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Preface 
This project was funded by Vinnova through the program ‘Ökad resurseffektivitet genom 
circular ekonomi. Etapp 2 Utvecklings- och innovationsprojekt´ and was conducted 
between November 2019 and December 2021. It engaged RISE Research Institutes of 
Sweden and Chalmers Industriteknik as the research partners with Nortical, as industrial 
partner. This report is intended for internal use only but does not contain sensitive 
information. Other communications of the project are listed in the appendix.  
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Summary 
Used electric vehicle (EV) batteries present a problem and an opportunity. On one hand, 
their chemistries make recycling challenging and not very lucrative. On the other hand, 
these used batteries represent storage capacity that could be utilized, perhaps in another 
application.  

Previous investigations revealed that uncertainty related to battery state-of-health and 
history is a hindrance to achieving second-use. Identifying a viable way to collect, analyze 
and transfer data was one suggested solution to mitigating this uncertainty. Blockchain 
technology was identified as a piece of a solution to achieving an appropriate level of data 
validation and security. With these interests, the project described here explores what data 
is needed and how data could be collected and processed to achieve EV batteries second 
life and even improved recycling and presents a concept for the same.  

The project was carried out by a consortium representing the major actors along the value 
chain who were interested in generating knowledge around potential future scenarios for 
development of a circular system that supports collection, reuse, and recycling of the EV 
batteries to prepare for management of the upcoming high volumes of batteries.  

This report draws on archival material, interviews, and workshops with experts and key 
stakeholders along the battery value chain, to discuss the existing ecosystem, 
opportunities, and barriers for development of circular business models for an extended 
EV battery value chain.  

Results match specific data/information needs and concerns by actors in the business 
ecosystem with a concept for data collection, processing and distribution that is based on 
a real solution offered by project partner Nortical. It is concluded that there are great 
values to be gained from such a solution and that it is technically and organizationally 
feasible for key actors in the system even without blockchain technology, which is deemed 
to be too costly for benefits gained. In addition, there are values for actors outside of the 
standard battery material chain. Achieving data collection and exchange will also require 
work related to contracts and agreements between parties about IP and contract issues.  
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Introduction 
The portion of EV batteries sold and in the global vehicle fleet is increasing with the market 
for battery cells projected to grow by 20% per year until 2030 (McKinsey 2022). Given the 
number of vehicles and batteries already manufactured, the manufacturing system for 
batteries and the vehicles themselves is relatively well developed. There is already large 
production capacity established by large incumbent and emerging mineral refiners, and 
vehicle, battery, and electronic manufacturers (Melin 2019; Muratori et al 2021).  

However, the volume of batteries that have reached later life stages is quite small and 
capabilities related to extended use, reuse and recycling are underdeveloped, especially 
outside of China (Melin 2019). Recycling infrastructure and technology is in development 
with incumbent actors in minerals and recycling already establishing some capabilities 
and facilities for battery recycling. In between these obvious parts of the battery value 
chain -- manufacturing, use and end-of-life treatment, recycling -- there are large gaps in 
the business ecosystem related to value preservation of the batteries. Most batteries reach 
obsolescence at 70-80% capacity. As volumes grow, these used batteries will represent a 
large stock of available energy storage and inherent value (Hua et al 2020). Despite the 
values and environmental benefits that second use of traction batteries could provide, 
widespread second use is not a sure outcome, especially considering the obvious scarcity 
of systemic reuse as standard practice in the automotive (or other) industry. 

While the established internal combustion engine vehicle (ICEV) business ecosystem has 
well-established practices to evaluate, repair, resell, mechanical parts from this drivetrain, 
the battery is a chemical technology and presents special challenges. As opposed to 
mechanical parts such as engines and gearboxes, diagnostics cannot rely on part 
measurement nor ocular and auditory (vibration) assessment. New processes and 
competences are needed for assessment and diagnostics. Information related to a battery 
can contribute to diagnostics and to quality control needed to preserve the (potential) 
value. 

In this study, we focus especially on information needed to reduce uncertainty related to 
used batteries and on data structuring in relation to actors in the ecosystem. As a part of 
this, we present a sketch of the business ecosystem and a concept and infrastructure for 
facilitating exchange of these data. 

Methods 
This project includes both research and innovation efforts. The research team aimed to 
create a greater understanding of the business ecosystem of traction batteries by gathering 
insights from actors in the business ecosystem. Context was added with a review of state-
of-the-art research and trends in the field. Nortical, on the other hand, focused on 
developing a solution for collecting, storing, and processing data for use in the business 
ecosystem with a consideration of potential customer needs. 
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Methods used in investigating the business ecosystem included: a review of the state-of-
the-art, interviews and workshops. The state-of-the-art review was focused on both 
academic material (literature) and activities by market actors. 

Semi-structured interviews were conducted with different stakeholders along the battery 
value chain. Different interview guides were prepared, depending on the roles and 
positions in the battery ecosystem, including questions regarding background and history 
of receiving electrical vehicles, status of handling/working with the EV batteries today, 
needs and wishes for verified and correct data about batteries and their performance, 
insurance and transportation topics, as well as insight into the future: ambitions with 
circular business models, opportunities and risks, and potential collaborations. The 
interviews lasted for one hour and were carried out on-line using Teams platform. In most 
of the cases two or more project partners participated in the interviews and took notes. 
The interviews were recorded in case the project partners missed some important 
information. The following table gives an overview of the data collection. 

