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The medical device industry is growing interest in environmental impacts of medical products. 
Medical devices, such as patient monitors, hold significant value in treating and diagnosing pa-
tients, but sometimes end up emitting the environment with toxic chemicals and compounds used 
during processing. Especially electrical components that are widely used in medical devices hold 
toxic but also precious and rare minerals and metals where recovering the material and pro-
cessing it in safe ways would be extremely important. 
 
The goal of this study was to perform lifecycle analysis (LCA) to a patient monitor and study the 
environmental impacts of the monitor. Other goal was to understand the importance of patient 
monitors and why designing environmentally conscious medical devices is challenging. The study 
also answered questions on how different lifecycle stages contributed to the environmental im-
pacts, where these impacts were coming from and studied ways to reduce the environmental 
impacts.  
 
What makes designing environmentally conscious medical devices challenging are the many 
safety and quality standards required for material used in medical devices. Often the requirements 
to be safe can conflict with the requirements of using sustainable materials. Also, common tools 
for environmentally conscious design, such as LCA, do not take into consideration the specific 
requirements of the medical device field and thus they are found to be difficult to use.  
 
The results indicated that the use phase was the most significant in regards of environmental 
impacts but there were several factors affecting the use phase, such as energy type used, geo-
graphical scope and the change of parameters included. Materials and components were other 
significant lifecycle stage in regards of the environmental impacts and these impacts were coming 
from the electrical components, especially from circuit boards, power supply unit and LCD tech-
nology. The other lifecycle stages that were studied, assembly, upstream transportation, and as-
sembly, had negligible impacts on the total environmental impacts. End-of-life was left out of the 
scope, but trough literary research, it was concluded that the end-of-life would also have negligible 
effect on the total environmental impacts. 
 
The main ways to reduce the environmental impacts of the patient monitor would be using only 
fossil free energy in all lifecycle stages that require energy, but especially in the use and pro-
cessing stages. Other ways to reduce the environmental impacts would be finding a way to recy-
cle and reuse the materials and components of the patient monitor and recover the precious 
materials and compounds that are wasted during processing but also during the end of the mon-
itors lifecycle. Also, the logistics during the supply chain should be studied to optimize and mini-
mize the transportations during different stages of processing. 
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Lääkinnällisten laitteiden alalla kiinnostus laitteiden ympäristövaikutuksiin on noussut. 
Lääkinnälliset laitteet, kuten potilasmonitorit, ovat elintärkeitä potilaiden hoitamisessa ja 
diagnosoinnissa, mutta laitteet päätyvät myös kuormittamaan ympäristöä haitallisten kemikaalien 
ja yhdisteiden vuoksi, joita käytetään materiaaleissa ja prosessien eri vaiheissa. Etenkin 
elektroniikka komponentit, joita lääkinnälliset laitteet usein sisältävät, sisältävät haitallisia, mutta 
myös harvinaisia ja arvokkaita metalleja ja mineraaleja, joiden talteenotto ja turvallinen 
prosessointi on erityisen tärkeää.  
 
Tämän tutkimuksen tavoitteena oli tehdä elinkaariarviointi potilasmonitorille ja tutkia monitorin 
ympäristövaikutuksia. Työn tavoitteena oli myös ymmärtää, mikä on lääkinnällisten laitteiden 
tärkeys, ja miksi lääkinnällisten laitteiden ympäristötietoinen suunnittelu on haastavaa. Työn 
tavoitteena oli myös vastata kysymyksiin miten eri elinkaaren osat vaikuttivat 
ympäristövaikutuksiin, mistä ympäristövaikutukset johtuvat ja miten ympäristövaikutuksia 
voitaisiin vähentää. 
 
Lääkinnällisten laitteiden ympäristötietoinen suunnittelu on haastavaa, sillä laitteet ja niiden 
materiaalit noudattavat useita turvallisuus- ja laatustandardeja, sekä -säädöksiä. Usein nämä 
turvallisuus ja laatuvaatimukset ovat ristiriidassa ympäristötavoitteiden kanssa. Ongelmana on 
myös, että työkalut, kuten elinkaariarviointi, joilla ympärisötietoista suunnittelua yleisesti tehdään 
eivät ota huomioon lääkinnällistenlaitteiden erityisvaatimuksia turvallisuuteen ja laatuun liittyen, 
joten niiden käyttäminen on koettu haastavaksi.   
 
Työn tulokset osoittivat, että potilasmonitorin käyttö on ympäristöön eniten vaikuttava elinkaaren 
osa, mutta käytön ajan tuloksiin vaikuttivat monet tekijät, kuten käytetty energiatyyppi, 
maantieteellinen sijainti sekä parametrit ja lisätarvikkeet, joita monitoroinnissa käytetään. 
Materiaaleilla ja komponenteilla oli myös merkittävää vaikutusta ympäristövaikutuksiin. Nämä 
vaikutukset tulivat pääasiassa elektroniikka komponenteista, etenkin mikropiireistä, LCD 
näytöstä, sekä virtalähteestä. Muut tutkitut elinkaaren osat, tuotantoketjun kuljetukset, 
kokoonpano ja jakelu, tuottivat vähäisiä vaikutuksia ympäristölle. Elinkaaren loppu jätettiin ulos 
elinkaarianalyysista, mutta kirjallinen katsaus osoitti, että elinkaaren lopulla on todennäköisesti 
vain vähäistä vaikutusta kokonaistuloksiin.  
 
Tärkeimmät keinot ympäristövaikutuksien vähentämiseen ovat fossiilivapaan energian käyttö 
jokaisessa elinkaaren osassa, joka kuluttaa energiaa, mutta etenkin käytön, sekä prosessoinnin 
aikana. Ympäristövaikutuksia voidaan vähentää myös kierrättämällä ja uudelleenkäyttämällä 
potilasmonitorin materiaaleja ja komponentteja ja talteenottamalla harvinaisia ja arvokkaita 
materiaaleja prosessin eri vaiheissa. Myös logistiikka ja kuljetusketjun eri vaiheet tulisi tutkia, jotta 
löydettäisiin keinoja optimoida ja vähentää kuljetusten määrää. 
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1. INTRODUCTION 

The purpose of the healthcare industry is to help, cure and save patients’ lives which 

medical devices are a great help of. While on the agenda of healthcare is to ‘first, do no 

harm’, this can be thought to be failed with the healthcare industry contributing almost 5 

% to the global climate footprint [1]. The harm that climate change causes on the envi-

ronment and human health is undeniable. The climate change is thought to be the great-

est health threat of the 21st century with climate change causing several issues such as 

vector-borne diseases, severe storms, increased heat, drought, and flooding. These is-

sues could cause mass migration of climate refugees in the future. The healthcare in-

dustry needs to start practicing primary prevention by reducing its emissions instead of 

only treating those who are sick because of it.  

Unfortunately, the environmental impacts of the healthcare industry have been largely 

ignored for decades and the industry has fallen behind on sustainable solutions when 

compared to several other industries. On the resent years the environmental aspect has 

been on the agenda especially on energy efficiency of hospital buildings, but the focus 

has been moving also for designing environmentally conscious medical devices [2]. This 

is where life cycle analysis (LCA) can be a great help of. Understanding the environmen-

tal impacts of medical devices and where those impacts are coming from is the first step 

on learning how to reduce them. Life cycle analysis consider the environmental impacts 

of the total lifecycle of a product or process and can for example help with identifying the 

environmental hotspots of a product or it can be used for comparing different materials, 

processes or even suppliers [3].  

Since the focus in the medical device industry has been slowly shifting on environmen-

tally conscious medical devices, the aim of the study is to understand the main environ-

mental impacts a patient monitor has and the reasoning behind these impacts. This study 

collects and reflects on internationally researched information on medical devices and 

electrical components and their environmental impacts, lifecycle analysis, as well as eco-

design medical devices to give theoretic background on what are the environmental im-

pacts of medical devices. Also, understanding what type of challenges medical device 

industry faces while trying to make the field more environmentally friendly is studied. A 

lifecycle analysis are performed on the patient monitor and its environmental impacts are 

studied broadly. Reasonings behind the environmental impacts are studied and discus-

sions and recommendations are made on how the environmental impacts could be re-

duced. The goal of the study is to answer four main questions: 
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1) What is the importance of medical devices and why designing environ-

mentally conscious medical devices is difficult? 

2) What are the main environmental impacts of the studied patient monitor? 

3) How the lifecycle stages contribute to the environmental impacts and 

where these impacts are coming from? 

4) How the environmental impacts of the patient monitor could be de-

creased? 

The structure of the thesis is as follows. The second chapter describes medical devices 

and their use in patient monitoring as well as some common environmental impacts of 

medical devices. The third chapter describes common electrical components that are 

used in patient monitors and the environmental impacts of electrical components. In the 

fourth chapter eco-design and using lifecycle analysis as an eco-design method for med-

ical devices is described as well as the main challenges of designing eco-friendly medical 

devices. The fifth chapter over looks materials and methods and describes the goal and 

scope, as well as the life cycle inventory. In the sixth chapter results and discussion is 

studied while the seventh chapter contains conclusions of the study. Final chapters con-

tains references and appendices.  
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2. USE OF MEDICAL DEVICES IN PATIENT MON-

ITORING AND THEIR ENVIRONMENTAL IM-

PACTS  

This section contains background of common medical devices and how these medical 

devices are used in patient monitoring. The background of patient monitoring is studied 

as well as the type of patient monitor that is studied in this thesis. The most important 

physiological parameters used in patient monitoring are studied as well as the most com-

mon monitoring environments. Finally, this chapter also studies some common environ-

mental impacts of the healthcare industry, specifying in the environmental impacts of 

medical devices. The goal of this chapter is to answer the first research question of the 

importance of patient monitoring and the environmental challenges patient monitoring 

faces. 

2.1 Medical devices and patient monitoring 

Medical device can be anything that is intended to be used for a medical purpose except 

for vaccines and medicines. This includes instruments, implements, apparatuses, ma-

chines, implants, appliances, software, materials, or even related articles [4]. Medical 

devices contributes a lot of common medical procedures such as bandaging a sprained 

ankle to more complex procedures like implanting an artificial hip. Medical devices can 

be used in a diverse setting such as by laypersons at home, opticians and dentists, vet-

erinarians, paramedical staff, and clinicians in remote clinics and by health-care profes-

sionals in more advanced medical facilities. Medical devices are intended to be used in 

diagnosing patients, monitoring treatments, assisting disabled people, and intervening 

and treating acute and chronic illnesses. 

Patient monitoring is used to determine the progression of a patient’s disease or to mon-

itor the effectiveness of a treatment [5]. Patient monitoring is time-bound, and the fre-

quency of data refresh comes from the most critical parameters being monitored. In pa-

tient monitoring the measured parameters are physiological signals coming from the pa-

tient. The purpose of monitoring is to determine whether the treatment plan is effective 

or if the parameters are entering areas that require the treatment plan to be revalued.  

Sensory observation is where monitoring a patient starts, but it requires a lot of re-

sources, and this type of one-on-one monitoring can be only provided in the intensive 

care and operating room conditions. When monitoring multiple patients at a time, sensory 
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observation becomes difficult. This might lead to critical situations being ignored and the 

treatment environment becoming unsafe. The solution is patient monitors that monitors 

the physiological parameters of human body. Patient monitors detect deviations and re-

mind the responsible person about the treatment. Detecting abnormalities, monitoring 

devices outperform the human sense since human brain is not great at processing a 

repeating signal and detecting anomalies. A modern type of patient monitor can be seen 

in figure 1. 

