stage was found to dominate the climate change impact of the
30-day device with the digital companion. Inhaler raw materials, inhaler production
energy, digital companion raw materials, and packaging all contributed to between 21%
and 26% of the total impact. Acrylonitrile-butadiene-styrene, used in the Breezhaler®

inhaler, accounted for 13% of the overall climate change impact. A similar pattern was
seen in freshwater use impact: none of the life-cycle stages dominated and the four stages
influencing the impact the most were inhaler raw materials, inhaler production energy,
digital companion raw materials, and packaging. Freshwater use was closely associated
with the freshwater used in electricity production rather than its direct use in the production
of the inhaler (Figure 3).

The upstream activities associated with the production of the raw materials for the
digital companion dominated the impact of resource depletion and, to a lesser extent, the
freshwater eco-toxicity and acidification potential impacts, accounting for 94%, 46%, and
39% of the total impact, respectively. The circuit board (the electronics within the digital
companion) accounted for 80% of the total resource depletion impact, with the gold used
in the board accounting for 70%.

The ozone depletion impact was heavily influenced by upstream activities associated
with the energy and raw materials required for inhaler production. The packaging, the
digital companion raw materials, and the inhaler production energy accounted for 85%
of the impact. Three compounds, namely, bromochlorodifluoromethane (halon 1211),
bromotrifluoromethane (halon 1301), and carbon tetrachloride (CFC-10), accounted for 75%
of the impact on ozone depletion. Impacts varied little across most geographies, and the
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differences were caused by variation in the downstream activities (distribution and end
of life).
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3.3. 90-Day Device without Digital Companion

Packaging was the major contributor to all environmental impact categories for the
90-day device without the digital companion. Packaging contributed between 42% and
62% of the impact in all categories (Figure 4).

The 90-day product is used for three months, which lowers the environmental impact
for all life-cycle stages by a factor of three, except for the capsule production and packaging
stages, where the impact is largely unchanged. The functional unit for the 90-day device
still contains 30 capsules and three blister packs, but only one-third of an inhaler, thus
reducing the impact associated with inhaler production, distribution, and end of life.

The upstream activities for all geographies were the same, and the differences in
impact resulted from variation in the downstream activities.
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3.4. Major Contributors to Each Environmental Impact Category

The contributors to each of the six different impact categories for the 30-day device
with and without the digital companion and for the 90-day device without the digital
companion are detailed below:

• Climate change: for all devices, the upstream activities associated with raw material
and production energy dominated the climate change impact. The impact was split
evenly among inhaler raw materials, production energy, packaging, and digital com-
panion raw materials (if the device in question included a companion). These three or
four life-cycle stages contributed to 96% of the overall impact for the 30-day devices
and to 93% of the impact for the 90-day device.

• Freshwater eco-toxicity: when included, the digital companion was found to be the
major freshwater eco-toxicity hotspot, contributing to 46% of the overall impact. A
high proportion of this contribution was associated with the circuit board. When the
digital companion was not included, the packaging and the inhaler raw materials
were the major hotspots, contributing to over 85% of the overall impact for the 30-day
device.

• Freshwater use: most of the impact arising from freshwater use was associated with
the upstream activities involved in the production and manufacturing of parts, with a
high proportion of the impact originating from the freshwater used to generate the
electricity needed to produce the raw materials and the devices. Packaging was the
major hotspot for all devices, contributing to 62% of the overall impact for the 90-day
device and to 42% of the impact for the 30-day device without the companion. When
included, the digital companion was the next major hotspot, contributing to 29% of
the impact, with a high proportion of the contribution being attributable to the circuit
board. Inhaler production energy was the next biggest hotspot, as the national grid in
Italy (where the device is made) uses hydroelectric power.
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• Resource depletion: the impacts associated with resource depletion were found to
arise from production stages, specifically from the use of rare metals either in the
device itself or in the steps upstream of production. When the digital companion was
included, it was associated with 94% of the emissions owing to the depletion of gold
used in the circuit board. In the absence of the digital companion, the packaging and
inhaler raw materials accounted for 96% for both the 30- and 90-day devices.

