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1 Sammanfattning

Projektet LoopSpeaker syftade fill att kartlagga férutsattningarna och méjligheterna for, samt foresla
hur, hdgtalare fran skrotbilar ar som av olika anledningar natt slutet pa sina respektive livscykler) kan
ateranvandas. Projektets huvudsakliga fokus var i att ateranvanda hogtalare via andra ljudapplikationer
an i bil, men ur ett designperspektiv projektet aven undersokte potentialen for att uppna ateranvandning
genom att anvanda komponenttypen vid nytillverkning av bilar.

En modern bil kan i dag innehalla mer an tio hdgtalare (nya bilar som kommer ut pa4 marknaden nu
kan innehalla 25-30 hogtalare) och hogtalare ar komponenter som ofta har langre livslangd an en bil i
sig. Samtidigt ges hdogtalare sallan en chans till ett andra liv. Bilmodellerna i fokus for projektet var
Volvo Cars-modeller byggda pé plattformen SPA1 dar XC90 av arsmodell 2016 var den forsta som
producerades och slapptes pa marknaden 2015. For SPA1 bilmodeller finns fyra olika
ljudsystemnivaer tillgangliga och i det var High Performance PRO-nivan pa hdgtalarna och
forstarkaren som demonterades och anvandes vidare som en del av projektet. For att ta fram den
slutliga prototypen utfordes flera tester med olika hogtalar- och basuppsattningar tillsammans med
Transparents standard "E-box" (forstarkare och stromférsorjningsenhet) som anvands i Transparent
Speaker. Den uppstallning som presterade bast, och som anvandes for att bygga prototypen i
projektet, innehdll tva "mid” eller "full range” hdgtalare och en bashdgtalare ("woofer”).

Projektet bestod av 5 arbetspaket och aktiviteterna fokuserade pa foljande:

- Kartlaggning av fléden och typer av tillgangliga hogtalare

- Desktop research och materialflédesanalys

- Analys av demonteringsaktiviteter for hogtalarna inklusive "teardown” med vagning av
komponenterna och tidsanalys

- Cirkular system/kartlaggning av vardekedjan

- Analys av cirkulara designkriterier som skulle méjliggora ateranvandnings "loopar” och leda till
Okad cirkularitet

- Utveckling av konceptdesign och fysisk prototyp av en ljudapplikation

- Enkla berakningar av ekonomiska och miljdomassiga fordelar

- Paketering av projektets arbetssatt och slutsatser sa att de aven kan éverforas till andra typer
av komponenter i bilar med syfte att uppna 6kad cirkularitet for bilen som produkt.

Resultaten visade en potential att ateranvanda hdogtalarna i ett hogpresterande ljudsystem, men vi
maste ta hansyn till att arbetet med att demontera hdgtalare fran uttjanta bilar kommer att kréva extra
tid och hantering fér demonterarna. Enbart som en indikation - tiden som behdvdes for att ta bort fyra
"mid” och "full range”-hogtalare fran fyra dérrarna och tva bashogtalare ("woofers”) fran antingen fram-
eller bakdorren tog cirka 220 sekunder (dvs. 3 min 40 sek). Det betyder att det tog 110 sekunder att ta
bort hégtalarna som anvands for ljudsystemets prototyp som utvecklats i vart projekt. Med ett beraknat
timpris pa 400 kr/h ger detta en arbetskostnad pa ca 12 kr. Utéver detta tillkommer kostnader for alla
andra erforderliga aktiviteter sasom vidare hantering, packning och transport, diagnos/funktionstester
och slutligen tillverkning av slutprodukten. Alla dessa kostnader skulle behdva beaktas for att gora ett
potentiellt business case.

Baserat pa enkla klimatberakningar kunde man konstatera att klimatférdelar kan férvantas nar
tva "mid” och "full range”-hogtalare och en bas ("woofer”) fran en bil ateranvands och ersatter
produktionen av tre liknande produkter.

Nagra initiala idéer om ateranvandning av hogtalarna i de nytillverkade bilarna diskuterades ocks3,
d.v.s. férandring av tankesatt till det cirkulara vid design och biltillverkning, inklusive "open source”
dokumentation (tekniska specifikationer) pa hogtalare, standardisering av montering/fixering for
enklare demontering, reparationer och ateranvandning av hogtalarna, implementering av "design for
disassembly" av hdgtalare for forbattringar i slutet av deras livslangd inklusive ateranvandning av
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material, magneter och andra komponenter i hogtalarna, inférande av ett retursystem som skulle féra
tillbaka delar till biltillverkningen.

Sammanfattningsvis, att skapa en cirkular hogtalarmarknad som ar bade lokal och motstandskraftig
kraver starkt och effektivt samarbete mellan olika intressenter i vardekedjan, branschévergripande
Idsningar, standardiserade konstruktioner/design och sparbarhet samtidigt som man gar bort fran
konkurrenshemlighet. Men for att uppna verklig cirkularitet rekommenderar projektet att leverantorer
och biltillverkare samtidigt undersoker satt att forbattra hanteringen av hogtalare som inte kan
ateranvandas som de ar, och som syftar till att minimera utfléden och infléden i vardekedjan.

2 Executive summary in English

The project LoopSpeaker investigated the prerequisites for and proposed how speakers from end-of-life
cars can be reused mainly in audio applications other than in cars.

From a design perspective, the project also investigated the potential to reuse the speakers in the new
manufactured cars. A modern car today may contain more than ten speakers (new cars put on the
market may have 25-30 speakers), and these are the components that often have a longer life than a
car itself. At the same time, speakers are rarely given a chance for a second life. The car models in
focus of the project were Volvo Car models built on the platform SPA1 where the XC90 of year model
2016 was the first to be produced and put on market in 2015. For SPA1 car models four different audio
system levels are available and in it was High Performance PRO level of the speakers and amplifier
that were dismantled and used further as a part of the project. To develop the final prototype, several
tests were performed using different speaker and woofer setups together with Transparent’s standard
“E-box” (amplifier and power supply unit) which is used in the Transparent Speaker. The setup that
performed the best, and which was used to build the prototype in the project, contained two mid or full
range speakers and a woofer.

The project constituted of 5 Work Packages and the activities focused on the following:

- Mapping of flows and types of available speakers

- Desktop research and material flow analysis

- Analysis of dismantling activities of the speakers including teardown with weighing of the
components, and time analysis

- Circular system value chain mapping

- Analysis of circular design criteria that would enable reuse loops and lead to increased
circularity

- Development of a concept design and physical prototype of an audio application

- Simple calculation of economic and environmental benefits

- Packaging of the project's working methods and conclusions so that they can also be
transferred to other types of components in cars with the aim of achieving increased
circularity for the car as a product.