 
 

 

 Patient monitor from front, back, and bottom view [6] 

Patient monitors are system products which means that they do not function without 

physiological signals from patients [6]. These signals comes through various accessories 

like ECG (electrocardiogram) electrodes and NIBP (non-invasive blood pressure) cuffs. 

These signals are processed and converted through parameter modules into digital sig-

nals to the host monitor that collects the measured data and displays it on the screen as 

waveforms, numeric values, and graphics [65]. The monitor provides alarms, calcula-

tions and other events when needed. Patient monitors can be connected to network and 

forward to central stations and hospitals patient data depositories. Patient monitors can 

also communicate with other bedside devices and systems such as other monitors, print-

ers, displays and recording devices. 
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2.2 Care areas and parameters used in patient monitoring 

The main care areas where patient monitoring is used are emergency department (ED), 

critical care areas such as intensive care unit (ICU), surgery departments like operating 

room (OR), and other high-risk areas like labour and delivery or cardiac diagnostic testing 

centres [8]. Monitoring can also be used in transportation whether it is transportation 

inside the hospital building or transportation via ambulance or medical helicopter. De-

pending on the care area, the used parameters and by that, the functions needed from 

the monitor vary greatly. The main care areas are explained with more detail in table 1. 

 Care areas and their explanations [8] 

 Transport/Ambulance ED OR ICU WARD 

Explanation The act of moving a pa-
tient from one place to 
another. 

The 
acute 
care of a 
sudden, 
serious 
medical-
surgical 
condition 
or injury. 

The unit 
where sur-
gical proce-
dures are 
performed. 

Cares for 
patients 
who have 
serious or 
life-threat-
ening ill-
nesses 
and inju-
ries. 

Multiple 
different 
types of 
wards for 
different 
causes. 

What is 
needed from 
the monitor? 

Monitor needs to be 
small, light, and easily 
movable, monitors are 
turned off in-between use 
and are not on long times 
at once 

Mostly 
cardiac 
monitor-
ing. 
Needs to 
be easily 
accessi-
ble, quick 
to detect 
arryth-
mias [9] 

Easily 
cleaned, 
disinfected, 
bright 
screens, 
anesthesia 
settings, 
monitors on 
for hours at 
time. 

Monitors 
can be on 
for days, 
weeks or 
even 
years at a 
time, indi-
vidual 
monitors 
for each 
patient 

Movable 
monitors 
that have 
basic set-
tings, usu-
ally 1 
monitor 
per de-
partment 

Multi parameter monitoring can consist of over 13 parameter categories, over 40 param-

eter measurements and over 400 different data points, waveforms, trends, and alarms 

[8]. Parameters are different types of measurements of the vital body functions like tem-

perature or blood pressure. Monitoring can be either done occasionally when a patient 

has their annual physical examination or in continuous way like monitoring breathing 

while being anesthetized during an operation. Some monitoring measurements are pain-

less and easy while others include tubes, probes and sensors placed in the heart, lungs, 

or vessels. Diagnoses and clinical decisions almost always need more than one param-

eter to be analysed coupled with patient assessment data like patient history, level of 

consciousness and pain.  
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 Common parameters that are measured with patient monitoring 

The four vital body signs that are common ones to be measured are body temperature, 

pulse rate, respiration rate and blood pressure. In patient monitoring pulse oximetry is 

sometimes referred as the fifth vital sign [8]. Measuring these parameters is extremely 

important for example after surgeries or trauma.  

2.3 Environmental impacts of medical devices 

Healthcare’s global warming impacts are around 4,4 % of global emissions with US, 

China and countries of Europe contributing to most of the impacts [1]. Healthcare con-

tributes to global warming through energy consumption, transport, and product manu-

facturing, use and disposal. Over 70 % of healthcare’s total emissions come from the 

supply chain alone which producing, and disposal of medical devices are a significant 

part of [10]. 

One prospect that makes designing medical devices sustainable difficult, is that recycled 

material, especially recycled plastic, is usually not allowed to use in medical devices due 

to hygiene and safety rules [15]. This is justified by the fact that if plastic is mechanically 

recycled, its mechanical properties tend to deteriorate meaning it does not meet the reg-

ulations and standards for medical devices. A lot of environmentally non-desirable ma-

terials are used to comply with the safety regulations. Non-desirable materials can be for 

example mercury, which healthcare is globally the fourth largest contributor or dioxins 

that are large environmental pollutants. A lot of medical devices include electrical com-
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ponents where manufacturing, and disposal include several environmentally unfavoura-

ble processes. Also, electrical components include precious minerals and metals as well 

as toxins that emit the environment and are harmful for human health [13]. Some of the 

main criteria for a material to be accepted to be used in medical devices can be for 

example stability against mechanical and thermal stress, biocompatibility, easy to clean, 

and capability to resist chemicals used in sterilization [7] [14]. Often more sustainable 

materials do not surpass all the requirements, or they would be significantly more expen-

sive. 

Most of medical device waste is currently produced by disposable single use products 

and components [1]. Already in 2008, US generated to 600 000 kg of medical waste 

daily, with most of the waste being hazardous and the amount can be expected to be 

increased significantly [11]. Hazardous waste in healthcare often means, that the waste 

has been in contact with fluids such as blood. For example, needlestick injuries have 

been common amongst the healthcare workers leading to safety concerns and extremely 

strict single use policy around medical devices to prevent infections [12].  

Some products and components can be recycled in the end-of-life phase but using these 

again for the same purposes is not possible and some of the hazardous medical waste 

is not recyclable at all [12]. Even if the product, its components, or packaging can be 

recycled it is almost impossible to track what happens during the end-of-life stage since 

the devices are sold all over the world, in all kinds of hospitals and medical faculties and 

the range of recycling varies greatly depending on where in the world the device is sold. 

Sometimes, even when the waste is recyclable, it might not be recycled due to tight 

schedules, recycling not being a priority, or the hospital having no option for recycling. A 

lot of medical devices also require sterilize packaging where using recycled material is 

challenging [14]. 

Transport and logistics of medical devices create an environmental issue with the need 

of the devices to be as safe as possible during transfer, which means that the packaging 

is often enormous compared to the medical device itself and filled with softeners like 

plastic foams that cannot be recycled [14]. Large packages take a lot of space from the 

transfer vehicles like planes, boats and trucks meaning that less devices can be trans-

ferred at a time. Components for medical devices are manufactured all over the world 

and the materials and components are transported through the globe several times dur-

ing the manufacturing process making the transportation emissions significant in the sup-

ply chain. Also, quite often medical devices and components are shipped with plains or 

trucks due to the size of the shipments being small or the shipment being in hurry so 
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more environmentally friendly ways of transporting, such as boat transport are not always 

seen as options.   

Use of electricity is one of the largest contributors to the healthcare industries emissions. 

Electricity in healthcare is used in multiple sectors like the hospital buildings, use of med-

ical devices, manufacturing, and processing medical devices, and transporting [1]. En-

ergy use of hospital buildings is estimated to be around 15 % of the total energy use of 

healthcare sector. The manufacturing process of medical devices as well as the use of 

medical devices emissions are largely due to the use of unsustainable electricity types 

and using energy heavy processes in the manufacturing.  
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3. ELECTRICAL COMPONENTS USED IN PA-
TIENT MONITORS AND THEIR ENVIRONMEN-
TAL IMPACTS 

This chapter studies the most common electrical components that are used in patient 

monitors and their environmental impacts. Electrical components are extremely complex 

and have a lot of environmental impacts and challenges proportional to their weight. One 

circuit board can on its own consist of thousands or even more small components which 

each have their own important purpose. The complexity and needs of properties such as 

conductivity require several precious or toxic materials and compounds that have major 

impacts to the environment, human health, and resource scarcity.  

3.1 Main electrical components used in modern patient moni-
tors 

Liquid crystal displays (LCD) have multilayer structures and are composed of two glass 

plates that surrounds a liquid crystal material [17]. Liquid crystals properties are some-

where between solid crystals and liquids since they can flow like liquids but share the 

symmetrical crystal structure of crystalline solid materials. The combination of properties 

allows liquid crystals to be used in applications such as computers and flat-screen tele-

visions. One of the properties of liquid crystals is their ability to alter the polarization of 

light that is passing through and it uses light emitting diodes as light sources [18]. Mate-

rials in liquid crystals consists of for example aromatic based polymers, benzene, fluo-

rine, chlorine, and bromine [19]. LCDs can control the colour and brightness of each pixel 

on their own with the help of its optical properties [18]. Part of LCD manufacturing are 

glass fabrication, front and rear panel patterning, as well as display cell and module as-

sembly.  

Glass fabrication means the process of preparing molten glass to flat substrates, trim-

ming, and cleaning the glass sheets [17]. Front panel patterning is a processing step 

where creating the front panel electrode requires indium tin oxide to be sputtered into 

the glass. After this process colour filtering is applied that includes layer of polyimide. 

Rear panel patterning is a complicated step where transistors are created. Some main 

materials and components used in the process are dielectric insulating layer, gate metal, 

silicone-based dielectric and silicone layer, indium tin oxide, source or drain metal and 

thin polymer alignment layer. In the display cell assembly, a material that can be used 
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as adhesive seal is used to joining the front and rear glass together with lamination pro-

cess using heat and pressure. Also, polarizers are attached on the outside of glass pan-

els. Finally in the backlight unit is attached.  

Added to the liquid crystal displays, LCD monitor assemblies need at least circuit boards, 

power supply unit (PSU), plastic cover and stands to be complete. Central processing 

units (CPU) are also relevant part of patient monitoring. Inside of these main components 

are different types of small electrical components such as circuit boards, resistors, tran-

sistors, cables, diodes, and connectors to mention few of the main ones. Power supply 

units are made from metal boxes that keeps smaller electrical components inside. Power 

supplies convert domestic alternative current (AC) mains supply voltage into low voltage 

direct (DC) current outputs [20]. Power supplies in more simpler terms supply power to 

the device they are connected to with a connector. Connectors are components that 

allow two pieces to connect to each other and are made from conductors and insulator 

[21]. Main materials in connectors are different plastic materials such as PBT (polybutyl-

ene terephthalate) and metals such as gold, tin, or silver. 

Central processing units (CPU) hold the main memory, control unit which manages most 

of the processes components and arithmetic logic unit that performs arithmetic and log-

ical operations of a computer like systems. CPU can be thought as the brains of a com-

puter like systems. An important part of CPUs is integrated circuit (IC) which is a set of 

electronic circuits on a thin board of semiconductor material such as silicon [22]. Inte-

grated circuit is an entire electronic circuit that is a combination of multiple individual 

components such as diodes, transistors, capacitors, resistors, and a conductive pathway 

connecting the components which all have their own functions in the circuit. Integrated 

circuit boards can have from hundreds to even millions of small connections between 

the tiny components. Figure 3 presents a typical type of circuit board that includes all 

kinds of small electrical components. 

  

 A typical circuit board from front and back view [22] 
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A circuit means complete course of conductors through which current can flow through 

by forming a loop where the path starts and ends at the same point [22]. There are many 

extremely complicated circuits in the world, but every circuit needs three main elements. 