• Ozone depletion: five species of gas contributed to 92% of the ozone depletion impact,
namely, bromochlorodifluoromethane, bromotrifluoromethane, carbon tetrafluoride,
dichlorodifluoromethane, and 1,2-dichloro-1,1,2,2-tetrafluoroethane. For all 30-day
devices, inhaler production energy contributed the most to ozone depletion, account-
ing for 34–48% of the emissions, followed by packaging (or digital companion, if
included).

• Acidification: sulfur dioxide was the main contributor to the acidification impact of all
devices, accounting for 65% of the overall impact. If the digital companion was used,
it was the major hotspot, contributing to 49% of the overall impact. In the absence of
the digital companion, packaging was the major hotspot, accounting for 45% of the
impact for the 30-day device and 58% of the impact for the 90-day device.

The impacts of the three devices on each category were consistent across all four
geographies. Figure 5 represents the results for Germany, where the devices were plotted
using a percentile of the device with the highest impact, which has been set to 100. Details
on the results for impact categories in all the geographies can be found in Table S3. Details
on the life-cycle heat map breakdown for each device in the four geographies are presented
in Figure S1.
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3.5. Sensitivity Analysis

A sensitivity analysis was conducted to explore the potential contribution of patient
travel toward the environmental impact of the devices.

A study undertaken by Pharmacy2U suggests the average distance travelled to a
pharmacy in the England is 2.3 miles (3.7 km, one way) [21]. Figure 6 shows the comparison
of the environmental impact of the 30-day device without the digital companion both with
and without patient travel for all markets, based on UK pharmacy travel assumptions (that
the patient travels by car for the whole journey). The impact of the increase resulting from
freshwater use and resource depletion was minimal. However, for all other categories,
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the Breezhaler® device increased to over 350% of the impact without patient travel. The
climate change and ozone depletion impacts increased by 550% and 900%, respectively.

It is important to note that this is considered to be the worst-case scenario. Active
travel (e.g., walking/cycling) has very little environmental impact, and the use of public
transport would also significantly decrease the contribution of patient travel to the total
impact. However, the effect of promoting the 90-day device would be to reduce the
contribution made by patient travel to the CFP of the device by two-thirds, regardless of its
scale. It was also suggested that the device could be mailed directly to the patient, avoiding
the impact of travel altogether. If postal delivery is not practical, the use of public transport
such as buses, which have a CFP one-fifth that of a car for the same traveled distance, could
be encouraged.
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4. Conclusions

A cradle-to-grave, streamlined LCA study was used to assess the contribution to
six environmental impact categories by the Breezhaler® device used to treat asthma,
excluding APIs.

Owing to its extended life and a supply of 90 days of capsules, the Breezhaler® inhaler
device with the 90-day pack was found to have the lowest environmental impact. The envi-
ronmental impact of the inhaler did not vary significantly among the considered markets.

While no single life-cycle stage dominated the climate change impact of the 30-day
device with the digital companion, the inhaler raw materials and the packaging contributed
to 96% of the resource depletion impact for the 30-day device without the digital companion.
For the 90-day device without the digital companion, packaging contributed between 42%
and 62% of the impact across all categories

Since the focus of our study was to assess the environmental impact associated with
the Breezhaler® device, the impact of APIs and improvements in the clinical outcomes
of asthma were not included in this evaluation. Further studies are needed to assess the
impact of these factors on the environment.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/su13126657/s1. Table S1: Life-cycle impact assessment of the Breezhaler®using the ReCiPe

https://www.mdpi.com/article/10.3390/su13126657/s1
https://www.mdpi.com/article/10.3390/su13126657/s1
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2016 v1.04 method. Table S2: Life-cycle inventory analysis. Table S3: Results for the 30-day de-
vice (with and without digital companion) and 90-day device for each impact category per FU.
Figure S1: Life-cycle stage heat maps of the three devices in the four markets.
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FU Functional unit
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