Table 1. Battery ecosystem stakeholders participating in interviews or workshops  

No. Stakeholder types Interviewed actors 
1 Car manufacturer/OEM Volvo Cars 
2 Car dismantler Walters Bildelar AB 
3 Car dismantler  Eklunds Bildelslager 
4 Insurance company Länsförsäkringar 
5 Circular insurance Omocom 
6 Car service workshop Nissan 
7 Fire department Räddningstjänsten, Göteborg  
8 Taxi pod Bzzt 
9 Battery refurbishing/repurposing 

company 
Spiers New Technologies 

10 Public transit company Västtrafik 
11 Recycling company Ragn-sells 
12 Recycling company Akkuser 
13 Research Chalmers University of Technology 
14 Mining transport/vehicle concept 

Battery swapping 
Epiroc 

Furthermore, information was obtained from the actors from the battery refurbishing 
(Relectrify) and battery producer/recycler (Northvolt) from the earlier R&D projects lead 
by the current part of the research team. 

Workshops were used to allow for interaction between stakeholders. The first workshop 
took place at the project kick-off (June 2019) and focused mainly on starting to map the 
actors within the battery value chain and their preliminary needs when it comes to 
information on the batteries. 

The second event (Oct 2021) was a Circular SMEs (Small-Medium Enterprises) Around 
Europe Seminar focused on the future business ecosystem for second use of traction 
batteries. The research team hosted, presented, and led a discussion with representatives 
from Nortical and three other SMEs in the emerging second-use battery sector, Nowos, 
Voltfang and Cling Systems. In preparation for the event, the research team also gathered 
the representatives to learn more about their businesses and what challenges and 
opportunities they see on the market. 
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A final workshop (Dec 2021) was held to present final results and to get some feedback 
and insights into the current state of the traction battery business ecosystem. 

The state of the art 
Extended life of traction batteries, whether in same or other application is known to 
represent a great potential in both environmental and economic terms (Richa et al 2017). 
The battery value chain is well on its way to being developed with both large incumbent 
actors and smaller emerging companies represented (Figure 1). In addition, many 
established recycling actors are adjusting their businesses, facilities and capabilities for 
future volumes and are focused on both pyrometallurgical and hydrometallurgical 
processing. It is apparent however that a fully functional business ecosystem that includes 
activities associated with resource effectiveness (alt. circularity) like repair, 
refurbishment, repurposing, and resale is underdeveloped. Many vehicle OEMs have 
conducted (or are conducting) pilot projects for reuse and repurposing and a number of 
new (often smaller) actors are attempting to provide specific solutions. A few of these – 
Nortical (data analytics), Voltgang (refurbish), Nowos (End-of-life systems) ClingSystems 
(remarketing) – were featured in the Circular SMEs around Europe Webinar in which we 
talked about what competences are needed for a fully functioning and sustainable business 
ecosystem for traction batteries. 

 
Figure 1: A portrayal of the current battery value chain with emblems of a few example firms 
representing large, incumbent actors and one emerging actor (Northvolt). 

With the growing numbers of electrical vehicles in the markets, there is a need to have a 
sustainable model/ecosystem with EV battery manufacturing and handling of the end-of-
life batteries. There is a need/requirement for interaction and collaboration between 
different actors within the value chain, including consumers, and automotive and battery 
manufacturers. Recycling activities will have to be coordinated across widely distributed 
geographic regions, over timespans involving many years given the anticipated lifespans 
of batteries. There are already some solutions existing to support recycling of EV batteries, 
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and according to (Melin 2019) around 97,000 tons of EV (Li-ion) batteries were recycled 
in 2019 – mostly in China and South Korea. 

There is also a need to establish efficient and safe ways to recover batteries once they reach 
the end of their life. The issue of recovery likely requires digital tools to identify and locate 
batteries when they reach end-of-life, as well as practical solutions for collection and 
storage of batteries prior to recycling, and transport to recycling stations (Maharajan et al 
2019). This part of the process is still in early stages of development. 

An article by Albertsen, et al. (2021) presents an extensive review of different Circular 
Business Models (CBMs) at vehicle OEMs. The study shows that most of the focus of OEMs 
is on repair, refurbishing and repurposing.  

All CBMs were found to require close collaboration between different stakeholders within 
value chain to build trust and reduce uncertainties. While recycling technologies are 
developing fast, there is still a bit slower development regarding refurbishing and 
repurposing, i.e., extending battery lifetime. Some of the OEMs like Nissan or Ford 
outsource refurbishing activities to Spiers New Technologies. Few full-scale repurposing 
CBMs exist amongst automotive OEMs and most projects are still in the piloting and 
experimentation phase. More mature initiatives include Volkswagen’s mobile charging 
stations (Drive Booster) and collaborations between automotive OEMs such as Renault or 
Nissan with companies such as Connected Energy and Eaton. A general difference was 
found between those who have access to the information on historical use from the battery 
management system (BMS) (e.g., Daimler, Volkswagen); BMS enables prediction of the 
expected remaining lifetime of the battery. 

The main findings are that Design for Disassembly and efficient diagnostics through the 
BMS are key enablers for any CBM, especially those that enable extended life. These relate 
to external technological factors as well as the knowledge and expertise within the 
organization as internal issues. Transportation and logistics were identified as a cost 
driver for all CBMs, including repair if it was organized centrally and not at the dealers. 

Although integration of battery production was found to be a driver for CBMs, it is not 
always necessary, as Renault’s case shows – Renault has a battery leasing strategy which 
clearly defines the ownership of the battery and ensures return. More importantly, the 
knowledge that can be delivered by diagnostics systems, and clear interactions with the 
BMS, have been identified as internal factors enabling activities for “slowing the loop”. 

Achieving a functioning circular business ecosystem in which material and product value 
is preserved with invariably demand great changes and learning amongst actors in the 
system. The previous study had identified cognitive, organizational, and technological 
barriers to achieving second life for traction batteries (Olsson et al 2019). Not surprisingly, 
a number of barriers had to do with aspects of change in complex system; actors 
responding to new technology and the megatrend of electrification and speculating on 
their potential role in a business ecosystem that is not yet developed. Nonetheless, one key 
learning was that there was naturally great uncertainty related to the potential value of 
batteries after their first use. It was suggested that having the right data about battery 
fleets and individual cells would reduce uncertainty and facilitate second use, something 
echoed by Bonsu (2020).  
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State of health (SOH) and remaining useful life (RUL) are of particular interest but other 
aspects that may help determine total cost and benefit of repurposing as well as safety 
aspects are also valuable (Zhang et al 2018). Developing data collection handling 
capabilities and protocols is naturally one aspect that must be addressed. While 
diagnostics of individual battery packs can provide these data, it is suggested that battery 
health can be best determined by analyzing multiple sources. Security and validation of 
data is an aspect that could be addressed with blockchain technology (Jin et al 2021). 
Battery management systems do not generally have the functionality to provide needed 
data but could be designed to meet this need (Monhof et al 2015).  