These are voltage source, such as battery, load that consumes power such as resistors, 

capacitors, transistors or other components, and a conductive path which provides a 

route through which current flow. Batteries consist of anode, cathode and electrolyte 

which is in the form of chemical paste separating the anode and cathode and transform-

ing chemical energy to electrical energy causing the current to flow [23]. Main materials 

in batteries are steel, combinations of materials for anode and cathode such as zinc, 

magnesium, iron-oxides, potassium, and paper and plastics. Batteries can include sev-

eral critical materials such as nickel, cobalt oxide, or lithium. 

Resistors are small components that provide certain amount of resistance to a circuit 

[22]. Resistors are often made from a layer of carbon and conductors such as copper.  

Capacitors are electronic components that create electronic fields between charged 

plates. They consist of conducting materials such as silver and aluminium and are sep-

arated with insulating materials such as mylar or ceramic. Transistors work as amplifiers 

that allow control of the flow of current by varying intensity of smaller current flowing 

through another channel. Transistors often consists of silicon, germanium, and other 

types of semiconductor materials. Diodes are one-way switches that conduct electronic 

current in to one direction while resisting it from the opposite direction. Part of diode are 

anode and cathode. Diodes are often made from silicon, various compounds, and met-

als. There are two types of semiconductor materials that are part of most electrical com-

ponents which are N-type and J-type [24]. In N-type material negatively charged particles 

move away from negatively charged area to positively charged area. Material can be 

made an N-material by adding arsenic, antimony, bismuth, phosphor, or other pentava-

lent elements. P-type material do not have an electron and they have a positive charge. 

P-type materials can be made from adding amounts of aluminium, indium, gallium, bo-

ron, and some other semiconducting materials.  

3.2 Environmental impacts of electrical components 

Disposal of electronics waste is one of the most impactful processes within the electrical 

industry since it can cause major human health and environmental issues if it is not done 

in a correct and safe way [26]. Especially incinerating electrical devices unsafely can 

cause several toxins to emit to the environment. A big issue in the 20th century has been, 

that countries like the USA have been shipping their electronic waste to developing coun-

tries that might not have the proper ways of dealing with the waste [13]. China is the 
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leading country in electronic manufacturing, but it is also the place where the largest 

amount of electronic waste is being dumbed, realising tons of toxic pollutants into the 

environment. Another issue has been, that consumers lack interest and awareness in 

recycling their electronic waste and major part of it ends up in the landfill throughout the 

world. Electronic waste pollutes the environment and can leave the environment with 

heavy metals and different organic compounds like polybrominated and polychlorinated 

biphenyls. It has been studied through biomonitoring, that electronic waste accumulates 

in human, animal and plant bodies and even high levels of heavy metals and organic 

compounds have been found in sites where these elements are processed in improper 

ways.  

Heavy metals and organic compounds have been found in human blood, urine, hair, and 

nails as well as in animals, such as the brain of a fish, viscera of chickens, and various 

tissues of frogs [13]. Plant bodies harvest metals and organic compounds from the soil 

and water and accumulate the compounds in their tissues. If these metals and compound 

enter the soil, they can cause harm for the ecosystem and microbes. Through dietary, 

the electronic waste in animals and plants could enter in human body. Lead, Cadmium, 

and metals such as copper and mercury can cause several harms to humans [25]. While 

using for example, cadmium batteries is banned these days, they can be found in some 

old unused devices and for medical purposes.  

Organic pollutants, which are highly toxic human-made pollutants, can travel through the 

globe to the poles [13]. These pollutants are found for example in capacitors, transistors, 

circuit boards and electric wires and they can be emitted and formed during the recycling 

processes [22]. If these electrical components are recycled with uncontrolled environ-

ments, the effects in the local environment and human health can be enormous. For 

example, polybrominated diphenyl ethers (PBDEs) contains 209 lipid-soluble and envi-

ronmentally persistent congeners meaning that the congeners can easily bioaccumulate 

in the environment and food chain [13]. Even short-term contacts with PBDEs can have 

tremendous effect in neonates and animal brains. PBDEs are forbidden or restricted in 

most of the world by RoHS, but they can be found in older electrical components and 

electrical waste.  

Halogenated compounds, such as brominated flame retardants (BFRs) and PVC, can 

be used in electrical components as flame retardants, insulations, additives, and fillers. 

Halogenated compounds can cause major destructive effects in human and animal bod-

ies and the environment by breathing the compounds in or by the food chain [13]. Halo-

genated compounds have an ability to form dioxins which are carcinogenic agents that 
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can be generated by poorly recycling electrical waste that contains halogenated com-

pounds. These compounds are formed mostly when incinerating electrical waste con-

taining the compounds.  

Electronic waste does not only pollute but contains tons of precious materials [22]. Some 

of these materials today’s world is even lacking so recycling electronic waste in a proper 

way to collect the still usable material is extremely important [13]. Ferrous metals often 

have the largest quantity in electronic waste, while the valued metal such as copper and 

more rare metals like neodymium, indium and gallium take only a small portion of the e-

waste. This makes gathering the precious metals very difficult [26]. Electronic waste also 

consist of plastics and rubbers that can be recycled into valuable products such as oils, 

gases, and chars and even solid carbon through pyrolysis process.  

Liquid crystal displays (LCD) can have several issues, especially if treated unproperly 

and the materials used as liquid crystals can be harmful to the environment and human 

health [19]. If LCD scarps are treated with thermal treating processes polycyclic aromatic 

hydrocarbons (PAHs) can occur during processing. If LCD waste is incinerated or land-

filled a lot of valuable resources are wasted such as critical raw materials like indium and 

tin oxides. There are studies made implying that only with LCD recycling, 48 % of the 

worlds Indium demand could be covered by the year 2035 [27]. Also, plastics, glass and 

metals have a high residual value and could be recycled if separated in the waste pro-

cess and could be sources of secondary materials [28].  

PCB (printed circuit board) manufacturing has a high share of freshwater use and fresh-

water aquatic ecotoxicity potential [29]. Also, studies about manufacturing PBSs have 

shown that freshwater ecotoxicity potential is contributed largely by PCB manufacturing 

due to the attribution of copper in the wastewater treatments [29]. PCB manufacturing 

and production includes chemicals that are potentially carcinogenic and toxic. These are 

for example many heavy metals, flame retardants and chemicals like tetrabromo-

bisphenol A (TBBPA) that are released in processing PCB waste making recycling of 

PCBs difficult. Especially the cutting phase and etching of PCB manufacturing arises a 

lot of dusts and textiles that are part of hazardous waste. One of the issues of PCB 

manufacturing is that most of the PCB production is in developing countries where the 

regulations are not always controlled, making the manufacturing and waste processing 

dangerous for the employees and local citizens, wildlife, and nature of the developing 

countries. Also, the use phase of these electrical components often consume a lot of 

energy [18]. Especially if non-renewable energy is consumed the use phase can have 

major environmental impacts.  



14 
 

4. LIFE CYCLE ANALYSIS PART OF ECO-DE-
SIGNING MEDICAL DEVICES 

This chapter defines what environmentally conscious design is and how lifecycle analy-

sis can be used in designing environmentally conscious medical devices. The chapter 

goes through what LCA is and how it can be utilized in the specific field of medical de-

vices that have many safety regulations and rules that can conflict with the environmental 

objectives. Some of the most important regulations and standards regarding on eco-

designing medical devices and performing LCA are presented. The chapter studies some 

of the issues that have been faced when medical device designers have taken eco-de-

signing and LCA as part of the designing projects. 

4.1 Environmentally consious design 

Environmentally conscious design (eco-design) means integrating environmental as-

pects with ecological and economic requirements into product development and design-

ing with the purpose of reducing environmental impacts throughout a products life [30]. 

There are plenty of operationalized tools for eco-design, but among those life cycle anal-

ysis (LCA) is the most common one to assess products environmental impacts through-

out its full lifecycle [2]. Eco-design can be based on an LCA study when the whole lifecy-

cle, from cradle to grave meaning from the raw materials to end of life, is considered.  

Environmentally conscious products are often designed by following guidelines and 

tools, such as life cycle analysis, Environmental impact assessment that evaluates the 

environments direct impacts and tries to mitigate deleterious effects, and Carbon foot 

printing which converts a products environmental impact to carbon dioxide equivalents 

[2] [31]. For medical device industry there are field specific standard series when it comes 

to eco-designing. These are the IEC 60601 – Medical device safety standards [32]. The 

standard series consist of around 10 collateral standards and 80 single standards and is 

required to follow for all commercial electrical medical devices in major parts of the world. 

The main point of the standards is to reduce risks on both operator and patient while 

using an electrical medical device, but part of the standard series is IEC 60601-1-9 stand-

ards on Environmentally Conscious Design [33]. This specific standard requires compa-

nies to identify and document the environmental impacts of new products as well as 

actions on how to manage and reduce the impacts during the lifecycle of a product in-

cluding manufacture, transport, use, and disposal.  
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Regulations for waste reduction and minimizing and eliminating hazardous substances 

are a big part of eco-design, especially inside the EU region [31].  

Waste Electrical and Electronic Equipment (WEEE), Restriction of Hazardous Sub-

stances (RoHS), Registration, Evaluation, and Authorization of chemicals (REACH), are 

one of the most important regulations in regards of manufacturing of electronics. Since 

major part of medical devices also contains some sorts of electronics and the main mar-

kets for medical devices are in Europe, these regulations apply for most medical devices 

as well. RoHs is meant to restrict the use of toxic metals and it is especially applied to 

mercury, lead, and flame retardants. For a long time, there were exceptions for the med-

ical device business with the rules and regulations for mercury and lead. REACH effects 

on more than 30 000 chemicals across several different industries. In the WEEE di-

rective, using specific labelling, instructions for end-of-life managements and recycling 

as well as compliance with disposal restrictions are required [34].  

4.2 Using life cycle analysis as eco-design tool 

Life cycle assessment, generally known as LCA, is a tool that is used for assessing prod-

ucts environmental impacts [3]. LCA considers the environmental impact of the entire 

lifecycle of a product, starting from resource extraction, ending to the end-of-life ap-

proaches like recycling, reuse, incineration, or landfill. Two main standards for perform-

ing LCA are ISO 14044 and ISO 14040 [35]. ISO 14040 describes principles and frame-

work of LCA while ISO 14044 describes requirements and guidelines for making a LCA 

study. The four mandatory stages for LCA are defined in the standards. The stages are 

goal and scope, life cycle inventory analysis (LCI), life cycle impact assessment (LCIA) 

and interpretation.  

Goal and scope define what is analysed, what is wanted from the analysis and how pre-

cise the analysis are going to be [35]. LCI is the most time-consuming part of the analysis 

where the products environmental inputs and outputs are evaluated, and all the relevant 

data is collected while measuring flows going in and out of the system. LCIA evaluates 

how significant the impacts from the product are by using the LCI data. LCIA includes 

several impact categories such as global warming potential, human toxicity potential or 

land use. Interpretation identifies significant issues that are based on the LCI and LCIA 

phase. Interpretation also evaluates how complete it is and if the study is made in a 

sensitive and constant way and what conclusions can be drawn from the study.   

