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Abstract 

The increasing generation of end-of-life vehicle lead-acid batteries (LABs) presents significant environmental and resource-

management challenges, while also creating opportunities for circular economy (CE) implementation. Although LABs are highly 

recyclable, circular practices in developing countries remain constrained by economic, institutional, and organizational barriers. 

This study aims to identify suitable circular strategies for vehicle LABs in Ethiopia, determine the key factors influencing the 

adoption of circular business models (CBMs), and develop a context-specific CBM for extending battery value and reducing 

waste. A mixed-method approach was employed, combining expert interviews, thematic analysis, cost-benefit assessment, Grey-

Decision-Making Trial and Evaluation Laboratory (Grey-DEMATEL) analysis, and the Circular Business Model Canvas 

framework. Three circular strategies were identified as particularly relevant to the Ethiopian context: repair for reuse, 

repurposing, and recycling. Analysis of 23 adoption factors using Grey-DEMATEL identified four critical factors with the 

greatest influence on CBM adoption: the lack of business models incorporating take-back systems, high costs of handling and 

processing, inadequate communication and coordination among stakeholders, and insufficient supportive government policies. 

Based on these findings, a Circular Business Model Canvas was developed to integrate repair, repurposing, and recycling 

strategies within the vehicle LAB value chain. The proposed model provides a context-specific framework for extending battery 

service life, recovering material value, reducing waste, and strengthening resource efficiency. The study contributes to the 

emerging literature on circular business models in developing economies and provides practical insights for policymakers, battery 

businesses, recyclers, and other stakeholders seeking to establish a more sustainable and circular vehicle battery system in 

Ethiopia. 
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1. Introduction 

1.1. Background 

The transition toward sustainable energy and transportation 

systems is increasing the demand for rechargeable batteries 

worldwide. Despite the rapid growth of lithium-ion battery 

technologies, lead-acid batteries (LABs) continue to play an 

important role in automotive applications because of their rel-

atively low cost, reliability, high power capability, and estab-

lished manufacturing and recycling infrastructure [1]. Their 

continued use, however, generates increasing quantities of 

spent batteries and raises concerns regarding resource recov-

ery, hazardous waste management, and environmental protec-

tion. LABs contain valuable materials, particularly lead and 

plastics, while improper handling can release hazardous sub-

stances and contaminate soil, water, and air. Effective man-

agement therefore requires approaches that retain product, 

component, and material value for as long as possible rather 

than relying solely on conventional end-of-life disposal [2]. 

The circular economy (CE) provides a framework for 

achieving this transition by reducing resource consumption 

and waste generation and keeping products and materials in 

productive use [3]. Circular business models (CBMs) translate 

these principles into business practice by creating, delivering, 

and capturing value while maintaining products, components, 

and materials within productive cycles [4]. For LABs, circular 

strategies can be implemented at different levels of the value-

retention hierarchy. Repair for reuse can extend battery service 

life, repurposing can provide second-life applications when 

batteries are no longer suitable for their original use, and re-

cycling can recover valuable materials from batteries at the 

end of their useful life [5]. These strategies can complement 

one another by retaining value at different stages of the battery 

life cycle. 

However, the adoption of circular strategies depends not 

only on technical feasibility but also on the interactions among 

organizational, technological, economic, supply-chain, envi-

ronmental, political, and socio-cultural factors. In particular, 

ineffective take-back mechanisms can restrict the collection of 

spent batteries, while high handling, transportation, recovery, 

and labor costs can reduce economic feasibility. Weak com-

munication and coordination among value-chain actors and 

inadequate government policies and institutional support can 

further constrain the development of integrated circular value 

chains. These challenges are particularly significant in devel-

oping countries, where infrastructure, financial resources, in-

stitutional capacity, and market coordination may be limited. 

Although previous studies have addressed battery recycling 

and circular economy practices, the literature has given com-

paratively limited attention to integrated circular business 

models for vehicle LABs in developing-country contexts, par-

ticularly models that consider repair for reuse, repurposing, 

and recycling together while also examining the factors influ-

encing their adoption. Ethiopia provides a relevant context be-

cause increasing vehicle use is accompanied by challenges in 

the collection, reuse, recovery, and environmentally sound 

management of spent LABs. At the same time, opportunities 

exist to develop domestic value chains based on battery repair, 

second-life applications, and material recovery. 

Against this background, this study aims to develop a cir-

cular business model for vehicle LABs in Ethiopia. Specifi-

cally, the study seeks to: (1) identify suitable circular strate-

gies for extending and recovering the value of vehicle LABs; 

(2) identify and prioritize factors influencing CBM adoption; 

and (3) develop a context-specific CBM integrating the iden-

tified strategies within the Ethiopian vehicle LAB value chain. 

The study makes three main contributions. First, it identi-

fies circular strategies relevant to vehicle LAB management 

in Ethiopia, focusing on repair for reuse, repurposing, and re-

cycling. Second, it applies Grey-DEMATEL to examine the 

interrelationships among CBM adoption factors and identify 

priority factors based on their systemic influence. Third, the 

findings are translated into a Circular Business Model Canvas 

that links circular strategies and adoption factors to value cre-

ation, delivery, and capture. The resulting framework provides 

practical insights for policymakers, battery businesses, repair 

enterprises, recyclers, and other stakeholders seeking to 

strengthen circularity in the Ethiopian vehicle LAB value 

chain. 

This paper builds on the author’s Master’s thesis, with sub-

stantial rewriting, updating, and reanalysis of the data to pre-

sent the findings to a broader audience [6]. 

1.2. Problem Statement 

The circular economy for vehicle lead-acid batteries (LABs) 

in Ethiopia remains at an early stage despite the presence of 

domestic battery manufacturing and recycling industries. The 

sector is characterized by low-capacity utilization, limited 

stakeholder collaboration, insufficient information on battery 

flows, and economic constraints that hinder the adoption of 

effective circular strategies. Although substantial quantities of 

LABs are available in the Ethiopian market, domestic indus-

tries utilize only a portion of the available end-of-life battery 

resources, while significant quantities of battery scrap are ex-

ported to neighboring countries. 