The results showed a potential to reuse the speakers in a highly performing audio system, however
we have to take into consideration the fact that the work to dismantle speakers from the end-of-life
cars will require extra time and handling for the dismantlers. As an indication only - time needed to
remove four mid and full range speakers from the four doors and two woofers from either the front or
rear doors took around 220 seconds (i.e. 3 min 40 sec). That means, it takes 110 seconds to remove
the speakers used for the audio system prototype developed in our project. With an estimated hourly
rate of 400 SEK/h this results in a labour cost of approximately 12 SEK. On top of this, costs for all
other required activities such as further handling, packing and transport, diagnosis/functions tests and
finally manufacturing of the final product must be added. All these costs would have to be taken into
consideration to make a potential business case.
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Based on simple climate calculations it could be observed that climate benefits can be expected when
two mid and full range speakers and one woofer from a car are reused and replace the production of
three similar products.

By mapping the possibilities, and practically demonstrating how the reuse of car speakers can be
realized in a business-oriented and industrial way, the project illustrated how more of a car's
components can be handled in a circular way in connection with the end of its life.

Sharing the insights and lessons learned from the practical work with the prototype, helped to identify
criteria for Design for Disassembly and more of a circular design, that would contribute to an increased
circularity of a car already at the design stage.

Some initial ideas about reuse of the speakers in the new manufactured cars were also discussed, i.e.
change of mindset into the circular one at the design and car manufacturing, including open-source
documentation (technical specifications) on speakers, standardization of mounting/fixations for an easy
disassembly, repairs, and reuse of the speakers, implementation of "design for disassembly" on
speakers for end-of-life improvements including reuse of the materials, magnets, and other components
of the speakers, introduction of a take back system that would feed parts back into car manufacturing.

Concluding, creating a circular speaker market that is both local and resilient requires strong and
efficient collaboration of different stakeholders in the value chain, cross-industry solutions,
standardized designs, and traceability while moving away from competitive secrecy. However, to
achieve true circularity, the project recommends that suppliers and car manufacturers concurrently
explore ways to improve the end-of-life management of speakers that cannot be reused as they are,
aiming to minimize outflows and inflows in the value chain.

3 Bakgrund

The project aims to map the conditions and possibilities for, and propose how, speakers from scrap
cars (cars that for various reasons have reached the end of their useful lives) can be reused. The main
focus of the project is to reuse speakers via other audio applications than in the car but will also
investigate from a design perspective the potential to achieve reuse by using the component in new
manufactured cars. An important step to succeed with this type of reuse is to be able to dismantle
speakers from cars in an efficient way. A modern car can contain more than ten speakers today.

In 2021, a total of 301,000 cars were put on the Swedish market (new registered cars in 2021'), while
in 2020, nearly 176,400 scrapping certificates were issued?. Assuming that the cars that are scrapped
today on average contain four speaker units per car, that gives around 700 000 units for 2020. For the
cars that are put on the market today, the number of speakers would be even higher. The sound
system is a part of the large amount of electronics found in cars that is constantly growing as a result
of the cars becoming increasingly computerized, connected, and electrified.

Speakers are also a component that rarely breaks during a car's use phase which means that when a
car reaches the end of its life cycle, there will be many speakers with high quality and function
available. Speakers are quite robust components which also affects a low demand for spare parts, thus
they are rarely dismantled from scrap cars. The supply-demand ratio shows that there are many
available speakers, while the demand is low. That gave us an idea of this project.

A car contains a variety of different materials, which vary based on the type of powertrain the car has.
Certain metals are more dominant in electric vehicles (EV), such as copper, silver, and gold, since

" New registered cars in 2021 https://mobilitysweden.se/
2 Statistik 6ver utfdrdade skrotningsintyg https:/transportstyrelsen.se/avregistrering-och-skrotning/
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these metals are a key factor in electrical and electronic equipment (EE). While other are more
prominent in vehicles with an internal combustion engine (ICE), such as palladium, which is required for
catalytic converters®.

Since the beginning of the century there has been a slow, but steady increase in the total weight of new
automotives that enter the market in the EU, UK, Norway, Switzerland and Iceland. This increase in
total vehicle weight has been driven by an increased interest from consumers for larger vehicles. The
average private vehicle put on the EU market in 2023 is estimated to weigh around 1280 kg. The two
dominant metals in vehicles today are iron and aluminum. The type of iron and aluminum has been
evolving due to an increased demand for lightweight technologies where new steel and aluminum
alloys are created with metals such as magnesium and manganese to be able to improve the alloys
strength and simultaneously decrease the weight®.

Even before EVs were introduced, the amount of rare earth minerals steadily increased due to the
amount of increased electronic control systems (ECS) introduced in vehicles, until the amount
plateaued due to an increased lightweight and optimization of the ECS introduced in the vehicles®. The
type of ECS introduced in vehicles depends on the luxury level of the vehicle. ECS that are required to
be introduced to vehicles due to environmental or safety regulation will eventually be introduced in
almost every new vehicle put on the market (Stocks, Flows, and Distribution of Critical Metals in
Embedded Electronics in Passenger Vehicles). While comfort and entertainment systems are not
introduced as widely. The rate of introduction of comfort and entertainment systems is far slower and
are more prominent in higher end cars, which tend to have a higher amount of EE systems compared
to other less luxurious models (Stocks, Flows, and Distribution of Critical Metals in Embedded
Electronics in Passenger Vehicles). The sound system used to be the most common electronic system
in a car. As the amount of electronics in the car have increased, airbags and vehicle dynamic control
systems such as Anti-Locking Breaking System (ABS) and other safety features are now the most
common electronic systems in a vehicle. The cars speakers used to be the one of the main sources of
a cars’ total Dysprosium and Neodymium use. However, as more electrical systems are introduced to
modern cars which require permanent magnets to function, the speakers are not as dominant as they
used to be (Stocks, Flows, and Distribution of Critical Metals in Embedded Electronics in Passenger
Vehicles). As electric vehicles become more prominent, the use of both Neodymium and Dysprosium is
expected to increase, for use in electric traction motors?.

4 Syfte, forskningsfragor och metod

Aim

The project aimed to map the conditions and possibilities for, and propose how, speakers from "scrap
cars" (cars that for various reasons have reached the end of their respective life cycles) can be reused.
The main focus of the project is to reuse speakers via other audio applications than in cars, but from a
design perspective will also investigate the potential to achieve reuse by using the component type in
the new manufacture of cars.

Research questions

The project intended to answer the following research-oriented questions: (1) What is required to
enable reuse car speakers in newly manufactured cars and in audio applications outside the car?
Which different criteria need to be met and how? (2) What can and should an effective circular system
for the speaker look like, where the right prerequisites for increased circularity are built in from the
start?