LCA can assist with multiple issues such as identifying what is the environmental perfor-

mance of a product during each point of its lifecycle [36]. Identifying environmental hot 
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spots can show significant improvement opportunities for developing the product and for 

example how manufacturing can be made efficient. LCA is a tool that can be used for 

comparisons between different products that function the same. Comparing different ma-

terials, seeing how change of materials affect to the environmental impacts of a product 

can be helpful as well as comparisons between different processes. Also, it is possible 

to compare suppliers with LCA which makes discovering new and better suppliers easier.  

LCA can be used as a basis for standardized metrics and might be needed to comply 

with regulations. These would be situations like when a company needs to reveal the 

environmental data for some or all their products [37]. Environmental Product Declara-

tions (EPD) are standardized certifications that are often used to present LCA results 

[37]. EPD informs about a product’s potential environmental and human health impacts. 

Management can also use LCA for life cycle management and supporting decisions mak-

ing. This is useful because it can help with avoiding risks and help changing environmen-

tally impactful processes to less impactful.   

Most of the medical device LCAs that have been previously performed compares mate-

rial choices (mostly plastics vs. biopolymers) of a single device or ones where reusable 

and single used devices are compared [2]. Most of the studies focus on EOL recommen-

dations and mostly ignore developments around other lifecycle areas. Life cycle analyses 

are new in health care, and they are mostly used in evaluating the environmental burden 

of hospital buildings [38]. Studies of LCA in medical devices prior this are few and not 

that useful in comparisons to this study since the studied medical devices are relevantly 

different from patient monitors.  

In 2021 a life cycle analysis of reprocessing face masks during the Covid-19 pandemic 

was studied and in 2018 life cycle assessment and costing methods for device procure-

ment: Comparing reusable and single-use disposable laryngoscopes was studied [39] 

[40]. It is likely that some of the LCA studies of medical devices that have been performed 

are not public and thus they are not found. Overall, the LCA studies made for medical 

devices are made for very different types of devices and more studies should be done in 

the future so a common ground could be developed on how the analysis should be done 

in the medical device field. Outside the medical field, LCA studies made for LCD com-

puters, monitors, and television can be compared more closely to this study. One of 

these studies is from 2010 and LCA of plasma television device was studied and com-

pared with LCD and CRT televisions [41]. Also, LCA of CRT, LCD and LED monitors 

was studied and compared in 2015 [18].  
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Environmental impact categories group different emissions into single effects on the en-

vironment meaning that they try to unite different emissions that cause same impacts 

into one and same unit that is translated to one impact category [42]. The impact cate-

gories that are used part of this study are explained in table 2 while the effects and rela-

tions of impact categories are studied in appendix 1. 

 The meaning of the used environmental impact categories 

Impact Category Unit Meaning 

Global warming kg CO2 eq Greenhouse gas emissions to air that cause global 
warming [42] 

Freshwater 
eutrophication 

kg P eq Emissions of nitrogen or compounds containing phos-
phor causing enrichment of the freshwater ecosystems 
with nutritional elements 

Freshwater 
ecotoxicity 

kg 1,4-DCB Impact of toxic substances that are emitted to the envi-
ronment on freshwater organisms 

Mineral resource 
scarcity  

kg Cu eq Metals and minerals extracted that lead to the decrease 
in ore grade [43] 

Fossil resource 
scarcity 

kg oil eq Fossil resources used 

These impact categories were chosen after studying impact categories that are studied 

in previous LCA studies with similar devices [18] [41] [17]. Also, normalizing and weigh-

ing the LCA results of this study were performed to see which impact categories caused 

most of the environmental impacts. The normalization and weighing are used to give an 

idea what environmental impact categories are the most important ones regarding the 

studied product. In normalizations the indicator results are transformed by dividing it to 

a selected reference value and in weighting the results are converted by using numerical 

factors that are based on the value choices [35]. There are uncertainties involved with 

using these methods in regards of it adding subjectivity so acknowledging the issues is 

required when using normalized and weighed results. 

4.3 Opportunities and challenges of designing environmentally 
conscious medical devices 

Environmentally conscious medical devices can be designed when the whole lifecycle is 

considered, instead of just the product [31]. These are concept development, material 

selections, design and engineering, manufacturing, packaging, transportation, sales, use 

and end-of-life. Especially important is to evaluate energy efficiency, environmental im-

pacts, material usage, human effort, and cost of each stage. More specifically environ-

mentally conscious designing can look like designing products that are easy to disas-

semble, reducing packaging and parts, and eliminating the use of energy heavy pro-

cesses and hazardous materials. Also, reducing the products size and weight can give 

significant savings in packaging and transportation. Using materials that reduce the en-

vironmental impacts during disposal and incineration also reduces emissions for air and 
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helps with the reusable and durable characteristics of a product with designing simple 

and repeatable structures.   

Some of the environmental impacts are relatively easy to reduce by purchasing only 

emission-free electricity and promoting more energy efficient solutions in the designing 

phase of medical devices [10]. Also, increasing lifetime of the medical devices means 

that less devices need to be produced. The most complicated part to make more envi-

ronmentally friendly is the supply chain due to that it cannot always be impacted espe-

cially in field where sustainable thinking is new. When trying to make the supply chain 

more sustainable the ESG criteria can be used to help [44]. This means that the environ-

ment, social and governance aspects are taken into consideration and all companies 

that are part of the entire supply and value chain need to comply with environmental, 

human rights as well as health standards [14].  

When choosing more environmentally conscious material there are few aspects to con-

sider. These are resource efficiency, low-emissions production, renewability, the working 

conditions when looking at mining of metals, processing of components and materials 

and transporting. Also transport routes throughout the supply chain need to be consid-

ered. Finally, the option of choosing materials that comply with the safety regulations and 

are reusable or degradable should be considered and assessed if for example chancing 

oil-based polymer to biobased or biodegradable polymer is environmentally better option 

for medical devices.  

Even though there are ways of designing more environmentally conscious medical de-

vices the industry has faced several issues. Designing environmentally conscious med-

ical devices in a field that is already heavily regulated and is usually not welcoming to 

new rules and regulations about sustainability is not easy [2]. This has resulted in a sit-

uation, where the medical device industry lags other industries in designing environmen-

tally conscious products. To make environmentally conscious product, the environmental 

aspect needs to be taken into consideration in the early designing phase. The issue is 

that the specific industry of the medical device sector struggle following a common guide-

line for all industry sectors since they do not consider the safety, reliability and efficiency 

demands that the industry has. For now, there are no specific guidelines or tools for 

medical devices.   

What medical device industry struggles within regards of eco-design is that most of the 

tools need comprehensive analysis and information about materials, processes, and 

emissions that companies struggle to provide and finding the required information can 
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be unreasonably time consuming if even possible [2]. Often issues are faced when infor-

mation that is crucial to have from suppliers to make for example LCAs, is not provided. 

While suppliers need to prove that their products or materials are REACH and RoHs 

approved, they are not required to provide in detail material and chemical lists, or infor-

mation’s about their own supply chains or emissions.  

Finally, most of the eco-design tools do not provide information on how to improve your 

product, or what is a high or low score [31]. Because of this product designers find them 

difficult to use and apply in the early design process. This can easily leave the studies 

superficial with only generic advice. Also, eco-design tools tend to be generic and lack 

the opportunity to choose the precise materials and processes that are specific to medi-

cal device industry leaving for example, the LCA performer to build those themselves or 

to find some average most suitable options in the databases. When adding to these 

issues that for example LCA tools can be quite expensive, it can be understood why 

medical device industry is not yet widely using them.  
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5. MATERIALS AND METHODS 

In this study, life cycle analysis approach was used to study the environmental impacts 

of a patient monitor. Part of life cycle analysis is to define the goal and scope of the study 

as well as the patient monitors life cycle inventory that is used in the study. The LCI 

consisted of all the studied life cycle stages, which in this study were material production 

and manufacturing, upstream transportation, assembly, distribution, and the use phase. 

5.1 Goal and scope 

5.1.1 Goal definition 

The main goal of the study is to determine the environmental impacts of a new patient 

monitor with the help of life cycle analysis and study where these impacts are coming 

from. Other goal is to make suggestions on how the environmental effect of the patient 

monitors can be reduced. This study is also supposed to perform as a guideline for the 

company, on how to do LCA in medical devices, and how difficult and time consuming it 

is.  

There are multiple reasons for carrying out life cycle analysis for the patient monitor. 

Customers have been starting to request more environmentally friendly ways of perform-

ing and asking for proofs of these actions. Life cycle assessments have been specifically 

requested especially in Europe for several times on different products. Life cycle analysis 

can give major competitive advance in today’s market for a company that uses them, 

especially in a field where using LCA is new. If competing companies are using LCA, can 

customers choose the competitor as they are seen to meet the customer’s needs and 

values better especially if the customers are interested in life cycle analysis. LCA can 

even give major cost savings in different areas when saving energy, materials or re-

sources can be achieved with the help of life cycle analysis. 

This thesis’s target audience is the company, and all interested parties of performing life 

cycle analysis on medical devices.  

5.1.2 Scope definition 

Functional unit that is used in the study is 1 patient monitor during the 7 years of use. 

Energy consumption of the monitor is evaluated for different monitoring configurations. 

The geographical scope of the study is global, but the focus is on Finland as the place 

of assembly and Germany as the place of use. Also, Finland, Australia, China, and USA 
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are studied as the place of distribution and use, and their full life cycles environmental 

impacts are compared to Germany to compare the effect of geographical scope on the 

LCA results.  

The system boundaries and product system are illustrated in figure 4 below. The system 

has an input and output flow where inputs to the system are chemicals, materials, elec-

tricity, water, oil, and gas and outputs emissions to air, water, and soil. The system starts 

with raw material acquisition and goes through manufacturing, assembly, packaging, and 

use. Transportations from site to site are included. 

manufa
cturing

Raw 
material

Assembl
y

Packagi
ng

Use

ElectricityElectricity, Natural gasChemicals Electricity, Water

Transportation Transportation Transportation

Air,
Water,

Soil

 

 The studies system boundaries and input and output flow  

The end-of-life is left out of the scope for few reasons. Firstly, since the patient monitor 

is a new product, there is no real-life data from the patient monitors end-of-life stage 

available. The monitors are likely to be sold all over the world, which means that the end-

of-life can look extremely different depending on where the monitor ends-up. Most of the 

monitors components can be recycled and are recommended to be recycled by the laws 

and regulations of the country of purchase. Even though it is recommended to recycle 

the monitor, in some countries the monitor could end up in the landfill or some compo-

nents could be incinerated.  

Evaluating the end-of-life without knowing what happens to the product could be mis-

leading. Evaluating the end-of-life with the help of EcoInvent database is also difficult 

since there is no waste type for electrical waste and electrical waste is the dominating 

waste type in the monitor. In the future this is a recommended step to add. Patient mon-

itors are also products that are made to last for long periods of times and often, after the 

best performance is used, the monitors are moved to departments where monitoring is 

not as critical as it is in for example ICU or OR meaning that they could be in use even 
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20 years. Also, electrical components should be well recycled all over the world, espe-

cially in the future, when this patient monitor comes to the end of its lifecycle. Because 

of this, the end-of-life should not be a critical concern when evaluating the whole lifecycle 

of this product. Environmental impacts of the end-of-life of electrical components and 

devices is theoretically studied in the theory. 

