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Executive Summary 

Given the transition towards electric mobility, we can expect a rapidly increasing number of spent batteries 

to reach their end-of-life in the future. For one thing, there needs to be a system in place that has both the 

ability and the capacity to handle it. For another, the batteries contain a large share of valuable materials 

that can and ought to be recycled and returned into the system and, at the same time, ease the pressure 

exerted by raw material dependencies. Moreover, after the first life, the spent batteries have a remaining 

lifetime that can be used in other applications (other than mobile) to harvest the residual value they may 

contain. To set up such a system and exploit the involved business opportunities, we need to adopt a 

perspective that looks beyond conventional linear value chains that transcend the borders of established 

industrial sectors. 

To shed some light on these challenges, qualitative modeling of the business ecosystem(s) related to spent 

batteries was performed from a European perspective and with particular attention to the Norwegian 

context. Such modeling addresses questions like how the system functions from a business point-of-view; 

who gains what, and who takes what? The modeling also uncovers critical dependencies, gaps, and potential 

risks in the ecosystems. Two adjacent ecosystems were considered: the ecosystem that undertakes to pursue 

a circular model by sustainably recycling materials from spent batteries, and the ecosystem that pursues a 

circular model by sustainably exploiting opportunities related to second use of the batteries. The modeling 

only considered commercial actors. 

The modeling points to several important issues. Five of them are pinpointed here. 

First, the variety of different positions actors can occupy in the ecosystem through their business models 

becomes apparent. Most notably, there are clear tendencies towards various vertical integration in different 

sections of the ecosystem. This seems to be driven by a wish to secure the supply of raw materials among 

battery component and pack producers, on the one hand, and by automotive original equipment 

manufacturers wish to ensure efficient supply of custom-designed batteries, on the other. Downstream 

vertical integration and physical proximity among the actors in battery production also make sense due to 

a large amount of scrap that ramping up the production is likely to cause. 

Second, the role of and need for regulations has become more apparent and drives both research and 

development activities as well as business model choices. The new European Union battery regulation 

(December 2020) sets stricter requirements for battery recycling. However, there seems to be a consensus 

among stakeholders and the European Commission that market forces shall drive the possible second use 

of batteries.  
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Third, the battery ownership model is an essential feature of the original equipment manufacturers’ business 

models and is an important decision that will influence the electric vehicle and battery value chains. The 

sources interviewed believe that most ownership models will keep the electric vehicle owner or a third party 

as owners. It is also expected that the interest in and control of their LIBs will continue to increase. In 

Norway, the prevailing regulations have facilitated a well-functioning system where the car dismantlers are 

in control of the EVL (including its battery). 

Fourth, the modeling identifies the role of gatekeepers in the second use ecosystem. One such role is the 

one taken by automotive original equipment manufacturers through their ability to restrict access to the 

battery management system. Another is the one possessed by car dismantlers who can decide where the 

retired cars and batteries returned to/via them will be channeled. A third one is the one held by the extended 

producer responsibility contractor or dismantler.   

Fifth, there are financial barriers to overcome for second use, which highly depend on the prices of new 

versus spent battery packs. One way to partly overcome these obstacles is to repurpose the battery 

management system without any remanufacturing of the battery pack or module itself to save costs. 

Furthermore, there are unsolved challenges regarding responsibility during and after second use related to 

who will be responsible for the quality and security of second use batteries, and who will pay the recycling 

cost afterward. If spent batteries are not considered as waste in the future, the repurposer will be responsible.  
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1 Introduction 

Electrification of transportation is an attractive strategy to reduce climate- and environmental impact from 

the sector. This transition requires large volumes of high-capacity batteries, especially lithium-ion based 

[1], [2]. Lithium-ion batteries (LIB) contain several economically valuable materials that can also be 

environmentally hazardous if not managed sustainably throughout the lifetime of the batteries. Improved 

LIB recycling rates are essential to increase the sustainability1 of batteries; however, it is currently facing 

dilemmas [3]. Product life extension by enabling second use of batteries is another sustainability strategy 

that has gained interest among battery stakeholders [4]–[6]. Similarly, several barriers for second use need 

to be tackled.  

This report strives to shed light on the challenges mentioned above and barriers by discussing the business 

ecosystems and the business models for enabling the current and a potential circular economy around LIBs 

in Norway and Europe. The report looks more closely at how the industry works in each of the stages in 

Figure 1 [7], which presents a generic circular value chain for electric vehicle batteries. In short, the report 

addresses the questions of “who does what and who takes what” in the LIB ecosystem(s). The ecosystems 

in this report focus on electric cars. However, several actors operate in other value chains as well, including 

electronics and other means of transport such as trucks, buses, and ships (for a complete list of applications 

and their requirements, see Skare et al. [8]. While a circular approach to LIBs includes recycling, reuse, 

and second use, this report mainly considers recycling and second use (reuse as a circular strategy means 

new use in the same type of application originally manufactured for, e.g., in an electric vehicle (EV)).  

A particular interest of the report is the impact of business models on the ownership of the LIBs at the end-

of-life (EOL) stage. This is an essential factor in understanding (and potentially regulating) for introducing 

more efficient recycling and secondary use and the current market, driven by the supply of spent batteries 

(everything indicates that there shall be a demand). 

There are many earlier reports on the LIB value chain that provide various numerical scenarios for the 

industry's growth and efficiency [9]–[11]. However, very few (if any) provides an overview of different 

business model-logics that interact in the various business ecosystems emerging in the industry. Therefore, 

this report is to be seen as an explorative study of the systemic dependencies in an industry in the making. 

 

1 In this report we use the word “sustainable” meaning a property that avoids negative economic, social, and 

environmental impact of the battery production, use and disposal. 
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Figure 1: Electric vehicle battery circular value chain (adapted from [7]). 

This report complements earlier reports on LIB technologies [8], the movement of LIBs in the Norwegian 

transport sector [12], and LIB policy trends in the European Union (EU) [13]. The development of the LIB 

technologies (notably chemistries) and the EU’s new regulatory framework for batteries [14] and other 

regulations will significantly impact the business models and ecosystems in the industry. 
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2 Concepts and methodology 

2.1 Defining the concepts of a business ecosystem 

The business (innovation) ecosystem concept has become popular over the last years both in business and 

policy. It is commonly used to refer to new types of industries and business networks emerging due to 

changes to existing more linear value chains. Also, on occasions when a new business transcends the 

borders of existing value chains or industries. For this report, we refer to two related definitions. First, we 

quote the one by Thomas and Autio [15], saying that a business (innovation) ecosystem is: 

…a community of hierarchically independent yet interdependent heterogeneous participants who 

collectively generate an ecosystem output (and related value offering targeted at a defined 

audience).  

The “ecosystem output” in the above definition is here used to refer to a focal value proposition that is 

common for the whole ecosystem (hence also denoted “ecosystem value proposition”) as indicated in the 

ecosystem definition by Adner [16]: 

…the alignment structure of the multilateral set of partners that need to interact in order for a focal 

value proposition to materialize. 

The main difference to the conventional concept of a value chain lies in its focus on potential (new) partners 

that lie off the chain, on multilateral dynamics, and on alignment strategies for keeping the ecosystem 

together.  

2.2 Ecosystem modeling 

This report's specific tool is the ecosystem pie model (EPM), which can be described as a tool for qualitative 

modeling of innovation ecosystems [17]. The tool departs from the Ecosystem Value Proposition (EVP), 

that is, the collectively produced output. It then considers each actor (in this case, firm-actors) in the 

ecosystems that are engaged with value creation and captures on the supply side of the ecosystem, that is, 

those actors that are necessary to produce the EVP. It does so in terms of five elements (and their 

interrelations), as explained in Table 1.  
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Table 1: Description of the key elements in ecosystem modeling using the EPM tool [18]. 

Element Description 

Resources Resources at the disposal of the actor to be utilized for performing the activities 

that create value within the ecosystem. 

Activities Activities performed in converting resources into value additions toward the 

ecosystem. 

Value addition The unique productive contribution of the actor to the ecosystem. 

Value capture The type, mechanism, and quantity of value captured by the actor from the 

ecosystem. 

Dependence The extent to which the actor is dependent on the success of the ecosystem. 

Represented with letters on the following scale: low = L, medium = M, high = H 

(in circles in the EPM).  

Risk The potential inability and unwillingness of the actor to supply their productive 

contribution to the ecosystem. Represented by a three-color scheme: high = red, 

medium = yellow, and low = green. 