The sector also relies predominantly on recycling, with lim-

ited application of higher-value strategies such as repair for 

reuse and repurposing. Recycling activities mainly focus on 

lead recovery, while other potentially valuable materials, in-

cluding plastics and rubber, receive limited attention. This 

fragmented approach restricts resource recovery, limits value-

creation opportunities, and reduces the competitiveness of do-

mestic LAB industries. 

Therefore, an integrated circular business model is needed 

to identify appropriate value-retention strategies, address the 
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factors constraining their adoption, and improve resource ef-

ficiency and value creation across the vehicle LAB value 

chain in Ethiopia. 

1.3. Research Questions 

What circular strategies are potential for increasing value 

retention and supporting the circular economy of vehicle lead-

acid batteries? 

What are the most influential factors affecting the adoption 

of CBM for LABs? 

How can the identified circular strategies and adoption fac-

tors be integrated into a context-specific circular business 

model for vehicle lead-acid batteries? 

1.4. Objectives 

1.4.1. General Objective 

The general objective of this study is to develop a context-

specific circular business model for vehicle lead-acid batteries 

that enhances value creation, delivery, and capture while pro-

moting resource efficiency, environmental sustainability, and 

economic viability. 

1.4.2. Specific Objectives 

To identify potential circular strategies which can create 

and capture more value in the development of a circular busi-

ness model. 

To identify and prioritize the most influential factors affect-

ing the adoption of circular business models for vehicle lead-

acid batteries. 

To develop a circular business model that integrates the 

identified circular strategies and adoption factors for vehicle 

lead-acid batteries. 

1.5. Scope 

This study focuses on developing a circular business model 

for vehicle lead-acid batteries (LABs) in Ethiopia, with em-

phasis on three circular strategies: repair for reuse, repurpos-

ing, and recycling. The industry scope covers one active LAB 

manufacturing industry and two lead-metal recycling indus-

tries in Ethiopia. The study considers the economic, organiza-

tional, stakeholder, and institutional factors relevant to imple-

menting these strategies and developing a context-specific cir-

cular business model. The findings and recommendations are 

therefore specific to the Ethiopian vehicle LAB value chain. 

2. Literature Review 

2.1. Circular Economy and Circular Strategies 

The circular economy (CE) is an economic approach that 

seeks to reduce resource consumption and waste generation 

by maintaining products, components, and materials in use for 

as long as possible while minimizing environmental impacts 

[7, 8]. Unlike the linear “take-make-dispose” model, CE pro-

motes resource efficiency, product longevity, reuse, repair, re-

purposing, and recycling and requires changes in technologies, 

value-chain relationships, information systems, and business 

models [9-11]. 

Circular strategies differ in their ability to retain product 

and material value. Repair and reuse generally preserve higher 

value than recycling, while repurposing enables products or 

components to serve alternative applications. Recycling is 

particularly relevant when further product or component use 

is technically or economically infeasible [12, 22]. For vehicle 

LABs, this study focuses on repair for reuse, repurposing, and 

recycling as complementary strategies for retaining value 

throughout the battery life cycle. 

2.2. Circular Economy of Vehicle Lead-Acid 

Batteries 

Vehicle LABs remain widely used because of their durabil-

ity, reliability, relatively low cost, and established recycling 

infrastructure [13]. However, spent LABs contain lead, sulfu-

ric acid, plastics, and other materials that require appropriate 

management because of their environmental risks [13, 14]. 

These materials also represent valuable secondary resources. 

Existing LAB circularity research has focused predomi-

nantly on recycling, including battery breaking, separation, 

metallurgical processing, and recovery of lead and other ma-

terials [14-16]. Comparatively less attention has been given to 

repair and second-life applications, particularly for conven-

tional automotive LABs [17, 18]. Since LABs contain lead al-

loys, lead paste, polymeric components, and electrolyte [15, 

17, 18], circular management should consider opportunities to 

retain product value before material recovery and to recover 

multiple material streams at end of life. 

Accordingly, an integrated approach combining repair for 

reuse, repurposing, and recycling can provide sequential path-

ways for value retention, extending battery service life before 

final material recovery. 

2.3. Circular Business Models for Vehicle 

Batteries 

Circular business models (CBMs) translate CE principles 

into business practice by enabling organizations to create, de-

liver, and capture value while retaining products, components, 

and materials within productive cycles [21]. Relevant ap-

proaches for vehicle batteries include product-life-extension 

models, second-life applications, closed-loop recycling, and 

take-back systems [18, 19, 21]. 

Unlike linear business models, CBMs require mechanisms 

for reverse flows, take-back, service relationships, stakeholder 

collaboration, and alternative value-capture mechanisms. For 

LABs, integrating repair for reuse, repurposing, and recycling 
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can create value through extended product use, secondary ap-

plications, repair services, and material recovery. However, 

implementation depends on economic, organizational, techno-

logical, institutional, and supply-chain conditions. 

2.4. Factors Affecting the Adoption of Circular 

Business Models 

CBM adoption is influenced by multiple interrelated organ-

izational, technological, economic, supply-chain, environ-

mental, political, and socio-cultural factors [20, 23, 24]. The 

factors identified from the literature and considered in this 

study are summarized in Table 1. These factors are interde-

pendent. For example, inadequate policy support may con-

strain investment, infrastructure, and stakeholder coordination, 

while high recovery costs may reduce competitiveness and the 

economic feasibility of take-back systems. Therefore, an ana-

lytical method capable of examining causal relationships 

among factors is required. 

Table 1. Identified CBM adoption factors for vehicle batteries: Descriptions, and Literature Sources. 

Category Adoption factors Description Sources 

Organiza-

tional 

Lack of Business model with 

take-back systems 

The absence of a business model that includes potential circular strategies 

with a system for taking back used batteries 

[24-27] 

Perceived financial benefits 
The perceived economic advantages associated with adopting a circular 

business model 

Design limitations for disassem-

bly capability 

The constraints in the design of a product that hinder its ability to be easily 

disassembled for maintenance, repair, or recycling purposes, and incompati-

bility between product components manufactured from different companies 

The capability of human re-

sources 

lack of adequate skills, knowledge, and expertise within the workforce to ef-

fectively manage and implement circular processes. 