The elaboration of business models tailored to extended/second-use of EV batteries (not 
just the initial delivery of new batteries) has also been identified as a needed development 
(Bonsu 2020). Based on five case investigations of actors in the EV battery second-use 
value chain, Reinhardt et al 2021 provides a list of sustainable business model archetypes. 
While the results themselves contain no surprises – they are directly related to previous 
sustainable business model archetype literature (e.g. Bocken et al 2014) – a common 
finding from the cases is a documented need for new partnerships and innovation with 
other actors in the value chain. This can involve a battery and vehicle manufacturers 
acquiring a subsidiary or working with companies focused on battery second-use/ 
repurposing (Albertsen et al 2021).  

In the end, systemic second-use of EV batteries shows promise but faces great challenges. 
Spent batteries have shown to represent only about half of the costs related to 
refurbishment of batteries with labor, packaging, warranty, and insurance representing 
other costs (Martinez-Laserna et al 2018). Also, the price of new battery cells in 
continually decreasing, meaning that the second-use part of the business ecosystem faces 
tough competition. Design of supply chain, logistics and decision guidelines for key 
processes like disassembling hardware have to be well-designed to compete with new 
production (Maharajan et al 2019). Well-functioning solutions for data collection and 
processing is one critical facilitator to making systemic second-use viable (Jin et al 2021). 

 

Results 
Results are presented in two sections: the business ecosystem and a suggested data-
focused solution for value creation. 

The business ecosystem  
Ecosystem mapping includes the following actors in the battery value chain as well as 
information/data flows that would be needed to share from their perspectives (Figure 2). 
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Figure 2: Portraying a future business ecosystem with second-use examples of incumbent and 
emerging firms, battery material flows (blue), potential information/data flows (red) needed for value 
preservation of batteries and value creation related to data. 

1. Battery cell manufacturers 

These actors have not been directly interviewed in this project, however from the 
earlier projects the feedback was that battery cell manufacturers would need 
information about the origin of all materials, exact content, and chemical specification. 
Information that could be shared with others would include the exact content, accurate 
purity, and also chemical specification. 

2. Battery pack manufacturers 

Battery pack manufacturers would need similar information as the battery cell 
manufacturers regarding the origin of materials, chemical specification, and 
specification on the capacity.  

Regarding the information to be shared with the other actors along the value chain, 
the cell and modules design/construction would be valuable to share, also specification 
about life span for the 1st life (OEMs specify the requirements for the 1st life based on 
performance tests), CO2 investments required in battery production, capacity of cells 
and modules, and all basic specifications.  

 
3. Vehicle OEMs  

OEMs have a producer responsibility over batteries. The information that OEMs would 
be interested in is data stored in BMS, CO2 investments required in battery 
production, etc. 

Information that others along the value chain expressed as needed from OEMs is a 
capacity of both cells and modules, specification for life span for the 1st life of batteries 
- specification of desired performance (range, legal requirements, crash requirements, 
etc.). 

4. Vehicle 1st owner (both private and company) 

The first owner of the vehicle would be interested in details on battery performance; 
range, number of cycles, charging needs, and source of material (social concerns, labor, 
environmental aspects).  
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Information to be shared with others concerns battery health status (monitoring how 
the battery has been used). Due to GDPR requirements, data should be connected to 
the battery pack rather than an individual person.  

Regarding management of the car fleet, generally there should be a holistic battery 
residual value plan in place; it could be done by a subscription model similar to the 
existing leasing car models today. Data should be aggregated on individual cars for the 
fleet management as well as the battery data could be connected with other 
components. All these solutions based on maximizing the value of data could be 
organized either by the OEM or by a third party.  

Based on the input from a pod taxi company that manages a fleet of one brand EVs, it 
would be valuable to receive information about battery health status (not only 
information about the range and chemistry of the batteries).  The battery state of 
charge can be seen but they would like to have it real-time to back-end system. That 
real-time information would help to optimize the operations, charge batteries, plan 
which vehicle to use where and to keep track of overall battery health status. 

 
5. Fire department 

The fire department is the first actor present at an accident place. Input from the fire 
department about information that would be valuable to obtain concerned mainly 
more details regarding the battery chemistry and charge level. Today the only 
information available in a database via searching the license plate is what kind of 
vehicle it is (EV, diesel, gasoline, etc.). Internet-of-things (IoT) solutions to monitor 
condition of the batteries would enable prediction of e.g. if there is any risk of fire, how 
the fire is going to develop. Another valuable information would be to know whether 
the battery pack has been in another application before (through the license plate or 
QR codes). Regarding cars parked in parking lot garages, the charge level and battery 
status would also be valuable information.  

Regarding the information to be shared, there should be a clear responsibility split 
between the fire department and towing companies towing cars from the accident 
places and based on the responsibility details on the car and battery would be shared. 

6. Public transportation 
 

The public transportation segment with a major focus on electric buses is a very 
complex segment. Often the owners of the buses are operators to a company that is 
responsible for the public transport system. The public transport company has the 
need to understand the performance of the electric buses and their batteries when it 
comes to range and charging time. This over time, and with a range of different types 
buses with different types of batteries on different types of routes. Today, the only 
information available is the one from the bus specification sheets. There is very little 
understanding of which bus should be used on what route to ensure a maximum time 
of battery usage. There is also a very low understanding of when the bus will need to 
have new batteries and what possibilities there are for the used batteries. 