2.3 Business model 

Following the above-quoted definitions and the elements in Table 1, a business ecosystem can be seen as a 

group of companies with interlinked business models. A business model emphasizes value creation, 

delivery, and value capture of a business, as illustrated in Figure 2. It should consist of elements such as 

customers and infrastructure to plan how (and why) the business should operate. Business models for a 

circular economy, or circular business models, is a more recent term with growing interest. The aim is to 

narrow, slow down, and close material loops, in this context, from retired LIBs [19].  
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Figure 2: A conceptual perception of a business model. 

2.4 Data sources 

The content is based on several interviews with battery industry stakeholders and experts in various battery 

related activities (a list of informants and sources is provided in Chapter 9), research literature, industry 

reports, webinars, and a study by the University of Agder and Pontifical Xavierian University and 

University of La Sabana [20].  

In the latter novel study, the Delphi method was applied where a battery expert panel provided insights. 

The panel had different professions and 5+ years of experience in the field, located in various countries in 

Europe, North- and South America. 
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3 An overview of the LIB ecosystem and its actors  

3.1 Actors  

The overall LIB ecosystem connects in a circular manner the automotive, metals, and energy industry and 

its respective value chain members and a set of actors less commonly considered in conventional value 

chain analysis, such as regulators and dismantlers and the car owners themselves.   

Figure 3 lists the main players (European players marked with a yellow asterisk. What is interesting in the 

figure is the variety of vertical positions those different actors can take. For example, Umicore spans the 

chain from recycling via raw materials production to electrode materials, or BYD that covers both battery 

cell, battery pack, and vehicle production as well as recycling. 

For this report, we focus on firm actors. This will leave out otherwise important actors, such as governments 

(or regulators), research institutions, and industry associations, whose role may be pinpointed in parts of 

the reports as deemed relevant.  

We have chosen to split the analysis into two ecosystems, the LIB recycling, and the LIB second use 

ecosystem, although they could be considered one. The reason is that they show different dynamics and 

dependencies, and hence the results of ecosystem models will look different. Thus, we consider the 

following actors in the LIB recycling ecosystem: 

• Battery component and pack producers (including producers of precursors, components, cells, and 

complete battery modules or packs) 

• Automotive Original Equipment Manufacturers (OEMs)  

• Car distributors 

• (Car owners - mentioned but omitted from the model) 

• Car dismantlers 

• Battery dismantlers 

• Metal/mineral processors (both extractors and refiners) 

• (Metal/mineral traders and merchants – mentioned but omitted from the model) 
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Figure 3: Battery value chain and main players [21]. 



As for the LIB second use ecosystem, we consider the following actors: 

• Battery component and pack producers 

• Automotive Original Equipment Manufacturers (OEMs)  

• (Car distributors - omitted for the sake of simplicity, unchanged role) 

• (Car owners - mentioned but omitted from the model) 

• (Charging infrastructure - mentioned but omitted from the model) 

• Car dismantlers 

• (Battery dismantlers - omitted for the sake of simplicity, unchanged role) 

• Battery repurposers 

• System integrators / Energy Storage System (ESS) providers 

• Grid owners and operators 

3.2 EPR effects on ecosystem 

On a general level, it is to be pointed out that the LIB (together with the EV itself) is subject to extended 

producer responsibility (EPR) regulations (also see the discussion in section 3.1). Hence, the OEMs are 

required to arrange for safe and appropriate handling of spent batteries (and cars). Typically, they do it 

through an EPR contractor (a special purpose vehicle) that collectively handles the EPR for the OEMs (e.g., 

via the car importers). The EPR contractor coordinates the collection of retired vehicles (typically from car 

dismantler firms) and may then assign a recycling company (earlier in the report denoted “battery 

dismantler”) to handle the battery safely, or it may opt to itself set up and operate dismantling facilities. To 

finance the operations, the EPR contractor charges a waste handling fee. Hence, at the EOL, the battery 

may pass through three different actors that may or may not be interested in exploiting the residual value 

of the battery itself: the car owner, the car dismantler, and the battery dismantler. The action path they 

choose is impacted by the business models of themselves and the OEMs. 

3.3 The Norwegian context 

Although this report looks at LIB ecosystems from a European perspective, it has a particular interest in the 

Norwegian context. Norway is a front-runner in EV market share compared to the rest of Europe (and most 

parts of the world). The main reason is the Norwegian government's strategy to boost EV sales. Political 

incentives (e.g., the exemption for EVs for value added tax) were activated a few years. As a result, the EV 

stock in Norway has grown from about 20 000 in 2013 to 300 000 in 2020 [22]. 

As an electric car has an expected lifetime of 5-15 years (opinions vary among sources), they have not 

reached end-of-(first)life (EOL) yet, except for a smaller amount that is damaged. Thus, the volumes 

resulting from the increased market share will start in 5-8 years, and the retired LIB market and value chain 



14 

is not possible to fully predict. The current car value stream and deposit system in Norway is illustrated in 

Figure 4. 

 

Figure 4: Illustration of the Norwegian spent car value stream. Black arrows represent physical flows 

and blue monetary flows.  

All importers of cars in Norway must be a part of the approved deposit system (Autoretur). Thus, the 

importers cover the costs of several local car dismantlers, who pay individual consumers 3000 NOK per 

car if they deliver it to one of the dismantlers. When purchasing a new or spent car, consumers can receive 

a form of warranty from the vehicle producer, importer, or distributor [23]. When the warranty is expired 

or applies to damages outside the scope of the warranty, an insurance company cover the cost that were a 

part of the previously signed insurance agreement. Car dismantlers and insurance companies in Norway 

have local agreements where the latter sells cars to the car dismantlers. The dismantlers also sell spent car 

parts to the insurance company, as illustrated in Figure 4. However, this supply only covers a small 

percentage of the total demand for spare parts.  

The Norwegian deposit system leads to an effective collection of spent cars and batteries and is a manner 

to manage the EPR. Left car wrecks are a more significant issue in other European countries that are EU 

members, where a similar functional deposit system is not widely in place. The sources indicate that the 

existing Norwegian retired car value stream will operate similarly, also with future retired LIB volumes. 

This system is well established and unique in Europe because of the deposit system. This system is highly 

valued by several actors, including the Norwegian government. Vehicle manufacturers entering the 

Norwegian market are not necessarily expecting this strict, nation-wide system to collect spent cars; 

however, the current system forces a need to change and adopt to this model when entering the Norwegian 

market. For example, it is more challenging for an OEM in Norway to control and manage the vehicle and 

battery after consumption compared to other European countries.  

What is expected to change in the future is that value chain activities will be located in or closer to Norway, 

compared to the current situation. This includes battery cell manufacturing and recycling.    
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4 Modeling of the LIB recycling ecosystem 

4.1 Overview and the ecosystem value proposition 

 The LIB ecosystem moves in parallel with the broader automotive ecosystem and its established value 

chains and actors. Nevertheless, the shift in power train technology is causing a disruption of the automotive 

value chain with LIB rendering an enormous competence pool and industrial process built around the 

internal combustion engine obsolete (or reducing its importance) in the next few decades [24], [25]. 

Similarly, the introduction of carbon-free but intermittent energy sources in the energy system is (together 

with digital technologies) shaking up the energy industry and increasing the call for (inexpensive) energy 

storage system solutions. 

To start with, The EVP for the LIB recycling ecosystem is defined as follows:  

Sustainable LIB recycling means profitable recycling that is continually not harmful to the 

environment and society. 

The way the EVP is formulated is crucial for the modeling as the elements listed in Table 1 all shall be 

understood from the EVP perspective. The above formulation expresses an ambition for circularity (in the 

form of recycling) and sustainability (in the form of a profitable activity that is not harmful to people or the 

plant). 

4.2 Actor by actor analysis 

4.2.1 Battery pack and component producers 

The battery pack is in itself brought about through a long supply chain with all its components and assembly 

stages: precursors, the electrodes, the electrolyte, the cells, and the battery module and pack. The value 

created by this value chain is the production done in efficient, high-capacity factories (i.e., “Gigafactories”) 

that can exploit increasing economies of scale and the use of “Factory-of-the future concepts” [26]. Another 

aspect of battery production concerning the EVP mentioned above is the CO2 footprint of the battery 

manufacturing process. For example, a Nissan Leaf 30kWh battery may double the emissions from 

manufacturing the vehicle (in comparison to an ICE powered vehicle), which increases with the battery's 

size [27]. This provides an opportunity for automotive OEMs that can source their batteries from a low 

emission value chain. However, high emissions may be offset compared to an ICE powered vehicle in a 

short time during use [28]. 