Lack of industrial ecology and 

by-product synergy 

Integration of battery repairing, remanufacturing, and recycling processes 

with other industries to maximize resource utilization 

Lack top management support 
This refers to the lack of support from top management for the adoption of a 

circular economy business model. 

Poor Company culture 
Refers to an organizational environment where there is a lack of emphasis to 

values and norms that promote and support circularity 

Techno-

logical 

Battery modularization 
The limitation of design allowing batteries to be easily replaced and recycled 

as modular units. 

[24, 28-

31] 

Unavailability of efficient tech-

nologies 

The absence of technologies that enable efficient remanufacturing, recycling 

and reprocessing of battery components. 

Limitation on Information digi-

talization technology 

Insufficient Digital systems and tools for managing information related to 

battery lifecycle and circular processes. 

Lack Proper status checking, di-

agnosing, and tracking technol-

ogy 

The absence of technologies that enable accurate monitoring and evaluation 

of battery conditions and performance 

Economi-

cal 

High cost of handling, transport-

ing, recovering process, and la-

bor 

The financial implications associated with managing the processes of han-

dling, transporting, and recovering batteries. 

[2, 5, 8, 

21, 29, 

32, 33] 

Lack of incentives The absence of economic incentives to encourage circular practices. 

Low economic value of EOL 

VBs 
The limited economic worth of vehicle batteries at the end of their life-cycle. 

Risk on investment 
Refers to the financial uncertainties and potential losses associated with in-

vesting in circular business models for vehicle batteries. 

Low Market demand and cus-

tomer preferences 

A low level of market demand for repaired, remanufactured, repurposed and 

recycled batteries. 

Supply- Low rate of returned batteries The limited number of end-of-life batteries being returned for circularity. [5, 7, 
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Category Adoption factors Description Sources 

chain 

manage-

ment 

Lack of information sharing of 

End-of-life process 

This refers to the lack of information sharing between different supply chain 

actors about the EOL process. 

33-37] 

Uncertainty in supply (number 

and quality), price/value of VBs 

Unpredictability in the supply of used batteries, including concerns about 

their quantity, quality, and market value. 

Lack of effective communication 

and Supply-chain integration/co-

ordination 

Inadequate communication and coordination among stakeholders involved 

in the battery recycling supply chain. 

Lack of Competitiveness 
The level of competition among battery companies, battery scrap exporters 

and their ability to sustain circular practices. 

Environ-

mental 

Stringent (Strict) regulations 

Strict and rigorous rules, laws, or guidelines that are established and en-

forced by governing bodies to protect and preserve the environment in the 

process of battery repairing, repurposing, remanufacturing, and recycling. 

[24, 30, 

38-40] 

Lack of attention for conserva-

tion and protection of natural re-

sources 

The limited emphasis on preserving and safeguarding natural resources. 

Difficulties in disposing the 

wastes from recovered batteries 

(ENF3) 

Challenges in effectively managing and disposing of waste materials gener-

ated during the repair, remanufacturing, and recycling of batteries. 

Inadequate infrastructure 
The absence of sufficient infrastructure to support the collection and pro-

cessing of used batteries. 

Political 

Political instability The political volatility, or uncertainty within a region or country. 

[39, 41, 

42] 

Lack of Supportive government 

policies and regulations for cir-

cular economy adoption 

The limited/absence of Government policies and regulations that promote 

and support the adoption of circular economy practices. 

Lack collaboration between pub-

lic and private sectors to promote 

circularity (PF3) 

The lack of partnerships and collaborations between public and private enti-

ties to drive circularity initiatives 

Absence of international agree-

ments and commitments on cir-

cularity 

Lack of International agreements and commitments that emphasize sustaina-

bility and circularity in the battery industry. 

Socio-cul-

tural 
Lack of Customer awareness 

Lack of awareness of customers on the importance of battery circular econ-

omy practices. 
[43, 44] 

 
Perceived quality of the recycled 

products 

Customers' negative perceptions of the quality and reliability of repaired, re-

purposed, remanufactured, and recycled battery products  

 

2.5. Analytical Approach for Identifying 

Influential Adoption Factors 

Several analytical approaches have been used to investigate fac-

tors affecting circular business model adoption, including the Ana-

lytic Hierarchy Process (AHP), factor analysis, influence diagrams, 

and DEMATEL-based approaches [29, 33, 18, 45]. 

The Decision-Making Trial and Evaluation Laboratory (DE-

MATEL) method is particularly useful for analyzing complex sys-

tems in which factors influence one another. It identifies direct and 

indirect relationships among factors and distinguishes between 

cause-and-effect groups. Grey-DEMATEL combines DEMATEL 

with Grey System Theory to address uncertainty and incomplete 

information in expert judgments [25, 38, 45-49]. This is appropri-

ate for the present study because empirical information on CBM 

adoption for vehicle LABs in Ethiopia is limited and the relation-

ships among adoption factors involve expert judgment. Accord-

ingly, Grey-DEMATEL is employed to identify and prioritize in-

fluential adoption factors. 

2.6. Circular Business Model Development 

Framework 

Several tools have been proposed to support circular busi-
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ness-model development, including the Business Model Can-

vas, Circular Business Model Canvas, Circular Economy 

Model Toolkit, circular business-model innovation ap-

proaches, and Circular Economy Value Chain Mapping [50-

55]. 

The conventional Business Model Canvas provides a struc-

tured representation of how an organization creates and cap-

tures value through elements such as customer segments, 

value propositions, channels, customer relationships, key ac-

tivities, key resources, key partnerships, cost structure, and 

revenue streams. The Circular Business Model Canvas ex-

tends this logic by incorporating circular-economy considera-

tions, including mechanisms for take-back and other elements 

relevant to circular value creation and recovery [43, 56]. 

The Circular Business Model Canvas is particularly rele-

vant to the present study because the proposed model must 

integrate multiple circular strategies and stakeholder relation-

ships rather than address recycling as an isolated technical ac-

tivity. It provides a structured framework for linking customer 

segments, value propositions, channels, relationships, key ac-

tivities, resources, partnerships, costs, revenues, take-back 

mechanisms, and adoption considerations. 