Another challenge that public transportations stand to face is the major investment 
cost that electric transportation means and the charging infrastructure that buses 
require. The battery data that a bus produces is key to understanding battery 
degradation, and to be able to build better batteries in the future. Real-life battery data 
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is an important building block and has great value to the rest of the value chain. With 
more knowledge of how batteries are really used, better batteries can be developed, 
together with developing better more efficient business forms like leasing agreements 
based on battery degradation impact. 

  
An additional challenge that the public transportation segment faces is the need to 
build and install electric charging infrastructure. The design of this infrastructure will 
very much depend on the performance of the electric vehicles together will the 
availability of the local electric grid. Data from the EV battery usage can also be used 
to optimize and design an efficient strategy around charging and rout optimization.  

7. Car dismantling 

Car dismantling companies buy insured crashed cars to take care of the end-of-life 
operations and dismantle parts and components for resale. The interviewed car 
dismantlers expressed the need of information on specification of the content of the 
battery pack and health status of the battery. Guidelines for handling the battery 
(based on design and construction) would be valuable especially in the case of crashed 
cars; in these cases, a diagnostic system is recommended, possibly measurements of 
the temperature and connection to BMS. Value of the batteries as well as their health 
status are often mentioned points both in terms of incoming batteries and sharing 
information further. 

8. Insurance company  

The representative from the insurance company (coverage of 30% of market, however 
not insuring brand new cars) expressed the need to know the remaining capacity of the 
battery after the vehicle damage as well as information about a potential battery 
damage. That health status would be provided by the car workshops. The value of an 
electrical vehicle is higher than a normal car, so more money can be spent on repair. 
Currently the workshops do not dismantle and handle the batteries; a common 
practice is to send the car (with the battery) to car dismantling facilities. 

9. Car service/workshop 

The interviewed representative from technical support to car dealers mentioned a need 
to have more information on battery cells to improve the diagnostics process during 
customer claim handling. Today diagnostics is done at the module level, i.e., the whole 
module is replaced instead of checking and replacing problematic cells. That is also 
due to the new designs, having constraints to reach individual cells and thus the repair 
of the latest battery packs may become more expensive. Today there are different 
certification systems present to work on the EV batteries and due to new designs and 
car models, renewed certifications might be needed in the future. 

Regarding the information to be shared with other stakeholders, there is a need to 
provide more information on how the battery should be used to improve their lifetime.  

10. Repurpose/refurbishing company 

The interviewed company Spiers New Technologies (SNT) offers “one stop" solution 
for battery life cycle management for the OEMs. The company provides full-service 
"4R" services (repair, remanufacturing, refurbishing and repurposing) for advanced 
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battery packs used in hybrid and electric vehicles. SNT's 4R services allow vehicle 
OEMs to optimize the life cycle management of their battery pack inventory and 
maximize its value. STN services include quality and safety check of the batteries 
removed from the original vehicle, logistics management including monitoring, 
storage, dealer network management, preparation for end-of-life recycling, repair and 
refurbishment (battery packs to be re-installed in the vehicles) and remanufacturing 
of the battery packs and modules to be installed in other applications. 

According to the person interviewed from SNT, the most important information is 
about battery capacity and internal resistance. The priority is always to perform 
capacity checks that will help to estimate the battery health and decide on further 
actions: to refurbish, repurpose or recycle battery/modules. The other valuable 
information is manufacturing date, internal resistance, where and how the batteries 
were used (climate, geographical locations, etc.) in order to be able to take decisions 
about combining different cells and modules if needed. 

 
11. Recycling company 

For the recycling company it is important to know about any possible damage of the 
battery so that it is handled in a safe manner. 

Furthermore, any kind of marking (QR code or similar) on the battery pack about the 
metal content would be valuable. Also, data about how the battery pack has been 
designed, so that an efficient dismantling can be done to separate the different 
components within the battery pack. 
 
12. Potential user of second-use EV batteries:  

The most basic demand of those receiving second-use EV batteries is that the batteries 
will function for the application in which they are to be placed. Some users will merely 
want reassurances in the form of guarantees whereas others will demand more 
information about battery health, state of charge and use history.  

Summary 

The findings from the ecosystem mapping generally show the need to have more 
information shared on the EV batteries mainly regarding the battery health status, details 
about design/construction, specification about the chemical content. The actors handling 
the batteries that might have been damaged (in accidents, etc.) need information about 
the battery condition and status. A diagnostic system (BMS related) would be valuable for 
these actors who handle damaged cars: fire department, car workshops, car dismantlers, 
recycling companies. Diagnostics at the cell level seem more valuable rather than at the 
module level. 

Based on the interviews, it seems that the future value chains of EV batteries may look 
different than today. Recycling technologies continuously develop, are becoming cleaner, 
more efficient, and material recovery that will be provided back to the battery 
manufacturers might become of highest priority. At the same time, there might be a need 
to distribute collection points taking care of pre-treatment, dismantling and preparation 
for recycling. Whether this is going to be managed by the OEMs or recycling companies is 
to be seen; one trend that is observed that the battery recycling companies are going more 
into the direction of having contracts with OEMs to take care of their batteries. In the end, 
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some actors just want batteries that they can rely on, and others want to be able sell them 
for a good price. Data, raw and processed, could provide the preconditions for these 
outcomes, with or without warranties.  

 

Innovating a data-focused solution 
This section starts with a description of the Nortical solution and then describes two cases 
in which it can be utilized. 

The Nortical Solution 
Nortical is founded around the mission to create a battery knowledge house based on 
battery knowledge, data distribution and analysis. The goal of Nortical is to support and 
create a transparent and circular value chain by building data gathering and distribution 
solutions so that batteries can be used in a more efficient and sustainable way.  
 