Manufacturers of LIBs and their components can be considered the focal actor around which innovation 

the ecosystem will be built and are thus highly dependent on the ecosystem's success. There seems to be no 
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significant risk for their capability (and willingness) to perform their role in the ecosystem. However, it is 

clear that European actors are starting their journey far behind their Asian peers [11] and are unlikely to 

achieve as high efficiencies in their factories as currently seen in China (e.g., due to the lack of economies 

of scale).   

Due to such inefficiencies in the ramp-up phase, it is likely that a considerable amount of scrap will be 

produced in the battery manufacturing process, as illustrated in Figure 5. The amount of available 

production scrap in Europe is currently low but is likely to grow and be the main feed for European 

recycling plants in a few years [29]. 

 

Figure 5: A closed loop production system for batteries [29]. 

Therefore, likely business ecosystem features will be close partnerships between battery producers and 

metal recyclers and factories' co-location to reduce transportation costs. An extreme version of this 

business model for battery producers is a vertical integration upstream (cf. Northvolt intends to cover the 

whole chain from recycling to battery pack assembly).  

4.2.2 Automotive OEM 

The value created by the automotive OEMs concerning the EVP is indeed massive, but at the same time, 

one of their key resources, the ICE competence, is becoming more and more obsolete. Tesla (together with 

several Chinese peers such as BYD), coming from outside the ICE ecosystem, has effectively shown that 

the ICE competence is by no means a prerequisite for entering the EV market. Hence, the future added 

value stems from other production and supply chain capabilities, enabling cost-efficient manufacturing of 

EVs. The big question is whether the large OEMs can master the shift from ICE to LIB in their factories 
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(cf. VW conversion of their Zwickau plant to an EV factory). It is clear, though, that they neither can nor 

want to miss the EV boom, which makes them highly dependent on the success of the LIB ecosystem. It is 

also likely that the European OEMs will adopt increasingly circular business models as EU regulations for 

battery materials recycling sets stricter requirements. The risk that these OEMs would not be able to fulfill 

their role (or be unwilling to) is low, although the shift would not be as smooth as expected.  

The value capture mechanisms for OEMs are likely to remain the same, that is, new car sales or car leasing 

schemes. However, it will slightly change the business model of the OEM and car distributors because EVs 

have fewer parts (i.e., expect a reduction of spare parts sales on the EV market). A new business model is 

based on battery leasing. Currently, it seems that the main driver for battery leasing is increased new EV 

sales (reducing consumer perceived uncertainty in front of new technology) rather than only a desire to 

control the ownership at EOL of the battery. However, there are other mechanisms for the OEMs to 

incentivize the return of spent batteries, such as replacement offerings (cf. BMW i3). In these cases, the 

OEM provides the opportunity to purchase a replacement of the spent EV battery with a new one.  

Another potentially impactful business model in this regard is one based on the car or ride-sharing, which 

seems to be more likely for large urban regions with high people density [12], [30]. However, it appears 

that some OEMs (notably Daimler and BMW) that have been testing such business models for the near 

future are turning their focus back to business models based on individual ownership [31].  

As for the recycling of end-of-life-vehicles (ELVs), the EPR drives the recycling market. In Norway, most 

of the car importers have joined forces through Bilimportørenes Landsforening (the car importers’ national 

association), which, in turn, established and assigned one company for handling ELVs, Autoretur. The 

association formed close cooperation with Batteriretur for handling LIBs (see section 4.2.6).  

4.2.3 Car distributors 

The standard model for car distribution is to award the right for car distribution to a local car importer in 

each country. That importer then distributes the cars to local car dealers taking care of the sales (and in 

many cases also maintenance) of vehicles according to a contract with the OEMs. Some brands, notably 

Tesla, have chosen a direct distribution model where they themselves cover the whole value chain. 

4.2.4 Car owners 

The car owners have been included in the ecosystem modeling because they effectively own the LIB at 

EOL and hence at least theoretically can decide what to do with it. This has some implications for the ability 

of the ecosystem to collect the LIBs for recirculation. However, car owners are omitted from the resulting 

ecosystem model shown in Figure 9 due to their otherwise relatively limited and prominent role. 
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4.2.5 Car dismantlers 

Car collectors and dismantlers have existed for decades and play an essential role in the recycling ecosystem 

[32]. Most LIBs are and likely will be collected by them, and this collection has earlier been pointed out as 

a less researched theme [33], which underlines the importance of this actor. The majority of spent batteries 

end up at an approved car dismantler that then typically contracts the EPR contractor assigned by the car 

importers. The added value provided by the car dismantlers is the network of stations they provide for an 

easy return of an ELV as well as in their ability to dismantle the battery from the rest of the car in a safe 

and efficient manner. The car dismantlers are per se not dependent on the success of the recycling ecosystem 

because a considerable part of their income comes from independent sales of spent spare parts [32][34] and 

batteries to various interested buyers. The established network of car dismantlers also ensures that there is 

a base infrastructure of retired LIBs. However, the lack of regulations and restrictions on safely handling 

spent batteries still constitutes a risk.  

In Norway, the association for car dismantlers expect high ethical and competence standards from their 

members to mitigate the risk with handling high-energy batteries. Yet, a small share of the car dismantlers 

operates independently and interpret the regulations differently and does not comply with the standards of 

the associations. This means an unpredictable flow of car parts, including batteries, from these 

organizations. Therefore, there is an interest to clarify the regulations in terms of who are “able to” handle 

the spent cars and batteries, to avoid misinterpretations and potentially dangerous situations of reuse or 

repurpose. To counteract unfortunate episodes, there are several initiatives to educate staff in Norway with 

courses inn safe handling and diagnosis of batteries.  

4.2.6 Battery dismantlers 

Battery dismantling is, as previously mentioned, a business driven by the EPR regulations. Hence, the added 

value lies in helping car importers (and automotive OEMs) fulfill the regulatory duty. In this regard, the 

key activities revolve around handling the logistics of spent batteries and deactivating and dismantling the 

mechanical components for further recycling. Today, logistics is a significant cost item, especially as they, 

as a rule, require special transportation for dangerous goods (ADR). Some changes to this may be 

upcoming, for example, in the case of undamaged and sealed batteries that only have been removed from 

their original vehicle body. Nevertheless, efficient coordination of increasing flows of EOL LIBs is a key 

competence and activity of the battery dismantlers. 

Handling of the LIBs themselves requires good knowledge of different high-energy battery types to be able 

to set up safe and efficient systems for deactivation and dismantling. Battery dismantling is still a reasonably 

labor-intensive activity and is expected to remain so for the near future despite research efforts on the 
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automation and robotization of the disassembly process. Currently, the variety of different battery types 

(both in terms of chemistry and cell design) is so big that it is challenging to fully automate the dismantling 

process. Standardization of battery types is neither likely to happen as long as the LIB technology is 

undergoing rapid development. 

In Europe, the earning logic for a battery dismantler is the gate fees obtained from the car importers. The 

situation may, however, change quickly when the amount of EOL batteries increases. The revenue from 

selling the dismantled materials may constitute a larger share of the total revenues of a dismantler. A battery 

dismantler is highly dependent on the success of the ecosystem. However, the EPRs may have no own 

growth ambitions as such (besides fulfilling the regulatory duties of their clients). The dismantlers appear 

to be able and willing to play a role in the ecosystem. In the future, this may, however, be subject to both 

workshop capacity and availability of trained human resources for handling high-energy batteries. 

Overall, the recycling value chains are rather heterogeneous, and various actors enter the market from 

different value chain positions, as shown in Figure 6. 

 

Figure 6: Actors engaged in EV battery recycling across the value chain [10]. 
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4.2.7 Metal/mineral processors (extraction and refining) 

After the mechanical treatment and physical separation of the spent LIB, different material fractions may 

be sold to processors of different minerals processors for their further extraction and refinement [35]2. 

Various actors perform different parts of this process chain. Metals companies are typically specialized in 

one kind of metal, such that you will typically find aluminum producers, nickel and cobalt producers, and, 

for example, iron producers. Through their primary activity of extraction and refining, these companies 

create value in the form of a high-quality (battery-grade) metal product and an efficient refining process 

(i.e., high yield and as low carbon footprint as possible). Their key resources are the refineries and an R&D 

department that can continuously improve the process. In essence, there are two main process routes for 

extracting and refining raw materials from retired batteries: pyro- and hydrometallurgical, and various 

combinations of the two [35]. An overview of different process routes is provided in Figure 73. The choice 

of the process can, to some extent, be seen as an element of the business model as the two routes have rather 

different properties. The selection may also be driven by regulation, especially as there will be demands on 

the recycling of lithium [14], which would favor the hydrometallurgical route. Depending on the source of 

electricity, the pyrometallurgical route also has a higher footprint, although, in Norway, the high supply of 

hydropower offsets that disadvantage.  