Accordingly, this study combines circular strategy identifi-

cation, Grey-DEMATEL analysis of adoption factors, and the 

Circular Business Model Canvas to develop a context-specific 

CBM for vehicle LABs in Ethiopia. 

2.7. Research Gap 

The literature demonstrates growing interest in circular 

business models for vehicle batteries, but several gaps remain. 

Three main gaps are identified. First, existing LAB circularity 

research focuses predominantly on recycling, with compara-

tively limited attention to the integration of repair for reuse, 

repurposing, and recycling as complementary value-retention 

strategies [15, 20, 57, 58]. 

Second, although previous studies have identified numerous 

factors affecting battery circularity, limited attention has been 

given to their interrelationships and relative influence, particu-

larly in the context of vehicle LABs in Ethiopia. 

Third, existing CBM research has largely focused on lithium-

ion batteries and developed-market contexts. Limited evidence 

exists on adapting the CBMC to vehicle LABs in developing-

country settings characterized by different infrastructure, market, 

policy, and stakeholder conditions. 

Therefore, this study addresses these gaps by identifying ap-

propriate circular strategies, determining influential CBM adop-

tion factors using Grey-DEMATEL, and integrating the findings 

into a context-specific CBM for vehicle LABs in Ethiopia. 

3. Research Methodology 

3.1. Research Design 

This study employed a multi-method research design to 

identify potential circular economy (CE) strategies, determine 

factors influencing the adoption of circular business models 

(CBMs), and develop a context-specific CBM for vehicle 

lead-acid batteries (LABs) in Ethiopia. 

Both secondary and primary data were used. Secondary 

data characterized the Ethiopian vehicle LAB sector, includ-

ing battery imports, LAB scrap exports, production capacity 

and actual production of battery manufacturing and lead-recy-

cling industries, and the number of vehicles in the country. 

Primary data were collected through semi-structured inter-

views and expert assessments. Interview data were analyzed 

thematically to identify potential circular strategies, while ex-

pert assessments were analyzed using Grey-DEMATEL to de-

termine the most influential adoption factors. The identified 

strategies and influential factors were then incorporated into a 

Circular Business Model Canvas. 

3.2. Study Context and Data Sources 

The study focused on the Ethiopian vehicle LAB value 

chain, particularly active battery manufacturing and lead-re-

cycling industries. At the time of the study, the sector included 

one active vehicle LAB manufacturing industry and one active 

lead-recycling industry. The selection was based on opera-

tional status and direct relevance to the vehicle LAB value 

chain. 

Data were obtained from secondary and primary sources. 

Secondary sources included academic literature, industry re-

ports, government documents, and development plans. Data 

on LAB imports and LAB scrap exports were obtained from 

the Ethiopian Customs Commission; production capacity and 

actual production data for battery manufacturing and lead-re-

cycling industries were obtained from the Manufacturing 

Technology and Engineering Industry Research and Develop-

ment Center; and vehicle data were obtained from the Minis-

try of Transport and Logistics. 

3.3. Literature Review and Identification of 

Adoption Factors 

A structured literature review was conducted to identify re-

search on CE strategies, barriers and enablers, stakeholders, 

CBMs, adoption factors, and circular business-model frame-

works for vehicle batteries. Literature was searched using 

Scopus, Web of Science, ScienceDirect, IEEE Xplore, Spring-

erLink, Emerald Insight, JSTOR, and Google Scholar. Search 

terms included combinations of circular economy, circular 

business model, lead-acid battery, battery life extension, repair, 

reuse, repurpose, recycling, adoption factors, and circular 

value chain. 

Relevant studies were screened based on titles, abstracts, 

and relevance to the research objectives. Factors identified 

across the literature were extracted, synthesized, and classi-

fied into seven categories: organizational, technological, eco-

nomic, supply-chain management, environmental, political, 
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and socio-cultural factors. The resulting literature-derived fac-

tors formed the basis for expert assessment and subsequent 

Grey-DEMATEL analysis. 

3.4. Expert Sampling and Data Collection 

3.4.1. Expert Selection 

Purposive sampling was used to select participants with rel-

evant knowledge and experience in the vehicle battery sector 

[58]. A total of 20 experts and managers participated in the 

study. Participants were drawn from production planning and 

control, supply-chain management, and marketing and finance 

functions within the selected battery manufacturing and lead-

recycling industries. All participants had more than seven 

years of professional experience. 

This sampling approach was appropriate because the study 

required informed judgments on circular strategies and the in-

terrelationships among CBM adoption factors. 

3.4.2. Semi-Structured Interviews 

Semi-structured interviews were conducted with the 20 ex-

perts to identify potential circular strategies for vehicle LABs. 

The interview framework considered five strategies identified 

from the literature: reuse, repair, repurposing, remanufactur-

ing, and recycling. Experts assessed the relevance, advantages, 

and limitations of these strategies in the Ethiopian vehicle 

LAB context. The interview data were analyzed thematically 

to identify recurring patterns concerning the applicability of 

the strategies. 

3.4.3. Expert Assessment of Adoption Factors 

Expert assessment was conducted in two stages. First, the 

20 experts evaluated the relevance of the adoption factors 

identified from the literature. Factors that met the predefined 

relevance criterion were retained for further analysis. Second, 

the retained factors were evaluated pairwise to assess the de-

gree of influence of one factor on another, providing the judg-

ments required for Grey-DEMATEL analysis. 

Following the expert evaluation, the retained factors were 

assigned category-based designations, which were then used 

consistently throughout the Grey-DEMATEL analysis and re-

porting. 

3.5. Data Analysis 

Descriptive statistical analysis was used to summarize sec-

ondary data on LAB imports, exports of LAB scrap, produc-

tion capacity and actual production of battery manufacturing 

and lead-recycling industries, and the number of vehicles in 

Ethiopia. These data were used to characterize battery-re-

source availability and domestic industry capacity utilization. 

Interview data were analyzed thematically to identify poten-

tial circular strategies for vehicle LABs through coding, 

grouping of related findings, development and refinement of 

themes, and validation of the resulting themes. A cost-benefit 

analysis was also conducted to assess the economic feasibility 

of battery repair by comparing repair costs with the associated 

economic benefits. 