During the execution of this project, Nortical has continuously been developing an 
innovative cloud-based data gathering and distribution system. The cloud-based 
architecture is built specifically to store, organize, and analyze vast amounts of battery 
data.  
 
The Data Journey: In the cloud solution developed by Nortical, data that describes how 
batteries are being produced and used in different applications is being gathered by a data 
pipeline. Different types of data produced by censors in the battery pack and initially 
harvested by the BMS is being transported, initially internally in the device, sometimes 
temporarily stored locally on the device and the shipped to a database or directly to the 
pipeline. The data measured is usually physical data, i e temperature, voltage, and current 
that in the battery pack, preferably on cell level. Other meta data gathered include cell 
identification numbers and predefined values like depth of discharge windows and 
charging limitations. These data are produced by the device owner and are typically the 
property of the device owner or the device manufacturer. Often, it's crucial that this data 
is not shared to a third party without specific permission. Other design aspects are that 
data transfer has a significant cost, therefore the amount of data that is transferred is kept 
to a minimum. The data can be transferred in batches or in a stream flow, depending on 
the needs of the function/deliverables.  
 
Before data storage in the cloud database, the data needs to be organized and filtered. 
Often different data producers have different ways of organizing and identifying data. For 
the data to be analyzed, the produced data needs to be translated and organized into a 
predefined setting so that the data can be utilized in a cost-effective manner. Fault 
detection and safety measures need also to be in place, so that data can be temporarily 
saved to ensure that no data is lost in the translation process. This function needs to work 
both for a streaming process and batch a process.  
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Figure 3: The Nortical Cloud solution is constructed around five main functionalities to process, 
analyze and deliver insights if monitored batteries.  
 
1. Data Gathering - Battery data gathering directly from a device or via a partner's 
backend. Possibility to gather live data (“streaming”) and batch data upon predefined 
events. Data flows developed specifically for gathering big numbers of individual battery 
cell data over a long time. 
 
2. Data Translation - Sorting, and organizing, and preparing data for ingestion. 
Adjusting and buffering data while preparing for storage. Allowing for specific 
predefined data streaming.  
 
3. Data Storage - Store organized and structured data, ready to be used by analytical 
methods. 
 
4. Data Analytics - Analytical methods and algorithms used on the stored data to find 
insights. The analytical tools can be a lab environment for specific analysis and r&d 
activity. Or scheduled predefined analysis done in by batch processing.  
 
5. Data delivery - Packaging and preparation of data for delivery to partner API. 
Possibility to deliver insights to third-party partners with the permission of the data 
producer/owner. 
 
Prerequisites: The produced data can never be accessed by other partners. Only insights 
can be delivered to third party partners after specific permission from the data producer. 
The architecture is designed so that data storage, transfer and analysis is kept to a 
minimum in order to lower cost.  

Two cases 
The battery value chain shows to be a highly complex and opaque value chain with many 
different actors depending on different types of battery knowledge to be able to perform 
their own business in an efficient way. The value chain is still very much in a development 
phase as more and more batteries are currently starting to be used. Below follows two 
different cases, describing needs that different types of actors have in the circular battery 
value chain and how the Nortical solution provide those needs.  
 
Case 1: Micromobility service provider 
This type of actor is usually focused on providing transport solutions to people and 
packages within the last mile range and in suburban areas of big cities. These companies 
usually operate fleets of electric vehicles consisting of different types of scoters, mopeds 
and bikes. Often the micromobility actor is a fleet operator and purchases different types 
of vehicles from a manufacturer and has limited technical battery knowledge. The actor 
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has a business focus on mobility solutions and is reliant on the performance specification 
delivered by the vehicle supplier.  
 
Needs: These types of vehicles, however, have a relatively simplistic electric powertrain 
relative to electric cars and their performance is much more sensitive to external 
conditions like temperature, slopes and weight of the driver. The actual range of the 
vehicles varies depending on usage conditions and significantly over time, making it 
complicated to calculate properties like vehicle range, route optimization, remaining 
lifetime of the vehicle and total cost of ownership. Additionally, each battery cell 
performance degrades in a strict individual manner making each vehicle degrade in an 
individual manner, even if the outside conditions are similar.  
 
By gathering and analyzing the usage data of how the batteries have been used, some of 
these actors have been able to gain some insights regarding the technical degradation of 
their batteries. However, these companies have little understanding of the long-term 
effects of their usage on the batteries.  
 
Another challenge exists in determining when the batteries can be transferred to a second 
life application rather than being recycled as they are today. This would mean 
transforming the cost that they have for recycling to additional revenue. Challenges like 
can be abated by gathering the right information of how batteries are being used and 
conducting diagnostics to generate actionable analysis. With such analysis, users will be 
able to optimize their usage and have a more sustainable usage of their batteries while at 
the same time maintain focus on their core business. 
  
As an example, Nortical’s solution provides access to historical information of the battery, 
from companies in the value chain including information about: materials in the batteries, 
how the batteries were produced, and the invested environmental resources that went into 
the production of the batteries. An entity like Nortical can also analyze with the battery 
specific data that the micro-mobility companies produce and make sure that the batteries 
are used in a more efficient manner. Creating custom specific charging patterns and 
predictions of future state of health degradation of the batteries. Nortical can calculate 
when in time the batteries will be eligible for a second life application and at what 
performance status the batteries will have by then. By acting as a third part validator, 
Nortical will assist in closing the loop and creating a circular value chain for the batteries, 
by finding a suitable second life application for the batteries and validating the status of 
the batteries and their performance.  
 
What the solution provides: The battery data that a micromobility actor will 
contribute to the rest of the value chain is key to enable a more efficient and circular value 
chain. If the data is shared to battery manufacturers, more efficient batteries can be 
developed specifically for the micromobility utilization. The batteries could be customized 
to perform better given the specific usage patterns that micromobility has, rather than 
today's batteries that many times are power optimized and designed for the car industry. 
The data can also be shared to universities and research institutes to support in the 
development of new novel battery chemistries.  
 