3 RMIS — Raw Materials Information System https.//rmis.jrc.ec.europa.eu/veh#/p/new_vehs. Accessed: June 2023.
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Methods

The work in the project was very practical and the methods we used were: study visit to Jonkdpings
Bildemontering (car dismantler in tight collaboration with project partner Ecris), desktop research,
material flow analysis, circular system workshop with mapping of activities, challenges and possibilities
and stakeholders within the value chain, practical work to teardown speakers including weighing of its
components, time analysis of the disassembly operations, functional tests of speakers, creation of
different design concepts of an audio application, practical work to build a concept design/prototype of
an audio system using disassembled speakers from the cars and finally simple calculations of climate
and economic potential to reuse speakers.

5 Mal

The project intended to fulfill the following goals:

(1) Contribute to enabling car speakers as a high-quality component to be primarily reused (both inside
and outside the car) and secondarily given good conditions to enable recycling of materials through a
more dedicated disposal process.

(2) From the speakers’ design perspective to demonstrate how to develop more circularly adapted car
components.

(3) Show feasibility of an extended disassembly and separation of electronics in cars in connection with
the disassembly of speakers which would contribute to achieving increased material recycling rates.
(4) To achieve a reduced energy use in a car's life cycle, lower emissions of greenhouse gases,
reduced virgin resource extraction, etc., that are effects of an increased circularity for the car as a
product.

6 Resultat och maluppfyllelse

The results in the project are presented per each Work Package below.

6.1 Work Package 1: Current state and future analysis: A mapping

Activities in WP1 focused on the following:
- Component/material flow analysis
- Mapping of the circular system and value-chain with challenges and possibilities
- Mapping of the speakers within SPA1 platform for Volvo cars

6.1.1  Component and material flow analysis

Car audio system evolution — a short walk through the history

Starting with cars to be equipped with Motorola AM radios in the 1930s and later proceeding to FM,
seeing the introduction and a rather short-lived use of turntables in cars in the 1950s and the
milestone of the compact cassette being launched by Philips in 1964 that had an obvious place in cars
until the CD started to be broadly used in the 1990s, up until today when we rely on digital media for
playing sound and music, it could probably be fair to say that the development of car audio systems is
very similar to that which has taken place in our homes and the life we live outside the car. The
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following text aims at giving a brief description of some of the parts of the development which has led
us to where we are today and one can find cars equipped with up to 25 to 30 speakers®.

Subwoofer

Something that has changed over time is the ability to model the behavior of the magnetic field within
the speaker. This has led to that designers have been able to create subwoofers that are more
efficient than previously and functional in smaller enclosures which is an important factor in a car
where you probably want to mainly use that space for other purposes. Getting that big bass in a car up
until quite recently meant you had to give up the trunk whereas nowadays subwoofers are designed to
work well in very small and shallow enclosures. An apparent effect is that you can get big sound in a
car without taking up much space. However, these types of subwoofers usually require more power to
produce the same output as “conventional” subwoofers. But as long as power is seen as inexpensive
this will not be of any concern.

Speakers

In analogy to subwoofers, speakers are very much the same as the first fixed-magnet, moving-coil
speaker was developed in 1925. Current speakers have better efficiency and accuracy thanks to
better materials for surrounds, better adhesives and much better processes to manufacture more
consistent products. It was the optimization of a speaker's motor assembly regarding the interaction
between the voice coil and the magnetic field that resulted in the real performance upgrade.

Amplifiers

Miniaturization — amplifiers have become smaller and more efficient over time, being able to produce
better sound and consume less power than before. They have also become much cheaper per
amount of power they can produce. These are all features that should be seen as beneficial for audio
systems in cars.

Modern signal processing

Modern signal processing and new processors make it able to both create and control sound in a way
that up until recently was not possible. This results in an improved sound experience at all locations
(seats) in a car®.

The 1980s — the introduction of multi-speaker systems

The 1980s and 1990s can be seen as the golden age of aftermarket audio systems with many
manufacturers offering car audio systems. This is something which since then has changed where
these kinds of actors now are acting as suppliers to the automotive industry. This is a development
which has led to a much fewer number of car audio system manufacturers in comparison with the last
decades of the 20th century. In the mid-1980s (1984) Pioneer introduced the first automotive CD
player contributing to a qualitative leap in the restoration of audio quality. Towards the end of the
1970s there was an increased demand of being able to pump up the volume in cars and people
started to question why in-car stereo systems were limited to single-speaker, monophonic systems.
Even though the question of audio systems as a full spectrum listening experience came into focus the
development was rather slow®. It was first around ten years later, by the late 1980s, that more and
more multi-speaker stereo systems were being installed where the total number of speakers/speakers
were at least six’.

4 New Polestar 3 SUV Boasts Revolutionary Bowers & Wilkins 25-Speaker Audio System (2022).
https://carbuzz.com/news/new-polestar-3-suv-boasts-revolutionary-bowers-wilkins-25-speaker-audio-system.
Accessed: June 2023.

® How Car Audio Has Changed Through The Years (2016). https://www.bestcaraudio.com/how-car-audio-has-changed-
through-the-years/. Accessed: June 2023.

% Road Tunes: How Car Audio Systems Have Evolved (2017). https://industrytoday.com/road-tunes-how-car-audio-
systems-have-evolved/. Accessed: June 2023.

7 Car Audio Evolution Through the Years (2022). https:/dyler.com/blog/224/car-audio-evolution-through-the-years.
Accessed: June 2023.
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What a speaker is made of
There are three main parts of a car audio system. These are:
e Head unit (control unit being part of the infotainment system in modern cars and the interface
of the audio system)
e Amplifier
e Speakers?®

Since it is speakers which are in focus of this project the head unit and amplifier will get less attention
(but not neglected). To get an understanding of what kind of components and materials to be expected
in a speaker this section starts off by giving a brief description of what speakers are made of.

Figure 1 gives an overview of what components and common materials are used for making speakers.
Glues and adhesives are used to bond many of the parts and materials which make them difficult to
separate from each other and recycle. Except for paper the cone can also be made of plastic, metal
(usually aluminum) or aramid fibers (where both plastic and aramid fibers are examples of synthetic
materials). From a resource and climate point of view the most interesting component is the magnet (a
permanent magnet) where the three most common materials used for speaker magnets are ferrite,
neodymium, and alnico®. This is since neodymium is a critical raw material and comes with a
significant climate impact when “produced”. As a rare earth metal, it is also an element of high
importance in e.g. magnets used in electric motors for cars and wind turbines'. All these three
materials are alloys. Ferrite is derived from iron oxides mixed with some other metallic elements
whereas that of neodymium, except for neodymium itself, is mixed with smaller amounts of iron and
boron. Alnico was the primary material used in speaker magnets until the 1970s but is rarely used
today. When to use ferrite or neodymium magnets in speakers is often a question about strength
(magnetic force), size, weight and cost. Ferrite is a much less costly material than neodymium but a
much weaker in terms of magnetic force. This means that the size and weight of a ferrite magnet will
be significantly larger than a neodymium magnet to achieve the same strength. Ferrite resist corrosion
whereas neodymium can rust and thus need to be coated or covered for protection. This feature can
be favorable for using ferrite in outdoor audio systems. When to use what type of speaker magnets in
cars is believed to depend on, for example, what type of speakers (coaxial or component) it concerns
and where they are to be located to resist a potential exposure to wet and/or humid conditions as well
as enclosure volume. For a subwoofer in a car the heavier weight of a ferrite magnet can be beneficial
by adding stability to it when pushed hard. On the other hand, neodymium magnets will allow for
smaller and light-weight, but yet powerful, subwoofers, compared to ferrite speakers'".