3.6. Grey-DEMATEL Analysis 

Grey-DEMATEL was employed to identify the interrela-

tionships and influential factors affecting CBM adoption [59]. 

The method combines Grey System Theory with DEMATEL 

and is suitable for analyzing interdependent factors under un-

certainty and expert judgment. The 23 factors retained after 

expert relevance assessment were evaluated using a five-level 

linguistic influence scale ranging from 0 (no influence) to 4 

(very high influence), represented by grey numbers Table 2. 

Table 1. Grey linguistic scale. 

Linguistic variable Influence score Grey number 

No influence 0 {0,0} 

Very low influence 1 {0,0.25} 

Low influence 2 {0.25,0.5} 

High influence 3 {0.5,0.75} 

Very high influence 4 {0.75,1} 

Expert judgments were aggregated across the six expert 

groups, and the resulting grey values were normalized and de-

fuzzied to obtain the crisp direct-relation matrix. 

The Grey-DEMATEL procedure. 

The Grey-DEMATEL procedure consisted of the following 

steps. 

Step 1: Normalization of grey values. 

The lower and upper bounds of the aggregated grey relation 

matrix were normalized to transform the grey values into a 

comparable scale between 0 and 1. The normalized lower and 

upper bounds were calculated as: 

𝑥
 𝑖𝑗

 𝑝
=

𝑥 𝑖𝑗
 𝑝

−𝑚𝑖𝑛𝑗(𝑥 𝑖𝑗
 𝑝

)

∆𝑚𝑖𝑛
𝑚𝑎𝑥                  (1) 

𝑥̿ 𝑖𝑗
 𝑝

=
𝑥̅ 𝑖𝑗

 𝑝
−𝑚𝑖𝑛𝑗(𝑥̅ 𝑖𝑗

 𝑝
)

∆𝑚𝑖𝑛
𝑚𝑎𝑥                  (2) 

where, 

∆𝑚𝑖𝑛
𝑚𝑎𝑥= 𝑚𝑎𝑥𝑗(𝑥̅ 𝑖𝑗

 𝑝
) − 𝑚𝑖𝑛𝑗(𝑥 𝑖𝑗

 𝑝
)          (3) 

where 𝑥 𝑖𝑗
 𝑝

 and 𝑥̅ 𝑖𝑗
 𝑝

 represent the lower and upper bounds, 

respectively, of the grey value describing the influence of fac-

tor on factor for expert group 𝑝. 

Step 2: Calculation of the normalized crisp value. 
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The normalized lower and upper grey values were con-

verted into a normalized crisp value using: 

𝑌𝑖𝑗
𝑝

=
𝑥

 𝑖𝑗
 𝑝

(1−𝑥
 𝑖𝑗
 𝑝

)+(𝑥̿ 𝑖𝑗
 𝑝

×𝑥̿ 𝑖𝑗
 𝑝

)

(1−𝑥
 𝑖𝑗
 𝑝

+𝑥̿
 𝑖𝑗
 𝑝

)
              (4) 

where 𝑌𝑖𝑗
𝑝

  denotes the normalized crisp value representing 

the influence of factor on factor for expert group 𝑝. 

Step 3: Calculation of the final crisp value. 

The normalized crisp values were subsequently trans-

formed into final crisp values according to the adopted Grey-

DEMATEL procedure. The resulting values formed the basis 

for constructing the direct-relation matrix. 

𝑌𝑖𝑗
𝑝

= 𝑚𝑖𝑛𝑗(𝑥 𝑖𝑗
 𝑝

) + 𝑌𝑖𝑗
𝑝

∆𝑚𝑖𝑛
𝑚𝑎𝑥             (5) 

Step 4: Construction of the normalized direct-relation ma-

trix. 

The final crisp values were arranged into the direct-relation 

matrix and normalized so that the elements of the resulting 

matrix 𝑁 were within the range of 0–1. 

𝑁 = 𝑆 × 𝑍                    (6) 

A normalization factor 𝑆 was calculated as: 

𝑆 = 𝑚𝑖𝑛 [
1

𝑚𝑎𝑥1≤𝑖≤𝑛∑𝑖=1
𝑛 𝑍𝑖𝑗

,
1

𝑚𝑎𝑥1≤𝑖≤𝑛∑𝑖=1
𝑛 𝑍𝑖𝑗

]      (7) 

Step 5: Calculation of the total relation matrix. 

The total relation matrix 𝑇, which incorporates both direct 

and indirect relationships among the adoption factors, was cal-

culated as: 

𝑇 = 𝑁(𝐼 − 𝑁)−1                 (8) 

where 𝑁  is the normalized direct-relation matrix and 𝐼  is 

the identity matrix. 

Step 6: Determination of causal parameters. 

The total influence exerted and received by each factor was 

determined from the row and column sums of the total relation 

matrix. The row sum 𝐷𝑖  represents the total influence exerted 

by factor 𝑖, whereas the column sum 𝑅𝑖 represents the total 

influence received by factor 𝑖: 

𝐷𝑖 = ∑ 𝑇𝑖𝑗
𝑛
𝑗=1                     (9) 

𝑅𝑖 = ∑ 𝑇𝑗𝑖
𝑛
𝑗=1                    (10) 

where 𝑇𝑖𝑗  represents the total influence of factor 𝑖 on factor 

𝑗, and 𝑛 is the number of factors. 

Step 7: Determination of prominence and net effect. 

The overall prominence and net effect of each factor were 

calculated as: 

𝑃𝑖 = 𝐷𝑖 + 𝑅𝑖                    (11) 

𝐸𝑖 = 𝐷𝑖 − 𝑅𝑖                    (12) 

where 𝑃𝑖   represents the prominence of factor 𝑖  within the 

system and 𝐸𝑖 represents its net effect. A positive 𝐸𝑖 indi-

cates that the factor belongs to the cause group, whereas a neg-

ative 𝐸𝑖  indicates that it belongs to the effect group. 

Step 8: Determination of the threshold value. 