Patient monitors are system products, meaning that the monitor itself is useless without 

accessories such as modules, cables, or ECG electrodes. Doing the LCA just for the 

monitor do not give realistic results on what the environmental impact of monitoring is. It 

only evaluates the impacts of the monitor itself and its raw materials leaving out the raw 

materials and other stages of the required accessories. The accessories were left out of 

the analysis, since some of the accessories alone are more complicated devices than 

the patient monitor itself. Only in the energy usage of the use phase some of the required 

accessories are part of the energy and power use measurements when the energy con-

sumption of basic recovery room configuration is measured. This is because measuring 

the energy use of only the monitor would not have been reasonable, since without the 

accessories, only the brightness of the screen uses energy. Taking account the basic 

accessories that are needed for real life monitoring, the energy and power use measure-

ments give more realistic results. In the future, LCA of the accessories is recommended 

to be done. These results should be added to the LCA results of the studied patient 

monitor to get the realistic results of patient monitoring. 

Cut-off criteria is used in inventory to reduce the required data. When it comes to impact 

categories, the focus is on global warming, but also other categories that are included in 

ReCiPe Midpoint (H) and EF are taken into consideration so studying the environmental 

impacts would be as diverse as possible. EF is also used as normalized and weighed 

single score results. The impact categories used in the study were global warming po-

tential, freshwater eutrophication, freshwater ecotoxicity, fossil scarcity, and mineral and 

metal scarcity. SimaPro is used as the calculation software and EcoInvent 3.8 database 

is used in the study. 

5.2 Life cycle inventory 

5.2.1 Material production and manufacturing 

The studied patient monitor is a new product developed by a company that is one of the 

biggest performers in the healthcare device industry. The main components of the patient 

monitor can be seen in figure 5 and are described in table 3.  
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 Main components of the patient monitor [45] 
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 Main components of the patient monitor [45] [46] [47] 

Item number Description Main materi-
als/components 

Explanation Mass (g) 

(Component be-
tween 1 & 3) 

Rear housing PC Plastic part that 
performs as the 
rear housing 

826,0 

1 Mounting plate PC + Aluminum Cable holder + 
the part that can 
be connected to 
stands 

269,7 

2 Display Unit  LCD + Steel + 
plastics 

LCD panel dis-
play, capacitive 
glass touch 
screen 

3925,4 

3 Alarm board Electrical com-
ponents 

Integrated led 
alarm light front 
and back of the 
monitor 

17,2 

4 Button board  Electrical com-
ponents 

Holds all the but-
tons & electrical 
component that 
buttons need to 
function 

189,3 

5 Main Speaker Electrical com-
ponent 

Performs audible 
alarm sounds 

17,8 

6 CPU board Electrical com-
ponents 

Central pro-
cessing unit, car-
ries the instruc-
tions of the com-
puter program 

339,8 

7 PSU Electrical com-
ponents 

Power supply 
unit, gives power 
to the internal 
components, 
converts mains 
AC to low volt-
age regulated 
DC power 

401,7 

8 Heat sink  Aluminum A heat ex-
changer, moves 
heat away from 
critical compo-
nents 

1471,6 

9 Connector plate Steel + Electri-
cal components 

A plate that has 
all the electrical 
connectors com-
ing from the out-
side attached 

265,0 

10 UIC board Electrical com-
ponents 

User interface 
controller 

15,4 

 Others Steel, plastics, 
electrical com-
ponents 

Screws, cables, 
adhesives etc. 

108,2 

The patient monitors packaging consist of 6 main components like shown in figure 6.  

Number 1 is the cardboard packaging box, 2 is carboard accessories box, 3 and 4 are 
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expanded polyethylene foam inserts [47]. Number 5 is the plastic handle made from low-

density polyethylene and 6 is a plastic bag made from high-density polyethylene. The 

packaging also includes a silicone desiccant bag that is used for its moisture barrier 

properties and labels. The total weight of the packaging is around 1658,1 g. 

 

  The patient monitors packaging  

The standard ISO 14044 rules that in cut-off criteria, modelling by mass needs to be 

calculated in a way that 95 % of the mass is included in the study [35]. In this study, 

around 99 % is included in the inventory since the smallest components are electrical 

components and electrical components tend to hold lots of environmental value propor-

tional to their mass. Also, the heavier components mainly made from plastics or metals 

are assumed to have smaller environmental impacts. Material data is gathered from the 

Bill of Materials (BOM) that was provided by the company. The BOM is a product struc-

ture, that lists all the components that are needed for producing a finished product and 

all the intermediate assemblies as well as sub-components and other parts that are nec-

essary for the production [48]. Table 4 summarizes the materials by their mass used by 

the patient monitor and its packaging. 
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 Material by Mass for Patient Monitor [46] 

Material Mass (g) % 

   

Plastics   

PC 1255,7 13,2 

PU 4,0 0,04 

PA66 21,2 0,2 

PMMA 13,8 0,1 

TPE 8,0 0,1 

PBT 3,6 0,04 

Total 1306,3 13,7 

     

Metal     

AlSi10Mg 1579,0 16,6 

Steel 1222,7 12,9 

Brass 2,5 0,03 

Total 2804,2 29,5 

     

Electrical component   

PSU 401,7 4,2 

LCD 1700,0 17,9 

PWA 121,8 1,3 

Resistor 1,7 0,02 

Capacitor 30,3 0,3 

Integrated circuit 54,6 0,6 

Connectors 105,1 1,1 

Cable 30,0 0,3 

Passive component 313,9 3,3 

Active component 6,9 0,1 

Coin battery 2,5 0,03 

Total 2768,5 29,1 

      

Other     

Glass 950,0 10,0 

Silicone 17,3 0,2 

Total 967,3 10,2 

     

Packaging   

Cardboard 1065,0 11,2 

EPE 460,0 4,8 

PE 56,1 0,6 

Silicone 77,0 0,8 

Total 1658,1 17,4 

      

TOTAL 9504,4 100,0 

The total weight that is used for the study for the packed product is 9504,4 grams. In real 

life the weight is somewhat smaller, but since there was some inaccuracy, such as round 
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ups, in the data provided, the calculated weight is used. The monitor consist of many 

small components that are mostly electrical components and some bigger components 

made from metals and plastics. The patient monitors height is 388 mm, width 440 mm 

and depth 126 mm.  

The EcoInvent databases already made components were used for the study and the 

used electrical components were assumed like the databases components. For exam-

ple, the power supply unit, LCD screen, cables, resistors, and capacitors were chosen 

from the EcoInvent database. EcoInvent database does not have all the materials and 

processing methods that are used for manufacturing the product. For example, materials 

and alloys such as zinc coated steel, AlSi10Mg, expanded polyethylene foam, and poly-

butylene terephthalate were not part of the database. These are replaced with the most 

like options. Some of the processing methods could not be found in detail from the data-

bases, so more general methods like “metal working, average for steel product manu-

facturing” was used.  

5.2.2 Assembly 

The assembly for the product takes place in the company’s manufacturing in Helsinki 

Finland. Sub-assembly and component manufacturing are divided in all over the world, 

but mostly with different companies in Europe, China, and Taiwan.  

The inputs that manufacturing and raw materials use before the assembly is included in 

SimaPros material choice and manufacturing process databases that are based on in-

dustry averages. The energy and heating that the assembly uses is calculated by using 

the estimation of the production areas ratio to the whole buildings area. After this, the 

ratio is multiplied to the energy and heating use of the whole building from a years’ time 

since that is the only energy and heating information available. Using the ratio does not 

give exact values but using it is justified, since the assembly’s energy use consists mostly 

of computer like devices and electric screw turns making it somewhat comparable to the 

rest of the office buildings. The energy and heating of manufacturing is gathered in table 

5 in year, day, hour, and 10 minutes of time. The assembly of single final product takes 

around 10 minutes. 

 Energy and heating use of the products manufacturing [49] [50]  
MWh/Year MWh/Day MWh/Hour MWh/10 min 

Energy MWh 31,1 0,09 0,004 0,0006 

Heating MWh 20,9 0,06 0,002 0,0004 

The inputs in table 5 are used in the LCA software as inputs for assembly. The energy 

and heating that one monitor uses during its assembly is relatively small and thus that it 
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is not expected to be a significant emitter in the patient monitors lifecycle, especially 

since the energy used is either wind or hydropower and the assembly is extremely quick. 

Heating of the building comes from district heating and most likely natural gas is used.  

5.2.3 Transportation 

The upstream transportation data was gathered from the sub-assemblies that are bought 

from outside the company. Market method was chosen from SimaPro to fulfil all the 

transportations that happen when the components and materials are manufactured and 

processed before arriving to the company. The market method takes account industry 

specific data about the most typical transportations throughout the processing of compo-

nent, material or chemical. One component or material can travel several thousand kilo-

metres and through several countries before it is even shipped to the company.  

The sub-component suppliers are provided by the company. The distance between the 

country and city the suppliers perform, and the companies Helsinki site are calculated 

with the help of Pier2pier software [51]. Pier2pier gathers logistical data about the most 

used transport routes for different vehicles, such as trucks, sea fright and planes between 

different destinations. The transportation modes were not available, so it is assumed that 

shipping inside Europe happens via truck and shipping outside Europe happens via 

plane. With shipments that come outside Europe, it is considered that before and after 

the air transportation, the components are also transported via truck. The buy-level trans-

portation data that is used as an input in SimaPro can be seen from table 6. 

 By-level transportation data [52] [51] 

By-level  Mass (g) Type of transport Dist. In km tkm 

Packaging 1658,1 Lorry, 16-32 t 90,3 0,15 

Mounting plate 269,7 Lorry, 16-32 t 450,0 0,12 

Heatsink 1471,6 Lorry, 16-32 t 450,0 0,66 

PSU 401,7 Lorry, 16-32 t  
Air 

81,0  
7781,0 

0,03 
3,13 

CPU  332,9 Lorry, 16-32 t  
Air 

64,0  
7945,5 

0,02  
2,65 

UIC board 16,5 Lorry, 16-32 t 2247,0 0,04 

Connector plate 264,1 Lorry, 16-32 t 28,5 0,01 

Display unit 3925,4 Lorry, 16-32 t  
Air 

64,0  
7945,5 

0,25 
31,19 

Rear housing  826,0 Lorry, 16-32 t 236,0 0,19 

Button board 188,4 Lorry, 16-32 t 2247,0 0,42 

Alarm board  15,0 Lorry, 16-32 t 2247,0 0,03 

Screws 79,9 Lorry, 16-32 t 13,8 0,001 

Other plastic parts 25,3 Lorry, 16-32 t 236,0 0,01 

Other electrical 
components 

20,8 Lorry, 16-32 t  
Air 

78,0   
7298,4 

0,002  
0,15 
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The distribution data, meaning the transportation from the Helsinki assembly site to the 

customer, was gathered from the company. Five different countries are used as an ex-

ample customer. Germany is used as destination, since a lot of the monitors have been 

sold to Germany during making this thesis. The real transportation data from Helsinki 

site to Germany customer was gathered by the company, and it was found that around 

80 % of the shipments to Germany happens via truck. Finland, China, Australia, and 

USA were used as the other customer countries since the previous monitors have had a 

large market share in those countries. The distribution inputs can be seen from table 7.  