On the other side of the value chain, the data can be used to validate and understand the 
wear and tear of the batteries, if and when they are applicable for a second life usage. The 
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goal here would be to avoid premature recycling which is a common outcome and instead 
keep batteries in use longer making sure that the resources invested in the manufacturing 
of the batteries are utilized in a more efficient and sustainable manner. For a second life 
application to happen, the true status of the batteries needs to be known; a company that 
wants to repurpose the batteries need to have information of the batteries’ technical status 
and a completely new business case needs to be built around the batteries. The commodity 
of repurposing and logistic solutions of used batteries is a commodity that does not really 
exist currently, due to the lack of data availability.  
 
Case 2: Potential second use in the Energy Sector 
With the general introduction of Lithium-ion batteries as energy storage systems in the 
transport sector, more and more attention has been put into understanding what 
implications and possibilities Li-ion batteries can do in the energy sector. Previous energy 
storage solutions such as pumped hydro, compressed air or lead-acid batteries have had 
relatively low efficiencies and high discharge times. With the introduction of Li-ion 
batteries, a new possibility is introduced due to its competitive energy density, fast 
discharge possibility, low maintenance and ease of installation. Now, energy storage 
systems can be built locally at micro and normal electricity producers and Li-ion batteries 
can act as frequency regulators in the grid systems due to their fast discharge time. 
Another positive property of using Li-ion batteries together with renewable energy 
production is that they both operate in direct current (DC), minimizing energy loss when 
transforming from DC to alternating current (AC). 
 
Optimally, EV batteries should be used more frequently as energy storage systems to 
flatten demand peaks, both locally and in the bigger perspective, and to support the 
infrastructure as loads increase with electric vehicle usage. This by storing energy when 
there is a surplus of energy and then delivering energy to the grid when there is a high 
energy demand.  
The great charge/discharge speed of EV batteries, together with their high energy density 
makes them great assets to the energy system but for a few reasons, primarily their high-
cost, has limited LIB use in energy storage installations. Calculating return of investment 
has shown to be challenging as LIB has a complex and individual ageing process. The 
performance degradation of LIB and ultimately when batteries reach their end of life is 
very hard to predict due to the dependency of many factors such as production parameters, 
usage temperature and charge patterns to name a few. 
 
The optimal way forward would be to utilize second-life batteries for energy storage 
systems in the electric system. This would be beneficial for several reasons: 

● Assure optimal usage of all the resources invested into the production of batteries, 
by not discarding the LIB prematurely. 

● Not investing new resources in production of LIB to the same extent 
 
The needs: The main reason second-life batteries are not used today in grid energy 
storage systems is the LIB´s have no history of how they have been used in their first life. 
This makes it time-consuming, expensive and risky when purchased for a second life 
application, as the purchaser cannot be sure of the performance and remaining life in the 
battery. Without having a complete track record of how EV batteries have been used and 
under what conditions they have been handled, it is very hard to make any kind of 
assumptions as to what performance can be expected of the LIB. An option is to do lab 
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tests on the LIB, but that requires an extensive test process that takes a very long-time ads 
cost. 
 
To have a well-functioning first to second life market for batteries in the future, there has 
to be a solution for battery usage data sharing. This solution should be able to verify the 
status, value and expected future performance of the battery, so that the purchaser knows 
the status of the batteries that he purchases. A solution like this would very much enable 
energy storage built on second-life batteries, by adding trust, transparency, and 
sustainability to the value chain.  
 
What the solution provides: By gathering data from how batteries are being used in 
second life applications in the energy sector, there is a great value to add several other 
actors to the value chain. The greatest short-term value comes in the more practical sense, 
where inspection and insurance companies are interested in accessing data to assess risk 
and status of the battery. By analyzing the data, anomalies can be found, that would enable 
predictive maintenance and ensuring that the energy customer can plan for an effective 
production. 
 
The main gain for the second life market of batteries would be the assurance that LIB´s 
are used to their full capacity before they are sent for recycling. Optimally the data 
gathering system also track what materials the battery has been created with, under what 
circumstances it was produced and how much transportation and calendar ageing of the 
battery has been done prior to the implementation in the first life. Additionally, the usage 
data can be shared with first life applications, to find suitable batteries for second life 
applications. This will enable first life users to predict when their batteries are suitable for 
a specific second life application and then be able to plan for an optimal transition.  
	

Analysis/discussion  
Key lessons learned can be categorized as related to (1) data needs in the business 
ecosystem, (2) the data pipeline and its rules, (3) competences needed in the business 
ecosystem, and (4) comparing open and closed-loop systems. Ideas for future research 
have also been identified.  

Data needs 
Actors along the value chain of traction batteries provided a long list of data points that 
can be considered valuable (figure). In the end however, their needs boil down to a few 
key data/information points: (1) material origin and content; (2) battery health and 
history; and (3) battery handling requirements and market value. Motivations vary but 
could be classified as legal/due diligence, value/function, and safety. Data relevant to 
legal/due diligence matters include material origin and battery handling requirements. 
Material content as well as battery health and history and market value represent 
value/function motivation. Finally, interest in content and battery handling requirements 
also originate in motivations related to safety.  
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Figure 4: Stakeholders within the battery value chain and desired information on the batteries 

Achieving the data pipeline 
Many actors value battery data, there are also motivations for actors that have data to not 
share them. While some have expressed willingness to share data for purposes of research 
and development, those with some ownership of design or production stages related to 
battery technology are motivated by intellectual property reasons and their ability to 
retain competitive advantage. These risks could be potentially allayed with certain data 
handling protocols and/or monetizing the data, which would essentially compensate the 
original owner for the resources (and risk) needed to deliver the data.  

In addition, the data related to battery condition/quality is not enough to maximize the 
value of the cells. Communication protocols for the batteries are also needed. Learnings 
from this study provide the following sketch of the required exchange of material and data 
(Figure 5). A scheme for diagnostics and data transfer are needed (as was the focus of this 
study) but transfer of material (the batteries) and communication protocol are also 
needed.  