A threshold value 𝛼 was calculated from the average of all 

elements in the total relation matrix to distinguish relatively 

strong relationships from weaker relationships: 

𝛼 =
∑𝑖=1

𝑛 ∑ 𝑇𝑖𝑗
𝑛
𝑗=1

𝑛2
                (13) 

Relationships with 𝑇𝑖𝑗 > 𝛼  were considered relatively 

strong and were used to construct the influence network 

among the adoption factors. 

Finally, the factors were ranked according to their promi-

nence values (𝑃𝑖), while the sign of their net effect (𝐸𝑖) was 

used to distinguish between cause and effect groups. Mi-

crosoft Excel was used to perform the Grey-DEMATEL cal-

culations. 

3.7. Prioritization of Influential Factors 

The 23 adoption factors were assessed using prominence 

(𝑃𝑖 = 𝐷𝑖 + 𝑅𝑖 ), and net effect (𝐸𝑖 = 𝐷𝑖 − 𝑅𝑖 ). Prominence 

was used to assess the overall importance and interconnected-

ness of each factor, while net effect was used to distinguish 

cause and effect factors. Priority factors were selected based 

on their high prominence and/or strong causal influence and 

were subsequently considered in developing the proposed 

CBM. 

3.8. Circular Business Model Development 

The Circular Business Model Canvas (CBMC) was used to 

develop the proposed business model for vehicle LABs. The 

framework extends the conventional Business Model Canvas 

by incorporating circular-economy elements [43, 60] and con-

sists of 11 building blocks: value proposition, customer seg-

ments, channels, customer relationships, revenue streams, key 

resources, key activities, key partnerships, cost structure, take-

back system, and adoption factors. 

The proposed CBM was developed by integrating the 

circular strategies identified through thematic analysis with 

the most influential adoption factors identified through 

Grey-DEMATEL. The framework was used to specify the 

relationships among customers, value propositions, chan-

nels, activities, resources, partnerships, costs, revenues, 

take-back mechanisms, and adoption conditions within the 

vehicle LAB value chain. 
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3.9. Assumptions and Limitations 

3.9.1. Assumptions 

1) Pricing assumption: Repaired vehicle LABs are assumed 

to be sold at 50% of the price of an equivalent new bat-

tery for the economic assessment. 

2) Expert judgment: The identified adoption factors and 

their relationships are assumed to be adequately repre-

sented by the participating experts’ judgments. 

3.9.2. Limitations 

1) Expert dependence: The Grey-DEMATEL results are de-

pendent on expert judgments and may therefore contain 

some degree of subjectivity. 

2) Study context: The study was limited to LAB manufac-

turer and lead-metal recycling industries in Ethiopia; 

therefore, the findings may not be directly generalizable 

to other battery technologies or contexts. 

3.10. Validation, Research Quality, and Ethical 

Considerations 

The study used expert judgment to validate the identified 

circular strategies, adoption factors, and proposed CBM. Ex-

perts with more than seven years of relevant experience re-

viewed the results for relevance, practicality, and consistency 

with industry conditions. Data collection procedures were 

standardized using interview guides and expert-assessment in-

struments, with data validation, cleaning, and secure data han-

dling applied throughout the study. Participation was volun-

tary, informed consent was obtained, and confidentiality and 

anonymity were maintained. Respondents were informed of 

their right to withdraw from the study. 

4. Results and Discussion 

4.1. Industry Context 

The Ethiopian vehicle lead-acid battery (LAB) sector pre-

sents considerable potential for circular business-model devel-

opment. Secondary data show substantial underutilization of 

existing domestic capacity. The combined annual production 

capacity of LAB manufacturing and lead-recycling industries 

was 11.194 million kg, compared with average annual produc-

tion of approximately 1.572 million kg during 2018–2022, 

representing an average capacity utilization of 14.03%. 

During 2016–2022, Ethiopia imported approximately 30.73 

million kg of LABs, while approximately 4.16 million kg of 

LAB scrap was exported during 2018–2023. Vehicle registra-

tions also increased from 935,888 in 2018 to 1,401,114 in 

2022 (Figure 1). 

 
Figure 1. Growth of vehicles registration in Ethiopia. 

The combination of increasing vehicle registrations, sub-

stantial LAB imports, exported battery scrap, and low domes-

tic capacity utilization indicates an opportunity to retain 

greater battery-related value within Ethiopia. These condi-

tions support the development of an integrated circular busi-

ness model based on repair for reuse, repurposing, and recy-

cling. 

4.2. Potential Circular Strategies 

Based on the literature and interviews with 20 industry 

experts, five circular strategies—reuse, repair, repurposing, 

remanufacturing, and recycling—were evaluated for vehi-

cle LABs in Ethiopia. The findings identified repair for re-

use, repurposing, and recycling as the most suitable strate-

gies. 

Direct reuse without intervention was considered im-

practical because battery performance deteriorates during 

use. Therefore, collected batteries should first undergo in-

spection and diagnosis to determine the appropriate recov-

ery pathway. 

4.2.1. Repair for Reuse 

Repair for reuse was identified as an important product-

life-extension strategy. Expert-identified repair activities 

included terminal cleaning, vent-cap replacement, electro-

lyte replacement, plate reconditioning or de-sulfation, re-

assembly, charging, and performance testing. 

The cost benefit analysis conducted in the study further 

indicates repair-related expenditure was Birr 3,803.86 for a 

12 V, 35 Ah battery and Birr 8,454.68 for a 12 V, 100 Ah 

battery, with estimated profit margins of 22.02% and 

53.81%, respectively, under the study assumptions. These 

results indicate that repair can be economically attractive 

when the battery can be safely restored at a cost substan-

tially below that of a new battery. However, repair suitabil-

ity depends on battery condition, diagnostic results, safety, 

expected performance, repair cost, and customer ac-

ceptance. 
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4.2.2. Repurposing 

Repurposing was identified as a suitable pathway for bat-

teries that are no longer appropriate for automotive use but re-

tain sufficient functional capacity. Potential applications in-

clude backup power, off-grid energy storage, and UPS sys-

tems. Its feasibility depends on remaining capacity, technical 

condition, safety, conversion requirements, operating costs, 

and market demand. 