On a general level, the minerals processors are, per se, not directly dependent on the success of the 

ecosystem, as their processes can handle both virgin and recycled raw materials. Still, as soon as the 

automotive industry by regulation is directed on a more circular route, they are bound to follow one of their 

most important customer segments, the automotive industry. There is no foreseeable risk that they could or 

would not fulfil their role in the ecosystems as there are existing refineries. However, tightening emission 

and recycling requirements exert some pressure on intensified R&D activity.  

 

2 “Black mass” containing several valuable metals is produced as an intermediate refining step before further 

extraction and refinement. 
3 Miners are excluded from this chart as the modeling considers the recycling ecosystem.  



21 

 

Figure 7: A flowchart over potential routes for the circular economy of LIBs [29]. 

4.2.8 Metal/mineral traders and merchants 

A generic value chain for the metals industry is shown in Figure 8. In this report, we will not consider the 

upstream mining industry and its technology supply chain. What is characteristic of the metals industry is 

the existence of merchants and exchanges, such as the London Metals Exchange, on which platforms most 

of all non-ferrous metal futures business is transacted. 
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Figure 8: The generic value chain in the metals industry [36]. 

4.3 Resulting ecosystem model of LIB recycling ecosystem 

The resulting EPM for the LIB recycling ecosystem is shown in Figure 9. The colors of the actors and the 

respective tables indicate different sectors (or value chains). Table 2 summarizes the observed dependencies 

and the assessed risk levels. It is to be pinpointed that the assessment does not make claims regarding 

specific companies, but it attempts to highlight some potentially essential issues of an evolving ecosystem 

and the involved actor groups on a general level.  

The resulting EPM for the LIB recycling ecosystem is shown in Figure 9. The colors of the actors and the 

respective tables indicate different sectors (or value chains).  
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Table 2: A summary assessment of dependencies and risks in the sustainable LIB recycling ecosystem in 

Europe. 

Actor Dependence on the ecosystem Risk for the ecosystem 

Battery 

component and 

pack producers 

High – Highly dependent on the 

sustainable supply of battery raw 

materials. 

Medium – As of today, we do not have a proven 

ability to master the whole supply chain and 

production process for batteries on a large scale in 

Europe. 

Automotive 

OEMs 

High – There have recently been 

European regulatory measures to increase 

the recycling rates for OEMs in terms of 

their EPR. 

Medium – For recycling to be efficient, batteries 

will have to be designed for disassembly and 

recycling. Although some of the newest car 

models cater to this, it is still not an industry-wide 

mature practice. 

Car distributors Medium – Same as for the OEMs, but 

depending on the demand for EVs on a 

specific country market, they may as well 

continue with ICE powered vehicles. 

Low – For some car distributors, the EV market 

cannibalizes the existing business, which may 

impact their willingness to contribute to some 
countries. However, although they provide easier 

access to cars, they cannot stop consumer access 

to EVs. Overall, their role in recycling is minor. 

Car dismantlers Medium – Needs to fulfill their 

regulatory duty in terms of waste 

handling, which currently does not 

constitute a problem. Car dismantlers 

have a potential power position that could 

enable a low-risk business of channeling 

batteries to different parties depending on 

their health, which makes them 

somewhat dependent on the success of 

the ecosystem (i.e., risk-free waste 
handling). Furthermore, car dismantlers 

receive a large part of their income from 

spent spare part sales, making them less 

dependent on recycling per se. 

Low – In principle, Norway has one of the best car 

collecting systems globally, and most dismantlers 

have agreements contributing to a predictable flow 

of spent batteries to the ecosystem. However, each 

dismantler controls the batteries after consumption 

and may themselves decide what to do with them.  

High – Car dismantlers possess the LIBs when the 

EV consumers have sold/ delivered it to them. As 

per current regulations, dismantlers are free to 

forward the battery to the buyer of their choice. A 
few dismantlers sell the batteries to unknown 

consumers, and if this continues with larger 

volumes, it will be a risk for the ecosystem's 

predictability. They are marked with a grey sub-

sector in Figure 9.  

Battery 

dismantlers 

High – Fulfil an essential role in the EPR 

system and are dependent on a 

functioning recycling market (off take) 

with high capacity. 

Medium – The availability of a skilled workforce 

may be a bottleneck in the future. 

Mineral 

processors 

Medium – As such, the metal producers 

are not dependent on recycled raw 
materials, but to be sustainable and to be 

able to supply the European automotive 

industry with recycled materials, they are 

dependent on the supply of spent battery 

parts. 

Medium - The availability of sustainably recycled 

battery raw materials will, in the beginning, be 
uncertain but is likely to be the opposite in the 

longer run.  
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Figure 9: Ecosystem Pie Model of electric vehicle lithium-ion battery recycling community 
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5 Modeling of the LIB second use ecosystem 

5.1 Overview and the ecosystem value proposition 

Recycling eventually is the activity pursued increased circularity in the LIB industry and the focal activity 

for the automotive industry to secure its supply of raw materials. Before finally recycling the battery, it may 

make sense to prolong its lifetime by reusing it (in another car) or repurposing it for a second use as part of 

an ESS. This chapter deals with the ecosystem required for second use. Potential second use applications 

are shown in Figure 11. 

The EVP for LIB second use ecosystem is defined as follows:  

Sustainable second use of LIBs means profitable repurposing that is continually not harmful to 

the environment and society. 

 The way the EVP is formulated is crucial for the modeling as the elements listed in Table 1 all shall be 

understood from the EVP perspective. The above formulation expresses an ambition for circularity (in the 

form of a prolonged lifetime) and sustainability (in the form of a profitable activity that is not harmful to 

people or the plant). 

5.2 Actor by actor analysis 

5.2.1 Battery pack and component producers 

In the second use ecosystem, the LIB manufacturer's role is the same as in the recycling ecosystem, but the 

incentives to participate in the ecosystem vary a lot. For a battery cell and pack producer, there is likely to 

be immense interest in new sales of storage solutions rather than participating in the second use ecosystem 

[10]. Hence, the dependence on the success of the ecosystem is low. As stated in section 4.2.1, however, 

there is no considerable risk concerning the battery producers' ability to supply the market with new 

batteries. 

5.2.2 Automotive OEM 

It can be expected that the OEMs, for the time being, are fully occupied with launching new EV models 

and converting their factories to EV production [10]. In this regard, the automotive industry is not dependent 

on the success of the second use ecosystem per se, as the new (December 2020) EU regulations do not 

require a certain degree of second use, although measures are given to allow it [14]. In such a case (and 

otherwise), they are likely to team up with stationary energy storage systems providers for the second 

applications [10]. They are not expected to constitute a risk for the second use ecosystem. 
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Nevertheless, the battery management system (BMS) gives the OEMs a particular gatekeeper role in the 

second use ecosystem. It is crucial for all batteries, especially for lithium-ion based, to ensure safe and 

reliable operation and gets increasingly advanced in track with technological innovations. The BMS is a 

computer-based control system that adjusts the battery operation to specific applications, conditions, and 

consumption. It controls the charge and discharge rates (C-rate), monitors battery parameters such as 

current and voltage, and performs various safety and quality measures, e.g., thermal control. The 

programmed system and data are private property for the automotive OEM, and access to third parties is 

limited. The BMS with its algorithms and data is considered as a company secret, also due to safety reasons, 

to avoid third party access and misuse of the battery. The BMS is one of the significant challenges in second 

use of LIBs. 

5.2.3 Car owners 

Car owners are mentioned here in the capacity of their role as a potentially new actor in future energy 

ecosystems through vehicle-to-grid (V2G) systems that may become an element in new business models 

among energy companies [37]. However, V2G can face challenges due to battery degradation, which will 

occur more rapidly. When the car owners own the LIB, they will not control the battery after it is sold and 

delivered to the car dismantler. Hence, they will not play a direct role in the second use ecosystem apart 

from individual car/battery owners who decide to reuse the battery for their private purposes and apart 

from the potential role as a competitor to the second use applications in terms of their ability to contribute 

to V2G systems. As these roles are expected to be minor (at least in the near future), car owners are 

omitted from the ecosystem model. 

5.2.4 Car dismantlers 

Car dismantlers essentially play the same role in the second use ecosystem as in the recycling ecosystem. 

For the same reasons as in the recycling ecosystem, their dependence on the ecosystem is low. However, 

given their gatekeeper position and low risk of participation, the second use market could be a major 

business opportunity when the spent LIB volumes arrive if the value streams remain unchanged. 