8 Car Audio Systems: A Comprehensive Guide (2022). https://www.cvsltd.co.uk/help-and-advice/motoring-advice/car-
audio-systems-a-comprehensive-quide/. Accessed: June 2023.

% Speaker Materials 101: Magnets (2023). https://blog.miscospeakers.com/magnet-materials-in-speakers. Accessed:
June 2023.

% Hongyue, J. et al. (2016, Comparative Life Cycle Assessment of NdFeB Magnets: Virgin Production versus Magnet-
to-Magnet Recycling (2016). Procedia CIRP, volume 48.
https.//www.sciencedirect.com/science/article/pii/'S2212827116006508?ref=pdf download&fr=RR-
2&rr=7df6bea8dc2b1d02. Accessed: June 2023.

" Neodymium vs. Ferrite: Which is Better? (2021). https:/blog.down4soundshop.com/neodymium-vs-ferrite-which-is-
better/. Accessed: June 2023.
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Basket

Glass re-enforced plastic
or metal

Holds everything together
and keeps it stiff.

Pole Piece/top plate

Steel
Part of magnet assembly. held
together with screws and glue

Magnet

Ferrite (iron ceramic mix)
Attracts and repels coil

Figure 1. Components and materials used in speakers.

Spider

Fabric (synthetic)

Provides suspension to coil
and prevents it rubbing against
the magnet.

Provides protection from dust
etc.

Cap
. Plastic

Keeps out dust from coil

Cone/Suspension

Paper/ Synthetic
Moves air when vibrated by
coil.

Voice Coil/former

Enamelled copper wire glued
to plastic sheet.

Has alternating current run
through it. producing a
magnetic field that flips
positive and negative, and
therefore vibrating
to-and-from the magnet.

An example of components and materials in speakers

Based on Transparent’s product portfolio and the LCAs they do for their complete product range of
loudspeakers, speaker components and their corresponding weights were used for the Transparent
Speaker in white to exemplify what a BOM for speakers might look like'?. The Transparent Speaker
contains two equal full range speakers (3”) and a woofer (6.5”). The pair of full range speakers make
up a total weight of 492 g (246 g each) whereas the woofer has a weight of 1313 g. The heaviest
components are the magnet assemblies making up almost 84% of the full range speaker weight (412
g) and almost 76% of the woofer (995 g). The second heaviest component is the basket'2.

For comparison and as a reference, teardowns of car speakers were performed. The teardown of a
mid or full range speaker with a total weight of 146 g, had a magnet assembly making up 84% of the
total weight. This weight ratio is very much in line with the full range speakers used in the Transparent

speaker.

A picture of the Transparent Speaker and its components and their weights of speakers and woofer

can be seen in Figure 2 and Table 1.

2 Transparent Speaker (white) (2023). https:/transpa.rent/en/transparent-speaker-white. Accessed: June 2023.
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Figure 2. Transparent Speaker in white with its two full range speakers and woofer,

used as a reference for components and materials found in speakers.

Table 1. Components and their weights in the speakers and woofer in the Transparent Speaker.

Woofer (1 x 6.5 (165 mm)) Weight (g) Weight%
Screws 6 0.5
Magnet 995 75.8
Cone and dust cap 5 0.4
Cable 2 0.2
Coil 10 0.8
Spider 2 0.2
Rubber surround 9 0.7
Basket 284 21.6
Total 1313

Speakers (full range, 2 x 3” (7.6

mm))

Screws 3 0.6
Magnet 412 83.7
Cone and dust cap 2 0.4
Cable 0.5 0.1
Coil 0.5 0.1
Spider 0.5 0.1
Rubber surround 0.5 0.1
Basket 73 14.8
Total 492 (246 each)
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Audio systems in Volvo cars based on the SPA1 platform — a delimitation

Regarding car models in focus the project was limited to Volvo Car models built on the platform SPA1
where the XC90 of year model 2016 was the first to be produced and put on market in 2015. Other car
models built on the same platform are the S/V90/V90CC (2016--), XC60 (2017--) and S/V60/V60CC
(2018--). An important reason for this limitation is that cars should not been too old as speakers will
most likely age over time and lose their original quality. Another reason is to gain consistency and
prerequisites for repeatability in terms of certain speaker types to be reused. To be relevant for reuse
purposes speakers still need a certain level of “fitness for use”. Car models built on the SPA1 platform
will in 2023 have the highest age of eight years. The average lifetime of a car in Sweden is
approximately 17 years which means that a Volvo SPA1 car is significantly younger's.

For SPA1 car models four different audio system levels are available. The name of the lowest and the
second highest level, as well as an example of some of their specifications, are seen in Table 2. The
types and number of speakers for the High Performance PRO level seen in the table are based on the
setup in an actual car whose speakers and amplifier were removed as part of the project. The
specification seen in the table is a somewhat modified version of the High Performance PRO level but
serves as a good example to illustrate what it might look like. All speakers and the subwoofer were
weighed and are presented as total weights for the two audio system levels. It can be seen that the
number of speakers is more than the double in the higher audio level compared with the lowest.

Table 2. Examples of two of the total four different audio system levels that SPA1 car models can be equipped
with.

Name Speaker types and the Subwoofer External amplifier Total weight of
number of speakers and
subwoofer per
car

Performance Tweeter: 2 x 25 mm No No 3.99 kg
Woofer: 4 x 165 mm
Total: 6 speakers

High Performance Tweeter: 4 x 25 mm Yes (1) Yes (1) 7.03 kg
Pro/Premium Mid and full range: 4 x 80
mm

Center (mid range): 1 x 80
mm

Center (tweeter): 1 x 50 mm
Woofer: 4 x 165 mm

Total: 14 speakers (+ 1
subwoofer)

Based on the number of SPA1 cars sold in Sweden from 2015 to 2022, and the two audio system
levels used as examples, the total number of speakers used in such cars can be estimated. These
basic calculations do not consider that cars might have been scrapped out since being sold and
therefore the numbers used here should be a bit higher than the actual. However, the oldest cars
would be XC90s sold in 2015 with an age of seven years in 2022. At such young age only a minor
share should have been scrapped out. According to sales statistics from Mobility Sweden a total
number of 275 572 cars of the models in focus were sold in Sweden from 2015 to 2022. The last
model year of the previous XC60 was 2017 and 2018 of that of the S/V60, which both were built on
the EUCD platform. Therefore, there is an overlap for these two models for 2017 and 2018 and the