	
Figure 5: A sketch of a set-up for batteries to second-use with three key flows, material (batteries), 
data (raw and analyzed) and communication protocol needed to maximize battery function. 
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Rules for the data transfer and diagnostics part of this system can be described as a 
production system for data with basic system rules: 

1) Inputs can be raw or processed data 
2) Data can be stored 
3) Virtual machines do work including translation between protocols and analysis. 
4) Data is handled/analyzed separately or together with other data sets. 
5) Outputs include raw data and/or processed data. 
6) Inputs and outputs can be monetized.  
7) Data can be sanitized/ remain anonymous. 

A system following these rules can be used to take otherwise unused data to produce 
valuable data packages that also increase the value of batteries. Importantly, data and data 
analyses can be aggregated, for example to achieve other learnings about the system 
without violating actors’ demands of data sensitivity. In the end, data owners can get more 
out of the data they have. With anonymity, owners can generate revenue from data that 
seems to have no direct value for them, beyond the risk (negative value) associated with 
the data being compromised.  

With current practices (and capabilities), OEMs (for example) may put resources into 
solely protecting data from others, this while not getting any value themselves. With a data 
solution like the one described, the OEM can gain value via understanding of their assets 
AND they can potentially make revenue on data packages distributed to others in the 
business ecosystem. Hopefully, this means added value in the ecosystem and reductions 
in environmental impact at the system level. 

Competences for the battery business ecosystem 
Beyond these motivations, the assessment suggests unsurprisingly given the small size of 
current fused battery volumes that there are many roles and competences that have to be 
taken or developed in order for the business ecosystem to be complete. The roles and 
competences would be needed for both offering an efficient physical product handling and 
information/data sharing and distribution. 

There might be a need of having distributed collection points of the batteries taking care 
of pre-treatment, dismantling and preparation for recycling. Currently, this is done by car 
dismantlers who can actually sell the batteries. Whether this is going to be managed by 
the OEMs or recycling companies is to be seen; one trend that is observed that the battery 
recycling companies are going more into the direction of having contracts with OEMs to 
take care of their batteries. 

Some batteries may need remanufacturing or refurbishing/repair in order to extend their 
life, therefore there is a need of more competencies to provide these services. Companies 
that offer these services, e.g., Nowos (Netherlands, France) have OEM as a customer, they 
repair the batteries, and the producer sells them after repair. Voltfang (Germany) is 
another such actor. 

There are emerging companies that aim to provide a marketplace for used batteries or to 
act as used battery brokers. Cling Systems in Sweden is one such actor and is developing 
an intelligent collection and trading platform that connects the battery ecosystem to 
ensure batteries are used and recycled optimally. 
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When it comes to the battery diagnostics and data collecting/handling, Nortical case is 
already described in this report, however more actors with the competences to provide 
data analytics services verifying qualities of used batteries may emerge in the future. 

Other competences and functions that are needed in the system to both allow hardware 
and software are insurers, financing, and packing and transportation entities. Transfer of 
data and communication protocols for batteries will naturally require legal competences. 
While these competences exist generically and for other products and services, they are 
arguably not yet developed for the battery business ecosystem. For example, transporting 
used batteries requires particular caution and while there are regulations in place, packing 
and logistics entities are still figuring out acceptable approaches.  

Open-market vs closed-loop system  
Second-life batteries can be handled in different supply chain set-up. One of the emerging 
discussions through interviews and workshops has been around alternative set-ups for 
collection and handling of second life batteries. Batteries that reach end-of-life in their 
first application, for instance in an electric vehicle, can be taken back for remanufacturing 
and reuse in a less demanding application in closed-loop supply chain, organized by 
OEMs. Closed-loop systems are being set up by OEMs such as Audi and Nissan exploring 
business models whereby they keep control over the batteries and can decide upon 
appropriate second life.  

Alternatively, batteries can be traded in an open market where used batteries are traded 
between parties under the circumstances that information of the actual lifetime of the 
batteries could be available to assess batteries residual capacity for reuse and repurposing 
(EC, 2019 p. 27).  

 

Table 2 summarizes some characteristics of open vs. Closed systems for circular battery flows.  

Open-market system Closed-loop system 
Distributed market 
mechanism.  

OEMs keep control and 
orchestrate the flow of 
batteries.  

Access to information to assess 
the state of health and residual 
capacity is crucial. 

State of health is a propriety 
information with the OEM.  

Economies of scale through 
collection of batteries from 
multiple sources. 

The OEM needs to set up 
reverse logistics and take-back 
systems to assure high 
collection rates. 

Governed based on market 
mechanisms guiding reuse vs. 
recycling.  

Governed based on value 
preservation in line with the 
core business. 

 

Having accurate information on the state of health of batteries is an important 
prerequisite for optimizing circularity in the open-market system, where batteries with 
adequate quality can be repurposed and reused before getting recycled. In such a system, 
batteries with a good state of health and higher market prices will be bought by parties 
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that can turn it into a valuable product while batteries with a low state of health will be 
recycled on a material level.  

This will further enable setting up a more efficient trade system where instead of acquiring 
and transporting used batteries with an unknown quality, an acquisition decision can be 
based on identifying batteries of the right quality for the specific purpose. In Sweden, 
emergence of tech-based, new startups providing trading platforms for buyer and sellers 
of reused batteries to easily find each other (e.g. Cling Systems) or providing data analytics 
services verifying the quality of second used batteries (e.g. Nortical) indicate the growth 
of interest in open-market solutions as more batteries will reach end-of-life in their first 
applications in the coming years.  