 Distribution data for different countries [51] 

From site to customer Mass (g) Type of transportation Distance in km tkm 

Finland - Germany 9504,4 Lorry, 16-32 t 2145,9 20,4 

Finland - Finland 9504,4 Lorry, 16-32 t 3 0,03 

Finland - China 9504,4 Air 6366,6 60,5 

Finland - Australia 9504,4 Air 15246,6 144,9 

Finland - USA 9504,4 Air 8065,5 76,7 

The environmental impacts of shipping the final product to different countries are com-

pared in the result sections geographical scope comparisons to give an idea how much 

the transportation impacts change when the distance is increased. 

5.2.4 Use 

During the use phase of the patient monitors lifecycle, the only input is the energy con-

sumption that one patient monitor consumes throughout the minimum of 7 years, it is in 

use. Measurements are done during 24 h of use with a power analyser. Real-life moni-

toring situation is simulated in the first measurement to give a realistic idea of the energy 

consumption. Even though other parts of the life cycle analysis do not take the accesso-

ries that can be connected to the monitor into account, for energy usage it was seen 

necessary. This is because without connected accessories the monitor is not able to do 

anything and thus that the energy consumption would not be realistic. Other measure-

ments are done with only the monitor. In these measurements the energy that different 

screen brightness consumes is compared to give an idea of how much energy can be 

saved with lowering the screen brightness during the use. The energy consumptions are 

calculated from the monitors power consumption measurements in table 8.  
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 Patient monitors energy consumption [53] [54]  
Average Real 
Power (W) 

MWh/day MWh/year MWh/7 
years 

Basic recovery room 
configuration 

33,0 0,0008 0,29 2,02 

100% screen brightness 25,2 0,0006 0,22 1,53 

70% screen brightness 22,4 0,0005 0,20 1,38 

30% screen brightness 18,4 0,0004 0,16 1,12 

Table 8 presents how much energy the monitor consumes. The first case is the most 

basic recovery room configuration where different accessories are connected to the mon-

itor. Other energy consumption measurements are performed with the monitor only for 

three different screen brightness’s. These are 100 % screen brightness, 70 % screen 

brightness and 30 % screen brightness, which is the lowest brightness that the monitor 

functions in.  

The type of energy that is consumed in the use phase is hard to predict, since the patient 

monitors are sold all over the world and the energy types can look extremely different. In 

this study, the energy types are chosen for each studied countries energy mixes for me-

dium voltage energy. Energy mixes for each studied country during 2021 are presented 

in figure 7. 

 

 Energy mixes used in 2021 for each study country [55] 

Figure 7 presents that the most common energy types in the studied countries that are 

oil, gas, coal, nuclear, wind, hydropower, solar and other renewables. The LCA results 

of these different renewables, nuclear, and fossil energy types were decided to be com-

pared in the results to give an idea on how much environmental impacts the use phase 
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and energy consumption would have, if all the consumed energy would be each of the 

types. This comparison is also used to justify why the move from fossil energy types is 

important.  



32 
 

6. RESULTS AND DISCUSSION 

This chapter presents the results of the patient monitors life cycle analysis and studies 

the environmental impacts of the patient monitor, where these impacts come from, and 

how these impacts could be reduced. First the contribution of each studied lifecycle 

stages on the environmental impacts are compared to give an idea on which of the 

stages are the most impactful. After this, each of the studied lifecycle stages are studied 

in more detail to give an idea where the environmental impacts are coming from. Sensi-

tivity analyses are performed by changing inputs such as the type of energy used and 

changing the geographical scope to give an idea on how much the results are impacted 

by the choices made for the scope and to give ideas on how the environmental impacts 

of the use stage could be reduced. Finally, recommendations are given on how the en-

vironmental impacts could be reduces in each of the lifecycle stages. 

6.1 Main environmental impacts of the patient monitor 

The impact categories with the largest contribution to the patient monitors lifecycles en-

vironmental impacts were studied by using single score that is based on characterized, 

normalized, and weighted values of the environmental impacts. The category that had 

the largest single score was mineral resource scarcity with 47,4 % impact, the second 

was global warming with 14,2 %, third was freshwater eutrophication with 13 %, fourth 

was fossil resource scarcity with 9,3 % and fifth was the freshwater ecotoxicity with 6,2 

% of impacts. Together this accounts 90 % of the patient monitors single score environ-

mental impacts. The results of the contribution of impact categories on the different lifecy-

cle stages single score are studied in table 9. 

 Contribution of impact categories to the lifecycle stages single score based on character-
ized, normalized, and weighed results 

Impact category Compone
nts 

Upstream 
transportation 

Assembly Use Distribut
ion  

Total 

Mineral resource 
scarcity 

72,3 % 0,4 % 11,2 % 2,8 % 5,2 % 47,4 % 

Global warming 5,2 % 36,5 % 38,3 % 30,2 % 32,3 % 14,2 % 

Freshwater 
eutrophication  

3,9 % 0,3 % 1,7 % 30,1 % 1,4 % 13,0 % 

Fossil resource 
scarcity 

3,1 % 25,2 % 30,7 % 20,2 % 24,1 % 9,3 % 

Freshwater 
ecotoxicity 

7,4 % 4,7 % 3,7 % 4,2 % 6,7 % 6,2 % 

The effect of components, upstream transportation, assembly, distribution, and use on 

these environmental impact categories are compared in figure 8. The results indicate 
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that the use phase contributes 70 % – 80 % of the total impacts in global warming, fresh-

water eutrophication, and fossil resource scarcity, over 20 % in freshwater ecotoxicity 

and over 5 % in mineral resource scarcity. Components and materials contributes over 

75 % in freshwater ecotoxicity, over 90 % in mineral resource scarcity, and 20 % - 25 % 

in global warming, freshwater eutrophication, and fossil resource scarcity. Upstream 

transportation contributes 1 – 3 % in global warming and fossil resource use but on other 

impact categories the contribution is under 1 %. Distribution and assembly have under 1 

% contribution on all studied environmental impact categories.  

 

 Comparisons of the environmental impacts of all studied lifecycle stages 

The global warming result of the patient monitor is 1524,6 kg CO2eq where use and 

materials and components dominate the effects. The dominant effect of use phase, and 

material and component manufacturing can be explained with being the most time-con-

suming, energy consuming and complex lifecycle stages. The components and materials 

stage includes several sub-stages from raw material extractions to component manufac-

turing and several transportations and processing stages in-between and the use stage 

takes 7 years with 24 h/d of energy use. The negligible contribution of assembly, distri-

bution, and upstream transportation can be explained by these stages being short and 

requiring less resources. The network that displays the main global warming impacts of 

the patient monitor can be found in appendix 2.  

When comparing these results to other life cycle analysis for LCD monitors or displays 

the results of the patient monitor differs. In LCAs made for LCD monitors, such as com-

puters or televisions, the material processing and manufacturing phases often are the 
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most dominant categories while in the patient monitor the use phase was the most dom-

inant lifecycle stage [18] [41] [17]. This is partly due to the accessories, such as ECG 

electrodes and modules, that are required in the patient monitors use phase. The more 

accessories connected the more energy the patient monitor consumes while consumer 

use computers and televisions usually do not require accessories to function. Also, in 

this study the patient monitor was expected to be in use for 24 h per day for 7 years. 

Consumer computers or televisions are in use for significantly less time in a day than 

that.  

For the upstream transportation stage, no comparative studies could be found since in 

other LCA studies for LCD technology all upstream transportations are part of raw ma-

terial extraction and material processing while in this study the final upstream transpor-

tation from suppliers to the assembly in the company was separated. Study about plasma 

televisions made a comparative LCA study of plasma, LCD and CRT technology where 

distribution was part of the lifecycle stages [41]. In the study the environmental impacts 

of distribution were negligible enough to be irrelevant for the end results such as they 

were in this study. What the compared studies also revealed was that end-of-life stage 

do not hold much importance in the total environmental impact results when looking at 

the negative environmental impacts. Recycling was part of some the comparative studies 

and gave positive impacts on some of the environmental impact categories but when 

assessing the full lifecycle, the results were not significant.  

6.2 Comparing environmental impacts of the major compo-
nents and materials 

Materials and components used in the studied patient monitor were compared to give an 

idea of where major of the environmental impacts are coming from. The results showed 

that three components CPU board, display unit, and PSU have dominant contribute to 

all studied impact categories. CPU board contributed 40 – 57 % to all the studied impact 

categories, display unit 20 – 35 %, and PSU 6 – 14 %. Button board contributed 4 – 8 % 

to the studied impact categories while all the other components contributed 3 % or less 

on the total environmental impact results. The results indicates that electrical compo-

nents are the main cause of the environmental impacts in all categories while compo-

nents that consist of only metals or plastics have a small impact in relation to the electri-

cal components. Figure 9 shows the environmental impact results for components and 

figure 10 demonstrate how the global warming results are divided between the compo-

nents and materials. 



35 
 

 
 Lifecycle assessment of the patient monitors components 

The global warming result of the patient monitors components and materials is 357,3 kg 

CO2eq. The global warming results in figure 10 for each component, shows the domi-

nance of the CPU board and display unit with PSU having the third largest share. The 

dominant effect of the CPU board is interesting since it weighs only 3,6 % of the whole 

studied product making it a clear environmental hotspot. The display unit is around 41,3 

% of the total weight of the device explaining some of the large impacts. PSU weighs 

around 4,2 % of the total device, also making it significantly environmentally impactful 

component. After the display unit the three biggest components are rear housing being 

around 8,7 %, heatsink around 15,5 %, and packaging around 17,4 % of the total weight 

of the studied product. The effect of these three components is small even though they 

have a large share of the product weight. This can be explained with these components 

being simple, easily recyclable and consisting of only few materials. The global warming 

impacts of all the electrical components is 313,5 kg CO2eq that contributes to 87,7 % of 

the total components global warming impacts. 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Global warming Freshwater
eutrophication

Freshwater
ecotoxicity

Mineral resource
scarcity

Fossil resource
scarcity

ACDC Power supply unit (PSU) Alarm Board Button Board

CPU board Heat sink Connector Plate

Display unit Mounting plate Packaging kit

Rear housing UIC board Other components



36 
 

 
 Global warming result contribution for the patient monitors compo-

nents 

When studying the electrical components more closely an environmental hotspot can be 

found in logic type integrated circuits with the value of 85,6 kg CO2eq with the combined 

weight of these components being only 0,06 kg. Other impactful sub-components can be 

found in surface-mounted printed wiring boards with global warming potential of 37,5 kg 

CO2eq and weight of 0,12 kg. These circuit boards are part of for example the CPU 

board. In display unit the dominant share of the environmental impacts takes the liquid 

crystal display with 113,0 kg CO2eq and weight of 1,7 kg being the single most impactful 

sub-component. The display unit has total of 124,5 kg CO2eq global warming impacts. 

The power supply units global warming result is 34,6 kg CO2eq and it weighs around 0,4 

kg.  