3 Fordonsbestand och mobilitet (2020). https./mobilitysweden.se/statistik/bilismen-i-sverige/2019/fordonsbestand-och-
mobilitet. Accessed: June 2022 and May 2023.
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statistics do not make a division between the previous and current model versions. This means that

the number of cars used in the calculations most likely also include sales numbers for 2017 and 2018
of the previous models. This results in higher numbers than the actual for the SPA1 platform. By
excluding the sales numbers for the XC60 in 2017 and the S/V60 in 2018 this results in a total number
of 235 070 cars sold from 2015 to 2022. Based on the two audio system levels (as above) and the
total number of SPA1 cars sold an estimation of the total number of speakers and subwoofers

installed in the cars can be made. The results in Table 3 clearly show that in terms of speakers and

their weight there is a large difference between the low and high audio levels. The lowest number of

speakers would be a bit more than 1 410 420 pcs and with a total weight of almost 939 tonnes. In
reality, one can be sure that these numbers are higher since there are SPA1 XC60s and S/V60

produced in 2017 and 2018 which now are being excluded, as well as cars equipped with higher audio
system levels than Performance.

Table 3. The number of SPA1 cars sold from 2015 to 2022 and an estimation of the corresponding total number

and weight of speakers and subwoofers installed in the cars.

Total number of
SPA1 cars sold in
Sweden from 2015
to 2022

Number of cars

Performance (audio
system level -LOW)

High Performance
PRO (audio system
level — HIGH)

Average values

SPA1 cars sold (pcs)

275 572

Total number of
speakers and
subwoofers (pcs)

1653 432

4 133 580

2 893 506

Total weight of
speakers and
subwoofers (kg)

1100 083

1948 294

1524 189

XC60 in 2017 and
S/V60 in 2018) (pcs)

SPA1 cars sold (excl.

235070

Total number of
speakers and
subwoofers (pcs)

1410 420

3 526 050

2 468 235

Total weight of
speakers and

subwoofers (kg)

938 399

1661945

1300172

All the details about speakers and their fixations (number of screws) are included in the Appendix 1
and Error! Reference source not found. below shows the location of speakers in a Volvo car.
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Figure 3. Location of the speakers in Volvo XC90 model with Premium audio system
level (the picture comes from Volvo website:
https://www.media.volvocars.com/qlobal/en-gb/media/photos/149302/the-all-new-volvo-
xc90-audio )

6.1.2 Mapping of the circular system and value-chain with challenges and possibilities for speakers

The mapping was done in a form of an interactive workshop (based on the value chain canvas
methodology from Circulab https://circulab.com/) with all project partners and all the steps and results
are included the Appendix 2.

Circularity aims to transform linear value chains into circular loops where products, components and
materials are retained and kept in use. In pursuit of this goal, a workshop was conducted to analyze the
value chain of speakers. The participants established system boundaries to ensure a manageable
scope within the research project, allowing the group to focus on a specific challenge.

The system boundaries defined the distribution area as Sweden and the market as speakers obtained
from Volvo cars through the car disassembly business Ecris. Specifically, the workshop focused on
speakers from SPA1 cars (XC90, S90, V90, S60, V60, XC60) manufactured from 2015 to the present.
During the workshop's value chain analysis, eight stages in the life cycle of a speaker were examined:
design, raw materials, production, distribution, use, repair, take-back, and next use. For each phase,
the participants addressed questions from six areas of interest: users, market, technology, regulations,
resources, and norms. By leveraging their expertise, the workshop participants shed light on various
perspectives within each stage of the value chain, considering multiple areas of interest.

As a result, the project identified potential vulnerabilities to circular solutions for speakers while also
highlighting the opportunities that lie ahead:

1. User Perspective: From the user's standpoint, expectations exist for both car and home
technology. To align these expectations, design guidelines may need to go beyond
standardized fastenings and data transparency and encompass dimensions and aesthetics.
Users also demonstrate a willingness to participate in circularity by purchasing into i,
engaging with communities, and returning products to a circular value chain.
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2. Actors: One significant obstacle to circular components in cars is the secrecy and siloed
information for competitive advantage. Cooperation among competitors could benefit the
industry as a whole and reduce its environmental impact. This entails establishing standards
and designing for longevity and repairability. Additionally, a circular speaker market could
potentially eliminate some shipping during the production process.

3. Technology: Present-day speakers rely heavily on glue, which hampers their disassembly for
repair and material recycling. While reusing components is preferable to remanufacturing,
the challenge lies in addressing the glue during a speaker's end-of-life stage. Currently, the
project primarily focuses on reusing whole speakers due to the absence of alternative
methods. It is highly recommended to involve speaker manufacturers in finding alternatives
to permanent glue bonding to enhance circularity. Furthermore, the sound systems in
modern cars, besides the speakers, encompass advanced technologies such as amplifiers
and computers. Incorporating these connected technologies into a circular system alongside
the speakers would be advantageous.

4. Regulations: Upcoming regulations and laws pertaining to traceability will facilitate the
necessary markings on products for circularity. Speakers heavily rely on magnets, which, in
turn, depend on rare earth elements. Regulating the protection of these materials in the
future will likely result in decreased material inflow, necessitating the optimization of magnet
reuse in the speaker market.

5. Resources: Magnets play a critical role in speaker components, contributing significantly to
the environmental impact during a speaker's life cycle. Made from rare earth elements,
magnets require energy-intensive processes for mining and metal extraction, leading to
substantial CO2e emissions. Their weight also contributes to higher emissions during
transport. Exploring the potential replacement of magnets with electromagnets in speakers is
an interesting prospect, but for now, the project aims to prolong the use of magnets in
speakers as much as possible.

6. Norms: Shifting from a linear value chain to a circular one necessitates a mindset change
among those currently controlling the value chain. Producers and car manufacturers must
relinquish some control to empower other stakeholders crucial to establishing and
maintaining a circular value chain. This shift challenges the prevailing norms in the industry
and holds immense potential to serve as an example and inspiration for other components,
industries, and markets.

In summary, creating a circular speaker market that is both local and resilient requires user
participation, cross-industry solutions, standardized designs, and traceability while moving away from
competitive secrecy. However, to achieve true circularity, we recommend that suppliers and car
manufacturers concurrently explore ways to improve the end-of-life management of speakers that
cannot be reused as they are, aiming to minimize outflows and inflows in the value chain. To enhance
the circular value chain's efficiency in processing a large volume of speakers and reducing the number
of steps in a speaker's life cycle, a three-step concept has been formulated (see further in Work
Package 3). This concept encourages user and small business participation while urging Volvo Cars
and their suppliers to provide more information and share knowledge.