5.2.5 Battery repurposers 

In the second use ecosystem, the spent battery moves from the dismantler (or from the one who possesses 

the battery at EOL) to a battery repurposer that performs an additional activity of repurposing the battery, 

either by both remanufacturing the battery pack (or module) and reprogramming the BMS or by only doing 

the latter. Repurposing requires some expertise in the functioning of the battery. The added value therein 

lies in the remaining lifetime and residual value that the battery may possess. The value space where the 

repurposer operates is, however, narrow, as shown in Figure 10. For one thing, the cost of new batteries is 
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continuously decreasing. For another, the value of the battery materials makes it increasingly interesting 

for mineral processors, depending on the volume of supply of retired batteries and the price of virgin raw 

materials. Therefore, the dismantler is not solely dependent on the success of the second use ecosystem, but 

the repurposers indeed are. There are competent repurposers around, and it is as such no major risk as to 

their ability or willingness to repurpose spent batteries, but the cost efficiency of the process is a question 

mark together with the supply of spent batteries for repurposing. The actors who possess the battery 

ownership at EOL are gatekeepers in this regard (for a further discussion on this topic, see Chapter 6). 

Therefore, an alternative business model is to use undamaged battery packs without any dis- and reassembly 

involved. As seen in  Figure 10, such a model may radically improve the economics of repurposing.  

However, a major hurdle for any repurposing is access to the battery management system (BMS). An 

alternative route is reprogramming the BMS, which is costly. Another issue is the uncertainty around where 

the EPR lies for repurposed batteries (by the OEM, the repurposer, or even the end-user). For these reasons, 

the most economical business model under prevailing regulatory conditions seems to be one that builds on 

a partnership between a storage solution provider and an OEM [10].  

 

 

Figure 10: Representative economics for second use repurposer in 2020 [10]. 
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5.2.6 Systems integrators / ESS providers 

A battery alone does not make a complete storage solution but must be complemented by different 

components. Such ESS providers perform a systems integration activity by sizing, customizing, and 

optimizing the storage solution for a specific grid. The added value can briefly be divided into two major 

categories. One that improves the power quality and the reliability of the grid, and another that reduces 

energy costs by lowering the demand charge and/or introducing flexibility in terms of the time of use (i.e., 

by enabling price arbitrage) [38]. Figure 11 lists 14 such applications for four different customer segments. 

The value capture mechanism for system integrators seems to be direct sales. There might also merit trying 

out value-based pricing and service-oriented offerings (such as batter-as-a-service) [10]. The system 

integrator can also be a repurposer (or vice versa) as repurposing itself may not add enough value alone 

(see the previous Section). 

 

 

Figure 11: Different energy storage system applications for different customer segments [39]. 
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The system integrators are dependent on the success of the second use ecosystems, at least as long as there 

is a clear price difference between new and second use batteries. The storage providers have proved to be 

both competent and willing to contribute to the success of the ecosystem. The supply of batteries is, 

however, in the short term, a challenge for them. 

It is noteworthy that the complementary components (e.g., power electronics) may constitute an attractive 

niche market for some players. These suppliers also create opportunities for ESS providers to enlarge their 

supply scope towards more complete solutions [10]. 

5.2.7 Grid owners and operators 

Figure 11 lists some common actors and customer types for ESS solutions. From the EVP point of view, 

their primary function is to provide the offtake of storage solution. However, currently, there does not seem 

to be a high demand for other values than the price difference among the grid owners or operators. With 

the increasing amount of intermittent energy sources introduces in our grids, there is also likely to be a 

continued demand for stationary storage solutions as along as viable business cases can be identified.  

Companies building the charging infrastructure (and related technology) are a new actor that may be worth 

considering in the second use ecosystem. This is because the charging infrastructure may become a potential 

offtake for second use batteries and may, in that respect, contribute to growing the market size for second 

use batteries at the same time as it serves as an enabler for further EV penetration on the market. 

5.3 Resulting ecosystem model of LIB second use ecosystem 

Table 3 summarizes the observed dependencies and the assessed risk levels for the respective actor groups 

in the second use ecosystem. It is to be pinpointed that the assessment does not make claims regarding 

specific companies, but that it attempts to highlight some potentially important issues of an evolving 

ecosystem and for the involved actor groups on a general level.  

The EPM for the LIB second use ecosystem is shown in Figure 12. The colors of the actors and the 

respective tables indicate different sectors (or value chains).  
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Table 3: A summary assessment of dependencies and risks in the sustainable LIB second use ecosystem in 

Europe. 

Actor Dependence on the ecosystem Risk for the ecosystem 

Battery 

component and 

pack producers 

Low – Is not dependent on an 

existing second use market for 

spent batteries. 

Medium – Has the capacity to supply the first life market 

with new batteries but may not have the willingness to 

promote a second use ecosystem as it cannibalizes on new 

sales to the ESS market. It may also render the price 

difference between first and second use batteries obsolete. 

Automotive 

OEMs 

Low – Only required to recycle 

and not dependent on a second 

use ecosystem.  

High – Battery management system access (and battery 

design and standardization) may hamper the functioning of 

a second use ecosystem. 

Car 

dismantlers 

Low – No explicit requirements 

for second use, but it is an 

opportunity for dismantlers to 

participate in the second use 
ecosystem given their position 

and low risk. 

Medium – Have control over the batteries after consumption 

and decide where to channel them in the chain (e.g. directly 

to recycling) and have a low-risk incentive to direct them to 

a second use ecosystem whenever there is a value arbitrage. 

High – A small share of the car dismantlers who possess the 

LIBs when the EV consumers sold/ delivered it to them sell 

it to individuals/ organizations without experience and skills 

to handle the LIBs. This can be a safety risk and resulting 

reputation damage for the whole ecosystem. They are 

marked with a grey sub-sector in Figure 12. 

Battery 

repurposer 

High - Second use is a necessity 

for the repurposer. 

High – The success of the ecosystem is dependent on the 

possibility of efficient repurposing. 

System 

integrators 

Medium - As long as there is a 

price difference between new and 

spent batteries (i.e., the latter is 

cheaper), there is a dependence. 

Medium – The willingness to contribute to the ecosystems 

exists as long as there is a demand for ESS and the price 

difference prevails. Given that there are quality assurance 

systems for second use LIBs. 

Grid owners 

and operators 

Medium – As long as there is a 

price difference between new and 

spent batteries (i.e., the latter is 

cheaper), there is a dependence. 

Medium – The demand (business case) for stationary ESS 

exists, but the market is yet to take off. 
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Figure 12: Ecosystem Pie Model of electric vehicle lithium-ion battery second use community.



 

 

 

6 Battery ownership and circular business model discussions 

At least, in the beginning, it is expected that the supply of retired batteries will be the limiting factor for 

both the recycling and second use of them rather than the applications in which they or their constituent 

materials can go. Therefore, one pressing question revolves around the ownership of the LIB at EOL. 

Among others, the choice of business model is expected to have implications for the ownership and 

hence the controllability of EOL LIBs. In this Section, some aspects of this phenomenon are discussed, 

including battery ownership models, stakeholders, and business models for sustainable EOL 

management, drivers and barriers for circularity of LIBs, and perspectives on second use practice. 

6.1 Battery ownership models  

Figure 13 illustrates the three recognized battery ownership models for EV batteries. Who owns the LIB 

will affect the business ecosystem and business models, including partners and infrastructure. Time of 

LIB retirement is another dimension influenced. This can be determined by time in years (calendar life), 

battery State of Health (SOH), or consumer behavior related to the battery application (e.g., an EV). 

Which factor determines the lifetime in the (first) application is likely affected by the battery ownership 

model [38], illustrated in Figure 13.  

 

 

Figure 13: Alternative battery ownership models for electric vehicle batteries based on [38]. 

Alternative owners marked grey. 

If an EV manufacturer (model 1) or a third party (model 2) own the battery, a leasing agreement is 

organized with the EV consumer, who rent the EV and battery. In these cases, the battery SOH or 
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calendar lifetime can determine when it retires from the first application. Applying models 1 and 2 may 

increase the predictability of timing for actors in the business ecosystem.  

6.1.1 Hybrid ownership model 

A hybrid ownership model, illustrated in Figure 14, could be an alternative where the EV manufacturer 

offers battery maintenance service and an EOL contract agreement with the EV owner. This purposely 

will increase control of the battery and collection rate without owning it. A Chinese case company is 

presented with this model in a study by Jiao and Evans (2016). A hybrid model can open the opportunity 

to track and record data for each battery if the battery is provided with an identifier.  

 

 

Figure 14: A hybrid battery ownership model for electric vehicle batteries based on [40] and [38]. 

Owner marked grey. 