As discussed in the theory, most of the environmental impacts that come from electrical 

components are due to the hazardous chemicals and precious materials used as well as 

waste treatments and fossil fuels used in the processing. For LCD manufacturing, previ-

ous study found that for global warming impacts, the most significant processes were 

the use of sodium hexafluoride and carbon dioxide releases during electricity generation 

and natural gas production during the LCD manufacturing [17]. LCD module manufac-

turing caused most of the impacts on water eutrophication where the most impactful pro-

cess was the use of nitrogen and for water ecotoxicity the impacts were coming from 

phosphorous used in the process. The impacts on water were mostly coming from the 
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wastewater releases during manufacturing. For fossil resource use and depletion most 

of the impacts were coming from fossil fuels used and especially from natural gas that 

was often used in material processing stage. For the circuit boards a previous study 

found that the environmental impacts for most of the impact categories are coming from 

copper use, wastewater treatment of copper, disposal of copper, and etching operations 

during manufacturing [29].  

When studying the patient monitors metal components more closely, most of the global 

warming impacts came from aluminium alloy AlSi10Mg and aluminium processing. The 

impact of metal components is 23,8 kg CO2eq. When studying the plastics components 

more closely, most of the impacts came from polycarbonate and injection moulding. The 

global warming impact of plastic components is 12,8 kg CO2eq. In other components 

the major share is in the display unit’s glass and the impact is 4,2 kg CO2eq. The moni-

tors packaging global warming impact came mainly from the polyethylene foam softeners 

and cardboard processing. The packaging’s total impact is 3,1 kg CO2eq.  

These results are consistent with previous research about LCD monitors and displays. 

Electrical components had the largest environmental impacts, and the impacts were 

coming especially from circuit boards [18] [41] [17]. Metal components had the second 

largest share of environmental impacts while plastic and glass components as well as 

packaging shared negligible impacts in most impact categories in previous studies.  

6.3 Environmental impacts of transportations 

The environmental impacts of upstream transportation and distribution were negligible 

when compared to all studied lifecycle stages. When looking at the single score results 

of transportations, the major impacts were in global warming and fossil resource use.  

The total global warming impacts of upstream transportation was 28,3 kg CO2eq while 

for distribution the results depend on the geographical scope but for the basic model in 

Germany, the impacts for global warming were 3,3 kg CO2eq. Comparing the upstream 

transportation of each major component, the results are similar in all environmental im-

pact categories showing the display unit as the dominant emitter, contributing over 80 % 

of the impacts. The patient monitors upstream transportations environmental impact 

were studied and the impacts of each component’s transportation from supplier to the 

company’s assembly in Helsinki, Finland were compared in figure 11.  
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 Lifecycle assessment of the patient monitors upstream transporta-

tions 

The reasoning for the dominant effect of the display unit is simple since it is the heaviest 

component, comes from the furthest, and uses air transporting. Other two upstream 

transports that have most of the remaining impacts are PSU with 8 % and CPU with 7 % 

of share in the impact categories. What stands out for these upstream transportations is 

the air transport and long distances. Rest of the less impactful transportations are likely 

transported via trucks and the transportation distances are not as significant with the 

suppliers being in Europe. 

The global warming impacts as well as fossil resource impacts of transportations come 

from the fossil fuels that are used during the transportations, especially from burning the 

fossil fuels, which are mostly dependent on oil [56]. When comparing the environmental 

impacts of oil-based aircraft and trucks, the results depend on the distances. The shorter 

the distance the more trucks are favoured but when the distances get extremely long, 

the benefit of truck becomes more ambiguous. When comparing aircraft and truck trans-

portation to ship or rail transport, air and truck transportations show as the worse option 

regarding the environment. The main reasons ship and rail transports have less emis-

sions are that ship transportations can transport enormous amounts of cargo compared 

to planes or trucks and rail transportation is often fully electrical.  
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6.4 Environmental impacts of assembly 

The single score environmental impacts results showed that impacts for global warming 

and fossil resource scarcity are the main environmental impacts of assembly. The share 

of heating and electricity on assembly’s environmental impacts are demonstrated in fig-

ure 12. Heating dominates the environmental impacts of assembly in global warming and 

fossil resource scarcity while in freshwater eutrophication and ecotoxicity as well as min-

eral resource scarcity, electricity is the dominant emitter. The global warming result of 

assembly is 0,5 kg CO2eq with heating taking the major 87 % share and electricity 13 % 

share of the impacts. 

 
 Lifecycle assessment of the patient monitors assembly 

The environmental impacts are small due to the short time the assembly takes and due 

to the electricity being low carbon wind power. Heating takes enormous amounts of en-

ergy and even though for the assembly of one product it might not show as a significant 

emitter, when proportioning it on the whole assembly site, the effect of heating on the 

sites environmental impacts is significant. The results of assembly are difficult to com-

pare to other relative studies since in other studies assembly is either not considered or 

it is part of manufacturing and not treated as separate part of the lifecycle.  

The impact on global warming and fossil resources that come from heating are largely 

dependent on the type of heating and the type of boiler used since the energy consump-

tion of the heating process and type of energy vary from coal, oil, and gas [57]. The 

impact of different energy types are discussed on the following chapters. The effect of 

wind power electricity that the assembly uses is negligible on the impact categories. 
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6.5 Environmental impacts of the use phase 

6.5.1 Comparing the effect of screen brightness on the environ-
mental impacts of use phase 

The effect of the displays screen brightness on the power and energy consumptions 

were measured with three different screen brightness. 100 % of screen brightness 

means the screen lights full potential is used, while 30 % is the lowest that the brightness 

can be adjusted. It is important to note, that the results differ from other results of the use 

stage since when measuring the power and energy consumption of different display 

screen brightness, no accessories were attached to the patient monitor. The main im-

pacts of the use stage were on global warming, freshwater eutrophication, and fossil 

resource use when studying the single score results. The change of screen brightness 

had the same percentual effect on all environmental impact categories so only global 

warming is more closely studied. Figure 13 shows that using the display screen with 100 

% brightness causes 10 % more impacts on global warming than using 70 % of screen 

brightness and 27 % more impacts than using 30 % of screen brightness.  

 
 Climate change impacts of 100 %, 70 % and 30 % of screen bright-

ness energy usage 

When no accessories are part of the patient monitor the displays screen brightness is 

the major energy consumer. The main takeaway of comparing the screen brightness 

levels is that lowering the screen brightness have an actual and clear effect on the use 

stages environmental impacts in all impact categories. Especially when the use stage is 

a dominant emitter trough major part of the impact categories, should the effect of low-

ering the screen brightness and modifying the screen in a way that the brightness levels 

could go even lower than 30 % be considered to save energy. 
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6.5.2 Comparing the effect of energy type in the use stage 

Comparing the effect of using different energy types during the 7 years of use was con-

sidered to give an idea of how much the environmental impacts can change when one 

of the main inputs is changed. The effect of using renewable or nuclear energy is one of 

the most significant ways to reduce the environmental impacts of the patient monitor in 

all lifecycle stages that requires energy. When comparing the environmental impacts of 

energy types during the use stage the use stages most impactful categories global warm-

ing, freshwater eutrophication, and fossil resource scarcity are impacted 90 % or more 

by fossil energy types. While renewable energy types have large impact on freshwater 

ecotoxicity and mineral resource scarcity, it is important to note that these categories did 

not have a large impact on the use stage when assessing the single score results. 

Hydropower is the most favourable energy type since it has the least environmental im-

pacts on all the studied impact categories. Wind power and nuclear are equally as fa-

vourable while solar power have large effect on freshwater ecotoxicity and mineral re-

source scarcity. The effects of solar power are coming mostly from the precious and toxic 

minerals and metals that are used in solar panel manufacturing. On the most important 

categories regarding the use phase, solar power is clearly a better option than the fossil 

sources. The comparisons of all the environmental impacts of different energy types is 

studied in figure 14 and more specific comparisons of global warming impact is studied 

in figure 15. 

 

 Lifecycle assessment of patient monitors use phase with compar-
ing different energy types 
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When studying global warming impact, renewable and nuclear energy show significant 

benefits compared to fossil energy types. The global warming impact of using coal as 

the energy type for the 7 years the patient monitor is in use would be 2153,6 kg CO2eq, 

oil would be 1717,5 kg CO2qe, gas 867,0 kg CO2eq, solar 199,0 kg CO2eq, wind power 

38,6 kg CO2eq, nuclear 13,8 kg CO2eq, and using hydropower 8,3 kg CO2qe. When 

comparing these results to using the electricity mixture of Germany in the main model 

that had global warming impact of 1135,3 kg CO2eq it can be understood how significant 

the impact of energy type is. Changing fossil energy resources to fully renewable and 

nuclear energy resources would make the use stages impacts significantly smaller. This 

implies that in the future when the energy sources are supposed to be fossil free, the use 

stage should not be as significant lifecycle stage when assessing the environmental im-

pacts.  

 

 Climate change results for patient monitors use phase with differ-
ent energy types 

Fossil fuels are globally one of the largest contributors to nitrogen oxides, sulfur dioxides, 

fine particle emissions, CO2 emissions and other significant greenhouse gases [58]. 

Fossil fuels are also one of the most significant sources of mercury and other toxic metals 

[59] [58]. The environmental impacts of using fossil energy does not only come from 

burning oil, gas, and coal to energy but also from sourcing, producing, transporting, and 

building the power plants [58]. For renewable energy types, the environmental impacts 

comes from sourcing materials, transporting, and building the power plants as using re-

newable energy itself do not cause environmental impacts. When studying the environ-

mental impacts for freshwater the environmental impacts are coming from nitrogen ox-

ides that have a large contribute on enrichment of aquatic ecosystems and biodiversity 
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and increasing eutrophication. These results are in line with previous studies made 

where comparative life cycle analysis for different energy types are studied [59] [60].  

6.6 Comparing the effect of geographical scope on the environ-
mental impacts 

The environmental impacts between selling the monitor to Finland, USA, Germany, 

China, and Australia were compared. The environmental impacts of the comparisons 

can be seen in figure 16. The results state that using the monitor in Australia or China 

have higher environmental impacts than the use in Germany, USA, or Finland and the 

use in Finland is clearly least impactful. The differences of environmental impacts be-

tween countries can be explained with energy mixes that are used in the countries. If the 

country uses lot of fossil energy, the environmental impacts are going to be more signif-

icant. Some impacts also come from the distribution where the contributors are distances 

and transportation modes. The end country does not change the inputs for the other 

studied lifecycle stages.  

 

 Comparative lifecycle analysis between selling the patient monitor 
to Finland, Germany, USA, China, and Australia  

In figure 17 the global warming impacts of selling the patient monitor to different countries 

are studied more closely. The global warming impact of the patient monitor is 916,4 kg 

CO2eq when the monitor is sold to Finland, 1467,0 kg CO2eq for USA, 1529,0 kg CO2eq 

for Germany, 2452,9 kg CO2eq for Australia CO2eq, and 2568,2 kg CO2eq for China. 
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the product is sold to Finland compared to China. The differences to global warming 

impacts come from the use and distribution stages. For example, the global warming 

impact of using the patient monitor in Finland is 525,8 kg CO2eq while using the monitor 

in China have the impact of 2131,6 kg CO2eq which is over 75 % larger. When studying 

the distribution stage on its own the differences are significant but when studying the 

whole lifecycle, the impact of distribution is minimal. For example, distribution from the 

assembly site to one of the buyer hospitals in Finland, have the global warming impact 

of 0,005 kg CO2eq while distribution to buyer in Australia have the impact of 109,1 kg 

CO2eq. This corresponds to over 99,99 % of difference.  