6.2 Work Package 2: Prerequisites, methodologies and processes for disassembly
and reuse

In Work Package 2 the following activities were carried out:
- Time analysis of disassembly tasks with an analysis of effective disassembly
- Functional test of speakers
- Investigation of potential added value effects during dismantling
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6.2.1. Time analysis of disassembly tasks

We performed a time analysis of dismantling five speakers including a subwoofer and an amplifier from
different locations in a car (Volvo XC90 model which is the same as Volvo XC60), see Appendix 3. The
analysis was based on video recordings of dismantling activities performed by an expert operator at
Jonkopings Bildemontering (in collaboration with our project partner Ecris).
The locations of the speakers were:

e Front - in the middle of the dashboard

e Passenger side door

e Rear side door

e Rear roof

e Trunk —side

o  Amplifier — under the passenger seat

The speaker types that were dismantled were: woofer, tweeter, mid- and full range, subwoofer and
amplifier.
The longest recorded time was to dismantle the subwoofer which is located in the side panel in the
trunk. The activity took about 80 seconds, however many parts of the car including the cover/panel had
been previously removed (not video recorded) so the activity to reach to the subwoofer before actually
dismantling it, would take some extra time.
The shortest recorded time was dismantling of speaker in the rear roof that took 17 seconds, however
this task is quite demanding from the ergonomics point of view since the operator has to reach on the
side of the roof without being able to see (blind operation) and trying to reach to the speaker took
relatively long time within this short task. Dismantling of the amplifier took 52 seconds.
The overall time to dismantle the 8 speakers from that car model was 258 seconds so around 4,5
minutes (without some operations like e.g. removal of a panel that had been removed prior to the
filming). If we add to that time to dismantle the amplifier the total time 310 seconds, i.e. a bit more than
5 minutes.
A few critical observed points from the time analysis:
e There is a big variation in the fixations/screws so the operator has to change the adapter
on the screwdriver quite frequently
e The dismantled/removed speakers are put inside the car so there will be more time
dedicated to a proper handling of the speakers
e Some of the working postures are quite critical (ergonomics risks), e.g. reaching to the
roof (arms above the head while holding a tool), forces while pulling cables, blind
operation (not being able to see the fixations/screws during dismantling work).

During the film/time analyses we identified possibilities to extract/dismantle other valuable components
from the car, such as electronics while dismantling speakers. However, the only opportunity we saw
would be a few cables, which would not bring too much valuable material.

6.2.2. Functional sound tests of speakers

Functional tests of speakers and a combination of speakers in different set ups in the audio system
including the amplifier from Transparent were performed in order to obtain the most optimal sound and
performance. The sound test results are included in the Appendix 4.

6.3 Work Package 3: Design perspectives and the journey towards circularity

In Work Package 3 the following activities were performed:
- ldentification of design criteria of speakers to enable reuse
- Scenarios of reuse loops leading to increased circularity
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6.3.1. Design criteria to enable increased reuse of speakers

In Work Package 3 we identified design criteria that are linked to Design for Disassembly principles that
would be important to take into consideration both from the perspective to reuse the speakers in the
new manufactured cars and in the audio applications outside of the car, and thus lead to an increased
circularity.

One important criterion would be a modular design of the speaker with the constituent components that
can easily be separated. And important aspect here would be the ways that components are joined
together, and unfortunately glue and adhesives which are great “sealant” to keep the components tight
and bonded, at the same time is problematic from the modularity aspect and difficult to separate parts
from each other and recycle.

Other criteria of Design for Disassembly are generally: fewer parts, standard solutions of all mounting
points/fixations, less mix of materials and more compatible materials — for the sake of recycling at the
very end of life of a product.

6.3.2. Scenarios of reuse loops to lead to increased circularity

As mentioned in Work Package 1, we made an analysis of a step-by-step introduction of a circular
market for the speakers, based on different levels/scenarios that are described below and presented in
Figure 4.

Level 1 presents a scenario that our project is a precursor of, where the a few speakers would be
reused by the experts in a one-off project. Here the target group would be enthusiasts, makers of sound
systems, “audio nerds”, etc. Regarding the design criteria needs of that target group, it would be quite
detailed documentation of the technical specifications of each speaker and amplifier. Regarding the
access to the components, they could be obtained via car dismantlers’/remanufacturers’ online stores.
Level 2 scenario would be an open loop scenario, with speakers being reused in a bigger scale but still
in a small serial production by small businesses, hobby electronics suppliers, etc. The needs of this
target group would be more detailed technical specifications for speakers, including mounting/fixation
and how the parts are connected. The availability of speakers could be through well-known existing
markets (user to user such as Marketplace, Blocket, etc.), or other places like hobby-store).

Level 3 scenario (circular loop) would be a circular system for mass production and car manufacturers,
where the speakers would be reused in the newly manufactured cars. The needs for this target group
would be an open-source documentation of technical specifications on speakers as well as an
improved standardization of mounting/fixation points. Open-source are industry-wide standards, other
actors can take over and contribute, there is transparency regarding technical information.

There would be a need to implement "design for disassembly" and repair on speakers for end-of-life
improvements (reuse of components e.g. magnets, material recycling) as well as to have a take back
system and closed loop for the speakers to be fed back into car manufacturing.
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Figure 4 Three Levels/Scenarios of reuse loops that lead to a circular speaker market.

6.4 Work Package 4: Concept design, prototyping and economic and climate
potential

6.4.1.  Prototype design

Work Package 4 focused on the physical work to construct a prototype of an audio application.

To come up with a prototype Transparent first did several tests using different speaker and woofer
setups together with their standard “E-box” (amplifier and power supply unit) which is used in the
Transparent Speaker. The setup that performed the best, and which was used to build the prototype,
contains two mid or full range speakers and a woofer shown in Figure 5. As seen in the picture to the
right, two woofers coming from the same car might look different and therefore also perform different
when it comes to creating sound. For example, the picture shows that the two woofers’ baskets and
magnet assemblies are not looking the same.
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Figure 5. The prototype that was built by Transparent.

After constructing the above prototype, there was a brainstorming session with project partners on
ideas how to make the prototype even further improved from the aesthetic aspects (see Appendix 5).
The final design is presented in Figure 6 below and in Appendix 6.

Figure 6. The final prototype improved aesthetically by Boid.
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6.4.2. Climate and economic potential

In this work package we have also performed simple calculations of climate and economic potential to
reuse the speakers.