In the closed-loop system, known quality of the product and how it has been used are 
critical information impacting the remanufacturing potential by reducing 
remanufacturing costs and therefore involved risks (Mutha et al., 2016; Galbreth and 
Blackburn, 2006). While OEMs have the privilege of accessing this information, their 
incentives are not always in line with what is the most circular solution for the battery, in 
terms of repair, remanufacturing, or optimal point for removing the battery from the 
vehicle and repurposing it for another application (Ahuja et al., 2020). Their incentives 
are rather in line with their core business model whereby retaining ownership and control 
over the battery life cycle can reduce battery damage, facilitate remanufacturing, and 
improve recycling rates which in turn can enable reuse of critical materials such as lithium 
in production of new batteries (Ziemann et al., 2018) and reduce the dependency on 
imported virgin materials (Olivetti et al., 2017; Habib et al., 2017).  

How the choice and use of open-market vs. closed-loop set-ups will affect the performance 
batteries can achieve over the full lifecycle is a question for future research. The analysis 
of these alternative set-ups should include both environmental and economic aspects such 
as reuse and recycling rates, quality of material recovered, economies of scale, logistics 
costs and impact, as well as economic viability. 

In line with Kurvde et al. (2019) results from this project indicate that both approaches 
are likely to co-exist in the future circular battery market, either in parallel or in a 
sequential fashion. One natural outcome and one that can be said to describe many 
existing product-systems is that OEMs keep control over the batteries they put on the 
market for as long as they can be reused in the same application; when the battery is no 
longer applicable for second use in a vehicle it gets traded in an open market (Figure 6). 
In an opposite direction, OEMs can enter the open market to take back batteries that have 
exited their closed system via leakage points and regain control over them. What varies is 
merely the extent (spatially-geo, temporally-time, conditionally-quality) at which OEMs 
retain batteries in their closed-loop system. 
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Figure 6: Closed-loop systems existing within the broader market, the open system “O”.  

 

Interesting topics and cases for future research 
There are a few cases in which electrification will likely mean short lifetimes of batteries. 
For example, especially in the beginning, battery electrified aircraft are expected to have 
very low tolerance of reduced battery performance and capacity. To make this already-
expensive technology viable, there will be strong incentives to make second-use happen to 
recoup some of the costs of batteries purchased. What would an ideal cascaded use of these 
EV batteries look like?  

A few interesting topics have to do with the maturation of the market for EV batteries and 
development of second-use ecosystem. Actors and capabilities for repurposing will have 
to be developed. The tremendous amounts of battery and battery cell design makes any 
standard way of working challenging, but maturation of the market should lead to some 
standardization. What principles should be included in standardization? Design for 
reverse logistics and repurposing is another critical question. Will nodes for repurposing 
have to be centralized or could they be more decentralized in order to enable regional 
resilience and reduced distances to market?  

 

Conclusions 
As a result of this study, we provide a sketch of the future potential circular business 
ecosystem for traction batteries and lay out a concept for data collection, processing and 
distribution for traction batteries. In conjunction, we simplify understanding about data 
needs and classify them into three main types: material, product, system. We identify 
needed actor competences and roles for functioning business ecosystem. We present the 
concept of a data production line as a solution for value creation with data that might 
otherwise be underutilized and detail simple rules for the same. In addition, we 
hypothesize two competing set-ups for data handling, open and closed loop systems. 

Together, these different pictures provide the following outlook. Used batteries are 
valuable to many actors if accompanied with the right information. In fact, even some 
actors outside of the battery value chain see value in such data. Moreover, it is technically 
possible to collect and analyze data in a way in which actors concerns about data security 
are met or compensated for. Blockchain technology itself is deemed to cost too much for 
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the security gains it could provide but a concept like the one presented by Nortical for this 
project could meet actor demands and provide the data needed without blockchain. 
However, even given such a solution, achieving large scale reuse of battery cells between 
actors requires not only transfer of data related to the condition of cells but some of the 
proprietary code needed to best use the cells.  

The proprietary nature of the code in question presents a legal wrinkle that has to be 
ironed out between originator(s) – perhaps battery manufacturer and vehicle OEM – and 
receiver of data and material. It will invariably require special negotiation and contract 
between the originating actor (e.g. vehicle OEM) and actor receiving the used cells (e.g. 
energy storage provider or owner).  It is speculated that such agreements will become 
relevant once volumes of used batteries become greater and financial incentives become 
inherently stronger. 

Beyond the particular transfer of data and material, a number of new competences are 
needed to create a functioning and circular business ecosystem including: logistics, 
diagnostics, repair, remanufacturing and remarketing. There are many actors – mostly 
small – that appear to form at least the seeds to these functions.  

Systemic battery recycling is already happening however ineffective the outcomes. It is the 
default final end-of-use process for batteries; Landfill bans make straight disposal of 
batteries illegal or very costly. Moreover, resource criticality will likely drive increasingly 
functional recycling of batteries.  

Systemic reuse, on the other hand, is not guaranteed despite the potential environmental 
gains. There is arguably no example of systematic reuse for which a majority of a particular 
part type manufactured for vehicles – or nearly other product for that matter – is used 
again. As a comparison, reuse of engines and gearboxes occurs with less than 1o% of 
manufactured units, even though these are the best and most heralded examples of reuse 
in today’s system. It is concluded that second use of traction batteries (battery cells) can 
become a standard and environmentally and economically lucrative part of the business 
ecosystem if given the right resources and policy support to spurn development. Given 
that the system is still in development, it could become a unique example of an actual 
circular business ecosystem.  
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Appendix - List of publications and 
industry-focused presentations 

- Industrial	Efficiency	2020-	14-16	September	2020	Virtual		
- 20th	annual	Advanced	Automotive	Battery	Conference	US	(AABC) 
- Presentation	at	Swedish	Electromobility	Center-	Oct	2020	virtual	
- Circular	Material	Conference,	21-22	April	2021	Virtual	
- Life	Cycle	Management	Conference	(LCM)	2021-	5-8,	September	2021	Virtual		
- Circular	Economy	SMEs	across	Europe-	October	21,	2021,	Virtual	