 

 Comparing climate change results between Germany, USA, China, 
and Australia 

This result imply that stating the patient monitors global warming or other environmental 

impacts with taking account the use phase can be misleading since the patient monitors 

manufacturer cannot control what type of electricity the buyer uses. Even though the 

results could be misleading, the environmental impacts of use stage and what effects 

them, are extremely important to be aware of. Knowing how much the impacts could be 

reduced by changing fossil electricity to renewable or paying more attention to parame-

ters such as the screen brightness is crucial in designing environmentally friendlier prod-

ucts.  

6.7 Reducing the environmental impacts of the patient monitor 

Reducing the environmental impacts of the patient monitor should be started from the 

designing phase to incorporate all the lifecycle stages, especially the end-of-life stage. 
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When studying a product that is already designed and sold the environmental impacts 

are more difficult to reduce. For this product the environmental impacts came mostly 

from the components and the use phase, so the focus of reducing impacts is on these 

stages thus some common recommendations are given to the other lifecycle stages as 

well.  

When reducing the components environmental impacts, the supply chain needs most 

focus. The patient monitor manufacturer cannot always effect on all the choices made in 

the sub-component manufacturing since the components come from suppliers, but the 

manufacturer can have a major effect on the material choices, component designs, sizes, 

and weights in the components and parts that it is designing. The patient monitor manu-

facturer also have the responsibility of choosing the right suppliers in regards of sustain-

ability not only by the environment but also by safety, human health and rights, mining 

conditions and other aspects of sustainability.  

In 2014 a study was made on selecting sustainable suppliers in the medical device in-

dustry [61]. The study gave a guideline on sorting suppliers in regards of sustainability. 

The study also highlighted how different suppliers can have an enormous difference 

when assessing different sustainability categories. In this study the suppliers of the pa-

tient monitor were not critically studied but this should be considered as a next step to 

give an idea if the suppliers are sustainable or if there are better options available. When 

sorting the suppliers to sustainable the mentioned study, or other similar ways could be 

utilized. Choosing suppliers that are open about their environmental impacts and are 

ready to change their ways to become more environmentally friendly would be crucial in 

reducing environmental impacts.   

When looking at the specific aspects the manufacturer or supplier could make in reducing 

environmental impacts of components and materials a special focus need to be in the 

electrical components. A major part of the environmental impacts of electrical compo-

nents come from the processing stages. These environmental impacts could be reduced 

by changing fossil energy and fuels used in the processing to renewable and nuclear 

options. This change alone would be one of the most significant reductions on the envi-

ronmental impacts of the material and component manufacturing. Energy efficiency of 

the processing methods should be evaluated by changing or developing processing 

methods that require lots of energy to less consumable ones. For example, injection 

moulding that is largely used processing the plastic parts of this product, is often seen 

as an energy heavy processing option, even though during recent years it has been 

developed to become less energy consuming.  
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Other than energy, some of the processing methods, especially in electrical component 

manufacturing had environmental impacts from the toxins and amount of water that are 

used in processing. Finding a way to reduce the amount of toxic chemicals and com-

pounds in electrical component processing would reduce the environmental impacts for 

wastewater, and other important categories. Reducing the use of water can be done by 

recycling and reusing the water that is needed in the processing instead of using new 

freshwater in each cycle or by developing new methods that require less water [62]. 

While recycling the processing water, chemicals, materials, and compounds could be 

recovered from the water and recycled and reused.  

There are tons of wastewater produced during processing of electrical and metal com-

ponents and especially copper in wastewater was found to cause major environmental 

impacts on the freshwater categories. Some more sustainable techniques have been 

already developed. For example, ammonia and nitrate removal from wastewater, more 

targeted contaminant such as heavy metal removals, and ways to recover water are 

some of the already available ways to reduce the environmental impacts of wastewater 

[62]. Materials that are wasted during processing should be reduced to minimum and if 

waste occurs it should be reused or recycled. For example, 3D printing is found to be an 

effective way to reduce material waste during manufacturing [63]. A look into the modern 

and sustainable processing techniques such as 3D printing should be considered if fea-

sible for the product or component.  

For the materials used the change to more sustainable ones is tricky since the materials 

need to fulfil all the safety standards required and be high-quality [66]. This means that 

materials need to be found where sustainability and safety do not exclude each other 

and for medical devices this is an area that need studying and developing. Recycling, 

reusing, and reprocessing of the used materials would reduce their environmental im-

pacts but the safety standards for medical devices make the use of recycled material 

difficult [67]. For the electrical components, recycling and reuse is crucial for limiting the 

environmental impacts of the toxic, precious, and rare metals, minerals, and compounds 

used. To ease this process the components should be designed in a way that they can 

be easily separated and only few different materials are used per component. This is 

understandable a challenge for complicated electrical components where one of the 

main issues regarding recycling and reusing is the inability to separate components and 

materials from each other. Also, reducing the size and weight of the components would 

reduce the environmental impacts since less material would be used. 

Even though in the big picture the packaging of the patient monitor did not have a signif-

icant effect on the environment, changing the plastic foams to easily recyclable options 
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such as paper or cardboard is recommended. A monomaterial design would be beneficial 

to ease the recycling of the packaging and reducing the weight and size of the packaging 

should be considered. Performing lifecycle assessments to compare material choices is 

recommended when designing new concepts or developing the design of the patient 

monitor to become more sustainable. For example, there is a lot of discussion about 

biobased and biodegradable material in the medical device field and the thought that 

biobased or biodegradable material is more environmentally friendly option seems to be 

the common understanding [64]. LCAs should be performed to establish the environ-

mental impacts for each individual case before changing the material type to see if new 

designs are more beneficial for the environment or not. 

Studying the effect of display screen brightness and the effect of energy types on the 

use phase revealed significant ways to reduce the environmental impacts. Using renew-

able and nuclear energy alone could reduce the environmental impacts of the patient 

monitor over to half when compared to the use of different countries energy mixes or 

fossil energy. On the manufacturers side there is already discussion on the possibility of 

lowering the display screen brightness even more than 30 % and this is highly advised 

after seeing the effect of lowering the brightness. Also, parameters that consumes en-

ergy other than the display screen should be studied to see if there is a way to reduce 

the energy consumption.  

The customers using the monitor should be advised on the significant effect they can 

have on the patient monitors environmental impacts and emphasise the responsibility 

that buyers have on the environment. This does not only limit to the use phase but to the 

end-of-life as well where the buyer as the user of the patient monitor have the responsi-

bility to recycle the product as well as possible. Customers should also be informed and 

advised on ways that energy can be saved during the use. These include the savings 

that can be made by lowering the screen brightness when 100 % brightness is not nec-

essary or turning the monitor off, when it is not used. Customers should also be advised 

on how to take the best care of the product to make it last as long as possible and pos-

sibilities of upgrades, maintenance, and repair of parts instead of buying completely new 

product.  

For the transportation phases one improvement opportunity is in the transportation de-

vices used. Now most of the finished product or components are transported with plains 

or trucks depending on the distance, size, and urgency of the transport. Ship transporta-

tion is usually not used due to the time it takes comparative to planes or because there 

is not enough products transported where a ship container would make sense. Despite 

the challenges, ship transport should be considered as an option when the transportation 
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is not in a hurry. Rail transportation is an interesting option, and it should be investigated 

if changing some of the truck transports to rail could be an option. If truck is seen to be 

the greatest option, the truck transportations should be optimized by only transporting 

full truck loads. Also, the amount of products that are transported in one truck or con-

tainer should be optimized. One way to do this is developing new packaging that takes 

less space so more products could be transported at ones.  

When tracking back the transportations that happen during the upstream process, one 

component can travel through the globe multiple times before it is complete. The up-

stream transportation could use more detailed studying to see if there is a way to opti-

mize the processing phases in a way that component should not have to travel back and 

forth multiple times. Choosing even more suppliers that are closer to the assembly site 

should be investigated if feasible to reduce the transportation distances. Final improve-

ment opportunity to reduce the environmental impacts of transportations is studying the 

use of install carts and if using install carts would reduce the environmental impacts. 

Using install carts would mean that no packaging is required but the product is placed in 

carts specially made for the product.  

Even though the end-of-life was left out of the scope, final recommendations is to study 

the end-of-life of the product and ways to recycle, recover precious material and reuse 

of components. In terms of circular economy and the scarcity of metals, minerals and 

fossils, the patient monitor includes a lot of precious materials and recovering these ma-

terials would be highly beneficial. Developing takeback programs where the patient mon-

itor would be retrieved after the end of its use phase and the manufacturer would take 

the charge of recycling would be beneficial to make sure that the end-of-life is optimized. 

In this way, the manufacturer could recover and reuse some of the components and 

materials if feasible. This would not only reduce the environmental impacts but the cost 

of buying new materials and components as well.  
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7. CONCLUSION AND FUTURE WORK 

This study investigated the environmental impacts of a patient monitor and ways to re-

duce these impacts by literary survey and performing lifecycle analysis. The life cycle 

analysis were performed by gathering data from the patient monitors materials and com-

ponents, upstream transportations, assembly, distribution and use stage. The end-of-life 

stage was left out of the scope of LCA since there were no data available to conclude 

realistic results.  

What was found trough literary survey was that designing sustainable and environmen-

tally conscious medical devices is largely compromised by the safety regulations and 

rules that medical devices need to follow since safety of patients and medical staff is the 

most important aspect in medical device designing. Using more sustainable or recycled 

material can be forbidden by the safety rules as well as recycling or reusing medical 

devices or components that could be contaminated. The importance of these devices is 

to safe human lives and doing this as safely as possible is sometimes more important 

than designing the medical device to be as sustainable as possible.  

A conclusion that can be drawn from the results is that when assessing the whole lifecy-

cle of a patient monitor, the use stage of the patient monitor requires the most attention 

as the most impactful stage. Thus, the results of the use stage were majorly impacted 

by the energy type used as well as the change of parameters such as the display screen 

brightness. If the energy usage were fossil free, the result of this study would be com-

pletely different, and the materials and components would be the main contributor to the 

environmental impacts. Environmental impacts of materials and components came 

mainly from the electronic components. Especially circuit boards, LCD technology and 

the power supply unit were found to be the most impactful due to precious and toxic 

materials used as well as unsustainable processing methods.    

Final conclusion is that the main way to reduce environmental impacts of the patient 

monitor is to use renewable and nuclear energy in all of the lifecycle stages where the 

use of energy is required, but especially in the use and processing stages. In the material 

and component section, reducing environmental impacts requires the electrical compo-

nent industry to change to more sustainable ways of performing. The environmental im-

pacts could also be reduced by optimising logistics in all life cycle stages.  

A future step is to study the end-of-life stage of the patient monitor and perform life cycle 

analysis to this final stage to conclude the study of full lifecycle. Also, more research is 
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required on developing sustainable medical devices and especially developing materials 

that are sustainable but pass all the safety standards medical devices require as well as 

safe ways to recycle and reuse the components of medical devices. Future work on per-

forming life cycle analysis to more variety of medical devices is also highly recommended 

to help studying and reducing the environmental impacts.  
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APPENDIX 

Appendix 1: 
Effects and relations of the environmental impacts [43] 
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Appendix 2: 
The patient monitors network 
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