Economic potential

On a theoretical level where one strictly looks at what types of speakers a car contains, a Volvo car
with a High Performance PRO audio system carries speakers enough to make two prototypes where
the limitation is set by the number of mid and full range speakers. The same goes for the lower audio
level called “High Performance” which also contains four mid and full range speakers and four
woofers. This audio level therefore also delivers enough speakers to be used to make two prototype
products. However, at the highest of the four levels, the Premium level, the speakers would be enough
for up to three prototypes. But for this purpose and simplicity, it is assumed that there is a maximum of
four mid and full range speakers per car equipped with this audio system level. With four mid and full
range speakers and one woofer per every pair of these there will be two spare woofers along with the
rest of the speakers and subwoofer present in the car and not used for a loudspeaker product like the
prototype. On the other hand, this means that six speakers should be removed from the car and all the
others can be left. This limits the time and labor to be spent per car for the removal of the speakers of
interest. In a High Performance PRO car there is one woofer in each of the four doors. This is also
where the mid and full range speakers are located. While woofers are mounted in the door carrier, mid
and full range speakers are mounted in the door panels. This means that all four door panels must be
removed to access the mid and full range speakers which at the same time reveals the woofers found
on the other side of the panels attached to the carriers. Even though only two of the woofers are
needed for the maximum of two prototypes it could potentially be beneficial to remove the remaining
two woofers as well and thereby strip the door from speakers. This is not something that can be
answered by the work in this project but perhaps a higher recycling rate of a door that is stripped of its
woofer could be achieved in comparison to one that is not. The same kind of thinking is also relevant
for the two woofers that instead of following with the doors can go into a separate waste stream that
contains electronic components. Generally, an increased sorting leads to increased recycling rates
and more qualitative secondary raw materials as output.

With an approximate number of 700 SPA1 cars handled by J6nkdpings Bildemontering (a
neighbouring car dismantler to Ecris and important collaboration partner, also having the same owner
company) every year, this can be seen as the main source of speakers to be reused within the
“system boundaries” of the project. These cars should be seen as “value” cars rather than “scrap” cars
and are of a young age still (the oldest from 2015/2016). Compared with a scrap car a value car has
components which there is a demand for as spare parts and can thus create a revenue when they are
sold. Assuming that 80 percent of the SPA1 value cars are either equipped with the High
Performance, High Performance PRO or Premium audio system levels this would give 560 cars
whose speakers can be used for making protype products. With enough speakers to make two
prototypes per car this would give a total of 1120 prototypes that all together reuse 3 360 speakers per
year.

The time needed to remove speakers from a SPA1 car has already been described in section 6.2.1.
Based on the time analysis that was performed for the removal of different speakers from their
different locations, this is a type of data that can give an indication on how much time is needed to
remove those speakers used in the prototype. Since the woofers are accessed by first removing the
door panels that contain the mid and full range speakers, the time needed to remove a woofer will be
much less than that of a mid or full range speaker. Since both types of speakers are of interest no
allocation of the time spent on removing the door panel is done between mid and full range speakers
and woofers. It should also be noted that the time analysis was only performed on one car with the
purpose to get a rough feeling. If one wants to have more accurate time measurements done more
cars have to be part of the time analysis. For this reason, the numbers presented here should be seen
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as an indication only. The time needed to remove four mid and full range speakers from the four doors
and two woofers from either the front or rear doors took around 220 seconds (i.e. 3 min 40 sec). This
means that it takes 110 seconds to remove the speakers used for one prototype. With an hourly rate
of 400 SEK/h this results in a labour cost of approximately 12 SEK. On top of this costs for all other
required activities such as further handling, packing and transport, diagnosis/functions tests and finally
manufacturing of the final product must be added. In order to get a feeling for what a potential
business case could look like these are costs which have to be taken into consideration.

Climate potential

Continuing to use the Transparent Speaker as a reference, its LCA and climate impact data show that
the product’'s components and materials come with a total carbon footprint of 81.69 kg CO2e. The
production of the three speakers together makes up 8.57 kg CO2e. As expected, the category of
‘Electronics’ consisting of the amplifier and power supply unit comes with the highest carbon footprint
equivalent to 45.75 kg CO2e. The weight of the Electronics is 0.3 kg whereas that of the two speakers
and the woofer is around 1.8 kg. This relationship clearly shows that to be able to achieve increased
climate benefits the amplifier should ideally be reused along with the speakers found in a car. To
reuse the external amplifier was therefore investigated at an early stage in the project. However,
through discussions with audio engineers at Volvo Cars the project partners learned that there are a
lot of programming, filters and other computational add-ons as part of the audio system. This makes it
difficult to use the amplifier as-is to power speakers outside the car as the head unit that steers the
amplifier in the car is now missing. But with reprogramming and relevant adjustments this is something
that potentially could be made possible. Nevertheless, it is a task that need to be further investigated
in a continuation project.

Climate benefits can be expected when two mid and full range speakers and one woofer from a car
are reused and replace the production of three similar products. However, to which degree is very
difficult to say. And it is not accurate to simply say that the reuse of a product or component will result
in an amount of CO2e emissions equivalent to that of the production of a new such product or
component is avoided or saved. This is since the activities which are needed to be able to reuse a
product or component also have a climate impact. But to get somewhat of a feeling for what amount of
greenhouse gas emissions that potentially could be avoided, the carbon footprint of the Transparent
Speaker can be used as an indication. By looking at it as a range of CO2e that potentially could be
avoided when reusing two mid and full range speakers and a woofer from a car there would be a
theoretical maximum of 8.57 kg COZ2e. It should also be mentioned that the magnets in the speakers
and woofer in the Transparent Speaker are ferrite magnets. If they would have been neodymium
magnets instead the carbon footprint can be expected to look different. There is also a wide range of
different factors that can affect the size of the carbon footprint. Therefore, it is always important to
know what data are used to make fair and relevant comparisons between products’ carbon footprints.

Based on the theoretical max of avoiding 8.57 kg CO2e per every prototype’s speaker setup, the
production of 1 120 prototypes will together result in 9 600 kg CO2e if the speakers replace the
production of primary speakers. To get a feeling for the size of this sum of avoided carbon footprint
this can be compared with the cradle-to-gate carbon footprints of the Volvo XC40 ICE (internal
combustion engine) and Volvo XC40 Recharge (battery electric vehicle) according to the results in the
LCA Volvo Cars has made for the car models. The cradle-to-gate carbon footprint of the ICE car is
16.1 ton CO2e and that of the Recharge 25.4 ton CO2e'4. Thus, the 9.6 ton CO2e of avoided GHG
emissions from the reuse of speakers is more than half of the carbon footprint for that of the ICE and a
bit more than a third of the Recharge. By also reusing the car amplifiers from 560 cars could
potentially lead to an additional 25 560 kg CO2e'® to be avoided.

4 Carbon footprint report Battery electric XC40 Recharge and the XC40 ICE (2020). volvo-cars-L CA-report-xc40.pdf
(volvocars.com). Accessed: June 2023.
5 Based on the carbon footprint of the “Electronics” in the Transparent Speaker of 45.75 kg CO2e.
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Concluding, the results achieved in the project meet the goals and objectives set initially in the project,
however we only touched roughly on the topic of a potential reuse of the speakers in the new
manufactured cars, without a thorough investigation. The primary focus was to investigate a potential to
reuse the speakers in audio applications outside of the car, and this goal is met.