4.2.3. Recycling 

Recycling provides the downstream recovery pathway for 

batteries that are unsuitable for repair or repurposing. Because 

LABs contain valuable materials, particularly lead and plas-

tics, recycling remains economically and environmentally im-

portant. The findings therefore support a hierarchy in which 

recycling is applied when further product or second-life use is 

no longer technically or economically feasible. 

4.3. Integrated Circular Strategy 

The findings support an integrated, sequential circular path-

way for vehicle LABs, as shown in Figure 2. 

 
Figure 2. Integrated circular strategy for vehicle lead-acid batteries (source author). 

Collected batteries are first inspected and tested. Batteries 

that can be safely and economically restored are repaired for 

reuse in automotive applications. Batteries unsuitable for their 

original application but retaining adequate functional capacity 

are repurposed for second-life applications. Batteries that can-

not be economically or safely reused are directed to recycling 

for material recovery. 

This sequential approach prioritizes value retention: repair 

for reuse retains product value, repurposing retains value 

through a second application, and recycling recovers material 

value when further use is no longer feasible. The integrated 

strategy can extend battery service life, reduce waste and vir-

gin-material demand, and create additional opportunities for 

repair, second-life applications, and material recovery. 
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4.4. Adoption Factors 

The literature review identified 31 potential factors affect-

ing CBM adoption for vehicle batteries. These factors were 

classified into seven categories: organizational, technological, 

economic, supply-chain management, environmental, politi-

cal, and socio-cultural. 

Twenty experts evaluated these factors using a five-point 

scale from 0 (irrelevant) to 4 (very highly relevant. Factors 

with low relevance scores were removed, leaving 23 factors 

for subsequent Grey-DEMATEL analysis. 

The selected factors and their designations are presented in 

Table 2. The designations were retained throughout the analy-

sis to ensure consistency in the expert assessment, relation ma-

trix, and Grey-DEMATEL results. 

Table 2. Relevant CBM adoption factors identified through expert evaluation. 

Category Designation Adoption factor 

Organizational 

OF1 Lack of business models with take-back systems 

OF2 Design limitations for disassembly 

OF3 Human resource capability 

OF4 Lack of industrial ecology and by-product synergy 

OF5 Poor organizational culture 

Technological 

TF1 Unavailability of efficient technologies 

TF2 Limitations in information digitalization 

TF3 Lack of proper status-checking, diagnostic, and tracking technologies 

Economic 

EF1 High cost of handling, transportation, recovery processes, and labor 

EF2 Lack of incentives 

EF3 Low economic value of end-of-life vehicle batteries 

EF4 Low market demand and customer preference 

Supply-chain management 

SCM1 Uncertainty in supply, including quantity, quality, and battery value 

SCM2 Lack of effective communication and coordination 

SCM3 Lack of competitiveness 

Environmental 

ENF1 Stringent environmental regulations 

ENF2 Lack of attention to conservation and protection of natural resources 

ENF3 Difficulty in disposing of waste from recovered batteries 

Political 

PF1 Political instability 

PF2 Lack of supportive government policies and regulations for circular economy adoption 

PF3 Lack of public–private collaboration to promote circularity 

Socio-cultural 

SF1 Lack of customer awareness 

SF2 Perceived quality of recycled products 

 

The identified factors indicate that CBM adoption is multi-

dimensional, involving organizational, technological, eco-

nomic, supply-chain, environmental, political, and socio-cul-

tural conditions. The interdependence among these factors ne-

cessitated the use of Grey-DEMATEL to determine their rela-

tive influence and causal relationships. 

4.5. Grey-DEMATEL Results 

Grey-DEMATEL was applied to the 23 adoption factors re-

tained after expert evaluation. The aggregated expert judg-

ments were converted into crisp values and used to construct 

the total relation matrix. 

http://www.sciencepg.com/journal/ijeee


International Journal of Economy, Energy and Environment http://www.sciencepg.com/journal/ijeee 

 

108 

A threshold value of α = 0.144 was obtained from the total 

relation matrix. Relationships exceeding this value were con-

sidered relatively strong and used to construct the cause–effect 

network (Figure 3). The results demonstrate substantial inter-

relationships among the organizational, technological, eco-

nomic, supply-chain, environmental, political, and socio-cul-

tural factors affecting CBM adoption. 

The row sums (Dᵢ) and column sums (Rᵢ) were used to cal-

culate prominence (Dᵢ + Rᵢ) and net effect (Dᵢ − Rᵢ). Promi-

nence represents the overall importance and interaction of a 

factor, whereas net effect identifies its causal position. Posi-

tive values indicate cause factors, while negative values indi-

cate effect factors. 

As shown in Table 3, lack of business models with take-

back systems (OF1) had the highest prominence, followed by 

high cost of handling, transportation, recovery processes, and 

labor (EF1), lack of competitiveness (SCM3), and lack of pub-

lic–private collaboration to promote circularity (PF3). Re-

garding causal influence, lack of supportive government poli-

cies and regulations for circular economy adoption (PF2) rec-

orded the highest net effect, followed by human resource ca-

pability (OF3), lack of proper status-checking, diagnostic, and 

tracking technologies (TF3), and lack of competitiveness 

(SCM3). These results indicate that both highly intercon-

nected factors and strong causal drivers are important in shap-

ing CBM adoption. 

Table 3. Prominence and Net Effect Results. 