The nationwide Norwegian deposit system for non-refillable beverage cans is an example from another 

industry on how to increase control of collection rates of a product without owning it. In this recycling 

system, the consumer purchases the beverage and pays the extra deposit price they will receive in return 

when delivering the bottles and cans [41].  

6.1.2 Future ownership 

None of the sources interviewed (Section 9.1) believe that the battery ownership model will change 

from the EV owner or third party to the manufacturer. For Norway, such a shift in ownership model 

would lead to a less complete and effective deposit system, as this is based on EV owner ownership. If 

EV producers own the battery, about half of the economic value could be lost for car dismantlers, and 

the entire system (illustrated in Figure 4) would be challenged. 
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What is expected to change in the near future, is the EV producers’ increased interest in and control of 

the spent EV batteries. Currently, their primary focus is on the organizational and technological shift 

(e.g., human skills and knowledge) from ICE powered to electric vehicles. The battery ownership model 

is a feature of the OEM’s business model and will influence the EV and battery value chains, which is 

a significant decision.  

6.2 Stakeholders for end-of-life management 

Figure 15 presents the perceived importance of various stakeholders for EOL management of LIBs. The 

list of stakeholders was modified by the expert panel in the Delphi study before they ranked them on a 

Likert scale from 1 to 6 (1 means “not important at all” and 6 means “very important”). 

 

 

Figure 15: Stakeholders perceived importance for lithium-ion batteries end-of-life management. 

6.3 Circular business models for lithium-ion batteries 

As a part of the Delphi study described in Section 2.4 [20], various battery experts were requested to 

rank circular business models based on their potential to recapture value from spent LIBs. The panel 

modified the list before they ranked them; thus, some were proposed by the experts. The two business 

models for spent LIBs that were ranked the highest include activities related to second use. The third 

only includes battery recycling.  

Suitable business models are needed to capture, create, and deliver value from technology such as LIBs. 

Thus, the type of model can largely influence economic viability. For example, if a third party owns the 

battery and rent it out to different customers, namely a product-as-a-service business model, this model 
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can affect profits by creating more economic value per battery (Bocken et al., 2014). However, 

depending on consumer behavior, this model can lead to more cycles per calendar year, leading to a 

shorter battery lifetime (Martinez-Laserna et al., 2018). 

6.4 Drivers and barriers for circular business models 

Figure 16 presents drivers for upscaling circular business models for spent LIBs (i.e., to enable improved 

recycling and/or second use). The list of drivers was modified by the expert panel in the Delphi study 

before they ranked them on a Likert scale from 1 to 6 (1 means “not important at all” and 6 means “very 

important”). The results indicate that regulations that benefit the economic viability of second use 

batteries and improved recycling rates are currently the most important to upscale circular practice. 

 

 

Figure 16: Drivers for circular business models of lithium-ion batteries. 

Figure 17 presents barriers for upscaling circular business models for spent LIBs. The list of barriers 

was modified by the expert panel in the Delphi study before they ranked them on a Likert scale from 1 

to 6 (1 means “not important at all” and 6 means “very important”).  
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Figure 17:  Barriers importance for circular business models of lithium-ion batteries. 

Table 4 presents highlighted sustainability dilemmas for LIBs and innovations needed to increase 

sustainability (i.e., profitable while environmentally and socially friendly). The lists show merged 

results of various suggestions from the expert panel in the Delphi study.  

Table 4: Sustainability dilemmas and innovations for lithium-ion batteries mentioned by the panel. 

Sustainability dilemmas for LIBs Innovations needed to increase sustainability 

• Highly energy consuming manufacturing 

processes 

• Availability of sustainably produced raw 

materials 

• Lack of sustainable recycling technologies 

and infrastructures 

• Transportation challenges due to 

geographical dominances 

• Safety concerns 

• Increase battery capacity and lifetime 

• Design for remanufacturing, second use, and 

recycling 

• Shared ownership models (LIB as a service) 

• Reduce size and price 

 

6.5 Perspectives on second use 

All information sources are uncertain regarding the share of LIBs repurposed for second use before 

recycling or if most will be directed directly to recycling. As previously indicated, there are potential 
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opportunities and challenges (or even barriers) with second use of LIBs. This section discusses a few 

relevant topics.  

Table 5: To the left, an ESS of spent EV LIBs with the battery pack in the bottom. To the right, a closer 

look at the battery pack [photos: Bernhard Fässler at the University of Agder]. 

  

In the bottom, a battery energy storage system 

with BMS, connected to the AC/DC converter. 

The grey box on the left side is the switch 

cabinet with fuses and the connector (red plug) 

to the grid. 

A closer look at the battery in the bottom, these 

are seven Nissan Leaf modules combined to a 

new battery energy storage system. The black box 

on top is the BMS. 

 

 

6.5.1 Volumes and access  

There are, as of now, no regulations that force or directly encourage second use of LIBs. However, 

OEMs in Europe must today ensure that 50% of the total weight of the battery is recycled. Furthermore, 

by 2030, guarantee that a given percentage of several EV battery materials must be recycled [14]. Future 

recycling initiatives will affect LIB volumes that will first be repurposed before recycling or directly 

recycling after consumption. This EOL system is complex and influenced by several factors, such as 

demand for and prices of virgin raw materials, and increasingly by demand and prices for secondary 

raw materials. 
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Furthermore, another unpredictable factor to second use LIB volumes is that the car dismantlers possess 

the LIBs when the EV consumers sold or delivered it to them. This can be a risk for the predictability 

of the ecosystem as they ultimately choose the customer. Additionally, a small share of dismantlers sells 

it to individuals/ organizations without experience and skills to handle the LIBs, which can be a safety 

risk and resulting reputation damage for the whole ecosystem. The insurance company chooses which 

car dismantler to sell the cars to when there is a defect. 

One daring source estimated (based on personal belief) that, with future spent LIB volumes, the share 

of retired batteries repurposed will be around 20-30%, but not above 50%.  

The LIB battery pack is built up of modules, and the modules consist of cells. Spent LIBs can be 

repurposed at the pack, module, or cell level. Sources suggested by the informants to access second use 

batteries at pack, module, or cell level are shown in Table 6. 

Table 6: Sources to access second use of electric vehicle batteries. 

Source of second use battery Who controls the battery 

When the battery has a defect before the warranty 

is expired 
Car importer or insurance company 

When the electric vehicle reaches end-of-life, and 

the warranty is expired 

Electric vehicle owner, car- or battery dismantler 

Damaged batteries are typically sent to a battery 

dismantler in Norway 

Battery dismantler 

Spent LIBs sold and exported abroad Car- or battery dismantler 

 

Table 8 presents the requirements for sustainable collection practice and actors that can fulfill these. 

Thus, who should be collecting the spent LIBs. The requirements and actors are based on what was 

mentioned in the Delphi panel study.  
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Table 7: Who should manage the collection of spent LIBs, according to the expert panel. 

Requirements for sustainable collection practice Actors that fulfill these 

• Knowledge  

• High battery volumes to achieve economically 

viable businesses 

• Meet high environmental standards 

• Professional logistics companies 

• Recyclers 

• Manufacturers 

 

 

When the volumes of spent LIBs are available on the market is another dimension. Sources recently 

indicate that the EV battery capacity will sustain longer than previously expected. However, consumer 

preferences can also influence when the EV is retired and, thus, when the battery is.  

6.5.2 Responsibility and risk 

Current regulations in Europe on extended producer responsibility make EV manufacturers who put the 

LIBs on the market responsible for managing and recycling battery waste after consumption. Therefore, 

there are currently a few unsolved issues regarding responsibility in the LIB second use practice: 

• Who should be responsible for the quality and security of second use LIBs? 

• Who will pay the cost of recycling after the second use? 

Potential solutions: 

• A repurposed LIB is no longer considered waste. The repurposer who puts the battery pack on the 

second use market will be responsible for it during and after second use. 

• A contract that withdraws responsibility from EV manufacturer. 

• EV manufacturer partly- or wholly-owns one or more subsidiaries that manages the second use 

value chain, reusing and repurposing their EV batteries.  

• Shift from EV owner to EV manufacturer owner or adopt a hybrid battery ownership model (Figure 

14), i.e., the manufacturer manages a financially safe second use value chain with minimized risk. 

This requires increased control over the batteries and a quality assurance system. It may also involve 

individual battery identifiers, e.g., QR codes.  