FFI program goals

Regarding how the project deliverables meet the FFI global program goals and specifically the goals
of the Circularity sub-program, the project particularly links to the area 1: Design for circularity and
area 3. Climate-neutral, circular manufacturing and recycling. Both reuse and material recycling often
show great potential in terms of leading to a more efficient use of resources with reduced energy use
and climate emissions as a result. Compared to material recycling, reuse also provides functional and
often higher economic value preservation. Using a project idea like this to highlight the importance of
and show how already in the design phase of a car it is possible to work on bringing in more of a
circular perspective, is an example of how current working methods both can and need to adapt in
order to achieve change. An example can be a type of attachment/fixation that allows easy
disassembly and more modularly designed and constructed components. Reuse is also an area of
activity within the circular economy that can contribute to new business concepts and, for example,
constitute additions to either existing business models or lead to completely new ones.

The work towards more sustainability was done in our project through an efficient and tight partnership
and collaboration with key actors in the value chain, from car design and manufacturing, car
dismantling/remanufacturing, 2" life application (audio system) provider and R&D.

By mapping the possibilities, and practically demonstrating how the reuse of car speakers can be
realized in a business-oriented and industrial way, the project intended to clearly illustrate how more of
a car's components can be handled in a circular way in connection with the end of the life cycle. In
addition, bringing back important insights and lessons learned from the more practically oriented part of
the project, with the aim of bringing in more of a circular design and thus providing better conditions for
an increased circularity of a car already at the design stage, is something that can clearly contribute to
accelerate the implementation identified as necessary by the sub-program.

7 Spridning och publicering

7.1 Kunskaps- och resultatspridning

Hur har/planeras projektresultatet att Markera Kommentar
anvandas och spridas? med X

Oka kunskapen inom omradet X The plan is to disseminate our project results via
partners’ websites in order for a wide forum to learn
about possibilities to reuse the speakers/speakers
from the end-of-life cars: Transparent plans to
make a blog post on their website, Volvo Cars will
spread the results internally and link them to the
upcycling initiatives/collection as well as promote it
linked to the inauguration of World of Volvo meeting
area; furthermore Volvo Cars design team will
share the knowledge via social media — Instagram
design page “WedesignVolvo”. Ecris will spread the
information on their website as well as Chalmers
Industriteknik and Boid will make LinkedIn posts
and also the results will be available on their
websites.
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We have some initial thoughts about other potential
components from the end-of-life cars that could be
a base for future R&D applications

Foras vidare till andra avancerade X Volvo will most probably use the knowledge and

tekniska utvecklingsprojekt results in further development of circular solutions
on other car components in the future

Foras vidare till X Volvo will most probably use the knowledge and

produktutvecklingsprojekt results in further development of circular solutions
on other car components in the future

Introduceras pa marknaden X Transparent develops audio systems and a product

made from the reused car speakers is definitely
interesting since their vision is to be circular tech
brand

Anvandas i utredningar/regelverk/
tillstandsarenden/ politiska beslut

7.2 Publikationer

Our project was relatively short and until now we have not published project results, however it is
planned to spread them both internally at Volvo Cars, as well as on a future blog post on Transparent’s
website. A press release will be made about the finalizing of the project and it will be announced via
Mynewsdesk and LinkedIn, as well as home pages of all partners.

8 Slutsatser och fortsatt forskning

The main scope of the project was to investigate prerequisites and opportunities to reuse the speakers
in the audio systems outside of the car. The baseline was to focus on different car models from the
same SPA1 platform, i.e. Volvo cars produced since 2015. These cars contain 10-15
speakers/speakers of high quality and performance. Based on some research, we can see that the
modern cars, also from other brands, may contain 25-30 speakers. This trend, which is somewhat
contradictory to sustainability/circularity/using less resources strategies, will call for more actions to take
care of the valuable components and materials at the end of cars’ life in the future. By mapping the
possibilities, and practically demonstrating how the reuse of car speakers can be realized in a
business-oriented and industrial way, the project illustrated how more of a car's components can be
handled in a circular way in connection with the end of its life. The findings from the project include
important prerequisites to enable reuse of the speakers in different audio applications:

1. High engagement and efficient collaboration between key actors from the value chain: car
manufacturer - car dismantling/remanufacturing - audio system creator - design studio - circularity
experts

2. Access to the dismantled speakers (volumes) from the cars — here the key actors from car
dismantling/remanufacturing industry play a big role:

a. Dismantling the speakers and providing the needed volumes of the products will only be
possible if there are business opportunities in it, i.e. car dismantlers’ operations are
based on selling functional parts, so there has to be a demand for the car
speakers/speakers

b. Dismantling of all speakers from the cars will require extra time for car dismantlers (they
do not remove these components from the cars today), as we observed dismantling by
an expert operator took around 5 minutes for only 8 speakers and the amplifier

c. Linked to the point above - some suggestions to make the dismantling work easier and
faster concern implementation of Design for Disassembly at the car manufacturer
including potential improvements such as, e.g. standardization of the fixation/mounting
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points for all speakers, less components and materials to be removed before reaching to
the speakers, etc.
3. Climate benefits can be expected when two mid and full range speakers and one woofer from a
car are reused and replace the production of three similar products.
4. The more reuse cases/examples can be presented, the more valuable the speakers would
become and here our project shows a great potential.

We also discussed some initial ideas about reuse of the speakers in the new manufactured cars.

This would require a change of the mindset into the circular one at the design and car manufacturing,

including:

1. Open-source documentation of technical specifications on speakers

2. Standardization of mounting/fixation points for an easy disassembly, repairs, and reuse of the
speakers

3. Implement "design for disassembly" on speakers for end-of-life improvements including reuse of
the materials, magnets, other components of the speakers

4. Introduce a take back system that would feed parts back into car manufacturing.

The project gave also ideas for the further research to investigate other car components and a potential
to reuse them in the cars or in other applications, and this is something that our project partner Volvo
Cars will take further internally.

Concluding, creating a circular speaker market that is both local and resilient requires user
participation, cross-industry solutions, standardized designs, and traceability while moving away from
competitive secrecy. However, to achieve true circularity, it is recommended that suppliers and car

manufacturers concurrently explore ways to improve the end-of-life management of speakers that
cannot be reused as they are, aiming to minimize outflows and inflows in the value chain.

9 Deltagande parter och kontaktpersoner

There were five partners collaborating in the project.

Boid AB — contact person John Hayman and Katharina Merl

Ecris AB — Stefan Stalenbring

ECR(?S
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Transparent Sound AB — Martin Willers

TRANSPARENT

Volvo Cars AB — Tom Engblom, Lizete Druka

N

VOLVO

Stiftelsen Chalmers Industriteknik — Max Bekken Bjorkman, Karolina Kazmierczak

‘ ) CHALMERS
INDUSTRITEKNIK
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