If the battery value chain contributes to enabling second use of LIBs, there is a risk for battery cell 

manufacturers to experience that the spent LIBs "cannibalize" sales. That is if spent LIBs can sincerely 

compete with new. As a result, battery cell manufacturers may experience decreased demand for new 

batteries [10]. However, this claim is uncertain as the demand for LIBs is expected to increase 

substantially [2], and second use batteries can lead to higher consumption of batteries rather than 



40 

replacing new ones4 [43]. This depends, among other factors, on future battery prices and consumer 

behavior.  

6.5.3 Economic viability 

Several sources are uncertain if a second use battery pack can compete with a new one. The price of 

new versus spent LIBs is one of the most frequently highlighted factors that will affect the share of spent 

LIBs repurposed or sent directly to recycling. Figure 18 shows the result from a multi-scenario 

simulation study by Zhang et al. [44] that looked at the net present value (in a million Chinese Yuan) of 

second use EV batteries and new over time. As illustrated, the costs of new EV batteries are expected 

to decrease.  

 

Figure 18: Comparison of net present value (in a million Chinese Yuan) of second use and new 

battery energy storage system over time (adapted from Zhang et al., 2020). 

Costs of processing spent batteries must be minimized to compete with new batteries. One of the sources 

argued that 50% of all second use LIB costs are related to dismantling processes and the battery 

management system. Thus, reusing or repurposing the entire battery pack rather than dismantling it to a 

module or cell level can save costs. However, this requires cooperation with the EV manufacturer to 

access battery data from the battery management system.  

Stationary energy storage systems connected to the grid are in many cases not considered as profitable 

in Norway as in other countries with higher electricity prices and fluctuations in prices. Also, the fee of 

 

4 The inability of secondary products to replace new, in addition to price effects that will further 

enhance the effect, are recognized as "circular economy rebound" by Zink and Geyer [43]. 
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connecting to the grid is a cost that needs to be accounted for when investigating the economic viability 

of grid-connected energy storage systems [45]. As a result, several (or most) of the current second use 

projects in Norway are not commercial but encouraged by R&D. However, a few projects in Norway 

were motivated by profit. One example mentioned was a ferry on the west coast that found it cheaper to 

install a battery pack of retired EV batteries to access electricity compared to connecting to the grid.  

Currently, the demand from other European countries is considered higher than the supply of spent EV 

batteries. One example was mentioned, where an actor abroad desired a contract agreement to secure 

the supply of spent EV batteries from Norway. In this case, similar to the ferry case, it was considered 

cheaper to invest in a battery storage system compared to connecting to the grid. This benefit was even 

more apparent when the actor would have to expand grid infrastructure to access electricity. 

In conclusion, the economic viability of second use LIBs in the future is challenging to predict as the 

EOL system depends on several unknown factors. Nevertheless, second use batteries must compete with 

new on price. The majority of the sources argue that regulations that enhance the economic viability of 

second use practice are needed. However, there is currently a consensus among stakeholders and the 

European Commission that second use of batteries will be driven by market forces and not regulations 

[13].  

 

  



42 

7 Further research 

In this report, the business ecosystem models are explorative studies that are dynamic over time as 

they develop and shape future business opportunities and challenges. These ecosystems included 

actors at a firm-level and did not include system changers such as regulators (e.g., EU and national 

government agencies) and research institutions. This approach, however, may be added or integrated 

into future work on ecosystem modeling.  

EU’s new regulatory framework for batteries was released in December 2020 and contained 

regulations that may affect the proposed business ecosystems and circular business models. For 

example, as LIB recycling targets are changed to percentage per material instead of total battery 

weight, this may impact dependencies and risks among the ecosystem actors. An update of the 

ecosystems can be done after the new regulatory framework is processed by industry to compare them 

before and after its implementation to detect effects of regulations. To further enhance the robustness 

and details of the ecosystems proposed, future research can also conduct quantitative surveys to 

receive further valuable inputs from project partners and informants.  

An ongoing study, including techno-economic assessments, is relevant to work package 2 in terms of 

the economic viability of repurposing EV LIBs. This simulation study includes a case company and 

assesses potential profits given different conditions (e.g., location and climate) for two grid-connected 

battery energy storage systems.  

Future research will also consider the environmental aspect of second use and recycling processes. 

Firstly, a systematic literature review will be done to identify existing relevant studies assessing the 

environmental impacts of such a circular practice. This will include an overview of existing (and 

future) recycling technologies from a climate- and environmental perspective. Furthermore, the 

mechanisms involved will be studied using a Life Cycle Assessment (LCA) approach to attain a 

system understanding of environmental impacts. For example, this will include the consideration of 

what (if any) a second use battery can substitute. Attained insights from this and other BATMAN 

reports will be a valuable basis for this research. A quantitative LCA study may also be relevant. 

 

  



43 

8 Acknowledgments 

The authors gratefully acknowledge all partners in the BATMAN project (Lithium ion BATteries - 

Norwegian opportunities within sustainable end-of-life MANagement, reuse and new material 

streams) and other informants for sharing their LIB business- and value chain perspectives. A special 

thanks to Stephen Sayfritz for coordinating and contributing to discussions and information sharing 

between the University of Agder and various ecosystem actors. Thanks to the advisory board of the 

project and Bernhard Fässler for their valuable contributions. Yet as always, all the remaining 

mistakes are the authors’ own. 

The report is partly funded by the BATMAN project, funded by the Norwegian Research Council and 

partners (NFR: BATMAN – 299334). This report is the three first deliverables in the work package 2 

– Business Analysis. 

Another version of this report for the internal use within the BATMAN consortium exists.  

 

 

 

 

  



44 

9 Sources 

9.1 List of interviews 

System integrator/ repurposer, December 2019 and online in November 2020  

Battery dismantler/ EPR organization, January 2020 and online in November 2020  

System integrator/ repurposer, January 2020   

Webinar, November 2020   

Researcher in batteries, online, November 2020   

System integrator/ repurposer, November 2020   

Repurposer, online, November 2020   

EPR organization, online, November 2020   

Metal company, online, November 2020   

System integrator/ component, online, November 2020   

Dismantler/ recycler, online, November 2020   

Car importers representative, online, November 2020   

Car dismantlers representative, online, November 2020  

9.2 Other sources 

[1] A. Opitz, P. Badami, L. Shen, K. Vignarooban, and A. M. Kannan, “Can Li-Ion batteries be the 

panacea for automotive applications?,” Renewable and Sustainable Energy Reviews, vol. 68. 

Elsevier Ltd, pp. 685–692, Feb. 2017, doi: 10.1016/j.rser.2016.10.019. 

[2] K. M. Winslow, S. J. Laux, and T. G. Townsend, “A review on the growing concern and potential 

management strategies of waste lithium-ion batteries,” Resour. Conserv. Recycl., vol. 129, pp. 

263–277, Feb. 2018, doi: 10.1016/J.RESCONREC.2017.11.001. 

[3] J. Heelan et al., “Current and prospective Li-ion battery recycling and recovery processes,” J. 

Miner. Met. Mater. Soc., vol. 68, no. 10, pp. 2632–2638, 2016. 

[4] L. Ahmadi, A. Yip, M. Fowler, S. B. Young, and R. A. Fraser, “Environmental feasibility of re-

use of electric vehicle batteries,” Sustain. Energy Technol. Assessments, vol. 6, pp. 64–74, 2014, 

doi: https://doi.org/10.1016/j.seta.2014.01.006. 

[5] European Commission, “COMMISSION STAFF WORKING DOCUMENT on the evaluation 

of the Directive 2006/66/EC on batteries and accumulators and waste batteries and accumulators 

and repealing Directive 91/157/EEC,” Brussels, 2019. [Online]. Available: 

https://ec.europa.eu/environment/waste/batteries/pdf/evaluation_report_batteries_directive.pdf. 

[6] D. Kamath, R. Arsenault, H. C. Kim, and A. Anctil, “Economic and Environmental Feasibility 



45 

of Second-Life Lithium-Ion Batteries as Fast-Charging Energy Storage,” Environ. Sci. Technol., 

vol. 54, no. 11, pp. 6878–6887, Jun. 2020, doi: 10.1021/acs.est.9b05883. 

[7] L. Olsson, S. Fallahi, M. Schnurr, D. Diener, and P. Van Loon, “Circular business models for 

extended EV battery life,” Batteries, vol. 4, no. 4, p. 57, 2018. 

[8] M. O. Skare, J. Wind, and H. Flåten Andersen, “LIB Technology Mapping Report - by IFE,” 

2019. 

[9] World Economic Forum, “A Vision for a Sustainable Battery Value Chain in 2030 Unlocking 

the Full Potential to Power Sustainable Development and Climate Change Mitigation,” 

Cologny/Geneva, 2019. [Online]. Available: www.weforum.org. 

[10] N. Niese, C. Pieper, A. Aakash, and X. Alex, “The Case for a Circular Economy in Electric 

Vehicle Batteries,” 2020. 

[11] N. Campagnol, “From mine to car: Fully integrating Europe’s supply lines - A McKinsey report,” 

2019, no. September. 

[12] E. Figenbaum, R. J. Thorne, A. Helene, A. Daniel, R. Pinchasik, and L. Fridstrøm, From Market 

Penetration to Vehicle Scrappage. The Movement of Li-Ion Batteries through the Norwegian 

Transport Sector. 2020. 

[13] T. Birkeland and S. Torjesen, “Lithium ion batteries: Select policy trends in the European Union 

- by University of Agder,” 2020. 

[14] European Commission, “Proposal for a REGULATION OF THE EUROPEAN PARLIAMENT 

AND OF THE COUNCIL concerning batteries and waste batteries, repealing Directive 

2006/66/EC and amending Regulation (EU) No 2019/1020,” Brussels, 2020. 

[15] L. D. W. Thomas and E. Autio, “Innovation Ecosystems in Management: An Organizing 

Typology.” Oxford University Press, 2020, doi: 10.1093/acrefore/9780190224851.013.203. 

[16] R. Adner, “Ecosystem as Structure: An Actionable Construct for Strategy,” J. Manage., vol. 43, 

no. 1, pp. 39–58, 2017, doi: 10.1177/0149206316678451. 

[17] M. Talmar, B. Walrave, K. S. Podoynitsyna, J. Holmström, and A. G. L. Romme, “Mapping, 

analyzing and designing innovation ecosystems: The Ecosystem Pie Model,” Long Range 

Plann., vol. 53, no. 4, pp. 0–1, 2020, doi: 10.1016/j.lrp.2018.09.002. 

[18] M. Talmar, B. Walrave, K. S. Podoynitsyna, J. Holmström, and A. G. L. Romme, “Ecosystem 

Pie Model: METHODOLOGICAL GUIDELINES FOR THE QUALITATIVE MODELING OF 

INNOVATION ECOSYSTEMS,” Methodol. Guidel., 2018, [Online]. Available: 

https://www.ecosystempie.com/guidelines.pdf. 

[19] M. Geissdoerfer, M. P. P. Pieroni, D. C. A. Pigosso, and K. Soufani, “Circular business models: 



46 

A review,” J. Clean. Prod., vol. 277, p. 123741, 2020, doi: 

https://doi.org/10.1016/j.jclepro.2020.123741. 

[20] B. Wrålsen, V. Prieto-sandoval, A. Mejia-villa, R. O’Born, M. Hellström, and B. Faessler, 

“Circular Business Models and the Challenges of Recapturing Value from Lithium-ion Batteries: 

A Delphi Approach,” Submitted. 

[21] M. Ierides et al., “Advanced Materials for Clean and Sustainable Energy and Mobility,” 2019. 

[22] N. Elbilforening, “Statistikk elbil,” 2020. https://elbil.no/elbilstatistikk/ (accessed Nov. 23, 

2020). 

[23] Norges Automobil-Forbund, “Sjekk hva garantien egentlig inneholder.” 

https://www.naf.no/kjop-og-salg/kjope-bil/bilkjop-med-garanti/ (accessed Dec. 03, 2020). 

[24] The Economist, “Electric cars: The death of the internal combustion engine,” Aug. 12, 2017. 

[25] R. D. Reitz et al., “IJER editorial: The future of the internal combustion engine,” Int. J. Engine 

Res., vol. 21, no. 1, pp. 3–10, Sep. 2019, doi: 10.1177/1468087419877990. 

[26] K. Kuhlmann, S. Wolf, C. Pieper, G. Xu, and J. Ahmad, “The Future of Battery Production for 

Electric Vehicles,” 2018. 

[27] D. Paulikas, S. Katona, E. Ilaves, G. Stone, and A. O’Sullivan, “Where should metals for the 

green transition come from?,” 2020. [Online]. Available: https://3421n927z6wq3ktzng37wbqk-

wpengine.netdna-ssl.com/wp-content/uploads/2020/04/LCA-White-Paper_Where-Should-

Metals-for-the-Green-Transition-Come-From_FINAL_low-res.pdf. 

[28] D. Hall and N. Lutsey, “Effects of battery manufacturing on electric vehicle life-cycle 

greenhouse gas emissions,” ICCT Brief., no. February, p. 12, 2018, [Online]. Available: 

https://www.theicct.org/sites/default/files/publications/EV-life-cycle-GHG_ICCT-

Briefing_09022018_vF.pdf. 

[29] L. Brückner, J. Frank, and T. Elwert, “Industrial recycling of lithium-ion batteries—A critical 

review of metallurgical process routes,” Metals (Basel)., vol. 10, no. 8, pp. 1–29, 2020, doi: 

10.3390/met10081107. 

[30] PTV and COWI, “The Oslo study – how autonomous cars may change transport in cities,” no. 

April, p. 79, 2019. 

[31] J. Miller, “German automakers do U-turn on car-sharing push,” Financial Times, pp. 1–6, 2019. 

[32] M. Andersson, M. Ljunggren Söderman, and B. A. Sandén, “Lessons from a century of 

innovating car recycling value chains,” Environ. Innov. Soc. Transitions, vol. 25, pp. 142–157, 

2017, doi: https://doi.org/10.1016/j.eist.2017.03.001. 



47 

[33] H. E. Melin, “State-of-the-art- in reuse and recycling of lithium-ion batteries – a research 

review,” 2019. https://www.energimyndigheten.se/globalassets/forskning--

innovation/overgripande/state-of-the-art-in-reuse-and-recycling-of-lithium-ion-batteries-

2019.pdf. 

[34] M. Andersson, M. Ljunggren Söderman, and B. A. Sandén, “Challenges of recycling multiple 

scarce metals: The case of Swedish ELV and WEEE recycling,” Resour. Policy, vol. 63, p. 

101403, 2019, doi: https://doi.org/10.1016/j.resourpol.2019.101403. 

[35] G. Harper et al., “Recycling lithium-ion batteries from electric vehicles,” Nature, vol. 575, no. 

7781, pp. 75–86, 2019, doi: 10.1038/s41586-019-1682-5. 

[36] K. Alajoutsijärvi, T. Mainela, and P. Ulkuniemi, “Dynamic effects of business cycles on business 

relationships,” Manag. Decis., vol. 50, no. 2, pp. 291–304, 2012, doi: 

10.1108/00251741211203579. 

[37] L. Wagner, “Chapter 27 - Overview of Energy Storage Technologies,” T. M. B. T.-F. E. (Second 

E. Letcher, Ed. Boston: Elsevier, 2014, pp. 613–631. 

[38] E. Martinez-Laserna et al., “Battery second life: Hype, hope or reality? A critical review of the 

state of the art,” Renew. Sustain. Energy Rev., vol. 93, pp. 701–718, 2018, doi: 

https://doi.org/10.1016/j.rser.2018.04.035. 

[39] G. Reid and J. Julve, “Second Life-Batteries As Flexible Storage For Renewables Energies,” 

2016. 

[40] N. Jiao and S. Evans, “Secondary use of Electric Vehicle Batteries and Potential Impacts on 

Business Models,” J. Ind. Prod. Eng., vol. 33, no. 5, pp. 348–354, 2016, doi: 

10.1080/21681015.2016.1172125. 

[41] Infinitum, “Norway’s deposit system for refunadable packaging,” 2020. 

https://infinitum.no/english/how-to-join-norways-refundable-deposit-system-for-refundable-

packaging (accessed Nov. 20, 2020). 

[42] D. A. Vermunt, S. O. Negro, P. A. Verweij, D. V Kuppens, and M. P. Hekkert, “Exploring 

barriers to implementing different circular business models,” J. Clean. Prod., vol. 222, pp. 891–

902, 2019. 

[43] T. Zink and R. Geyer, “Circular Economy Rebound,” J. Ind. Ecol., vol. 21, no. 3, pp. 593–602, 

Jun. 2017, doi: 10.1111/jiec.12545. 

[44] L. Zhang, Y. Liu, B. Pang, B. Sun, and A. Kokko, “Second Use Value of China’s New Energy 

Vehicle Battery: A View Based on Multi-Scenario Simulation,” Sustainability, vol. 12, no. 1, p. 

341, Jan. 2020, doi: 10.3390/su12010341. 



48 

[45] NVE, “Anleggsbidrag,” 2020. 

https://www.nve.no/reguleringsmyndigheten/nettjenester/nettilknytning/anleggsbidrag/ 

(accessed Nov. 24, 2020). 

 

 