Factors 𝑫𝒊  𝑹𝒊  Dᵢ + Rᵢ Dᵢ − Rᵢ 
Percentage  

(𝑫𝒊 + 𝑹𝒊)  

Cumulative 

percentage 

Lack of business models with take-back systems (OF1) 4.162 4.095 8.258 0.067 5.41 5.41 

High cost of handling, transportation, recovery processes & labor 

(EF1) 
4.079 3.698 7.777 0.380 5.10 10.51 

Lack of competitiveness (SCM3) 4.285 3.369 7.653 0.916 5.01 15.52 

Lack of public–private collaboration to promote circularity (PF3) 3.929 3.683 7.612 0.246 4.99 20.51 

Lack of industrial ecology and by-product synergy (OF4) 3.533 3.900 7.434 -0.367 4.87 25.38 

Low economic value of end-of-life vehicle batteries (EF3) 3.140 4.072 7.212 -0.932 4.72 30.10 

Lack of effective communication and coordination (SCM2) 3.467 3.460 6.927 0.008 4.54 34.64 

Lack of proper status-checking, diagnostic & tracking technolo-

gies (TF3) 
3.957 2.963 6.919 0.994 4.53 39.17 

Uncertainty in supply, including quantity, quality, and battery 

value (SCM1) 
3.283 3.632 6.915 -0.349 4.53 43.71 

Design limitations for disassembly (OF2) 3.496 3.250 6.746 0.246 4.42 48.13 

Unavailability of efficient technologies (TF1) 3.483 3.152 6.635 0.332 4.35 52.47 

Stringent environmental regulations (ENF1) 3.064 3.541 6.605 -0.477 4.33 56.80 

Lack of incentives (EF2) 2.880 3.608 6.489 -0.728 4.25 61.05 

Low market demand and customer preference (EF4) 3.012 3.356 6.369 -0.344 4.17 65.22 

Difficulty in disposing of waste from recovered batteries (ENF3) 2.619 3.735 6.355 -1.116 4.16 69.39 

Perceived quality of recycled products (SF2) 2.795 3.443 6.238 -0.648 4.09 73.47 

Political instability (PF1) 2.585 3.635 6.220 -1.050 4.08 77.55 

Lack of supportive government policies and regulations for circu-

lar economy adoption (PF2) 
3.944 2.108 6.052 1.836 3.97 81.51 

Human resource capability (OF3) 3.492 2.371 5.863 1.121 3.84 85.36 

Lack of customer awareness (SF1) 2.654 3.180 5.834 -0.525 3.82 89.18 

Poor organizational culture (OF5) 3.175 2.617 5.792 0.557 3.79 92.97 

Lack of attention to conservation and protection of natural re-

sources (ENF2) 
2.767 2.834 5.600 -0.067 3.67 96.64 
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Factors 𝑫𝒊  𝑹𝒊  Dᵢ + Rᵢ Dᵢ − Rᵢ 
Percentage  

(𝑫𝒊 + 𝑹𝒊)  

Cumulative 

percentage 

Limitations in information digitalization (TF2) 2.513 2.611 5.124 -0.098 3.36 100.00 

Total   152.630 0.000   

Average   6.636 0.000   

Maximum   8.258 1.836   

Minimum   5.124 -1.116   

Standard-Deviation   3.134 2.952   

 
Figure 3. Grey DEMATEL Cause-Effect Diagram. 

4.6. Priority Factors 

Based on their prominence and causal influence, five fac-

tors were identified as priorities for CBM development: OF1, 

EF1, SCM3, PF3, and PF2 (Table 4). OF1 had the highest 

prominence, while PF2 had the strongest causal influence. 

SCM3 combined high prominence with a strong positive net 

effect. 

Together, these five factors highlight five critical dimen-

sions of CBM adoption: take-back business models, economic 

feasibility, competitiveness, public–private collaboration, and 

government policy support. They therefore provide the pri-

mary basis for developing and evaluating the proposed circu-

lar business models for vehicle LABs in Ethiopia. 

Table 4. Priority factors and their interpretation. 

Priority factor Prominence Net effect Interpretation 

Lack of business model with take-back systems (OF1) 8.257 +0.067 
Highest prominence; highly interconnected with 

other adoption factors. 

High cost of handling, transporting, recovering pro-

cesses, and labor (EF1) 
7.777 +0.381 

High prominence; constrains the economic feasi-

bility of circular operations. 
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Priority factor Prominence Net effect Interpretation 

Lack of competitiveness (SCM3) 7.654 +0.916 
High prominence and strong causal influence on 

the adoption system. 

Lack of collaboration between public and private sec-

tors to promote circularity (PF3) 
7.612 +0.246 

High prominence; emphasizes the need for pub-

lic–private coordination. 

Lack of supportive government policies and regula-

tions for circular economy adoption (PF2) 
6.052 +1.836 

Highest causal influence; a major enabling con-

dition for CBM adoption. 

 

Lack of business models with take-back systems (OF1) had 

the highest prominence (8.257), indicating that it is the most 

highly interconnected factor in the CBM adoption system. The 

absence of an organized mechanism for collecting used batter-

ies is a major constraint on circularity. 

Repair, repurposing, and recycling all depend on the avail-

ability of used batteries at appropriate locations and in suitable 

conditions. Without an effective take-back mechanism, batter-

ies may remain with customers, enter informal collection 

channels, or leave the formal domestic value chain. Therefore, 

an effective take-back system should be incorporated as a cen-

tral component of the proposed CBMs. 

High cost of handling, transporting, recovering processes, 

and labor (EF1) had the second-highest prominence (7.777). 

These costs directly affect the economic feasibility of collec-

tion, repair, repurposing, and recycling activities. 

The finding is consistent with the repair cost-benefit analy-

sis, which indicates that repair can be economically viable un-

der appropriate cost and market conditions. Improving collec-

tion efficiency, reducing transportation distances, increasing 

process efficiency, and utilizing existing infrastructure could 

therefore improve the economic feasibility of circular opera-

tions. 

Lack of competitiveness (SCM3) had a high prominence of 

7.654 and a positive net effect of +0.916, indicating that it is 

both highly interconnected and a significant causal driver 

within the CBM adoption system. 

Limited competitiveness can weaken the ability of circular 

businesses to compete with conventional battery supply and 

disposal practices. Strengthening operational efficiency, re-

ducing costs, improving product quality, and utilizing existing 

infrastructure can enhance the competitiveness of repair, re-

purposing, and recycling activities. Consequently, competi-

tiveness should be considered when designing viable CBMs 

for vehicle LABs. 

Lack of collaboration between public and private sectors to 

promote circularity (PF3) had a prominence value of 7.612, 

placing it among the most interconnected adoption factors. 

This indicates that effective CBM implementation requires 

coordination between government institutions and private-

sector actors. 

Public–private collaboration can support the development 

of collection systems, enforcement of appropriate standards 

and regulations, access to infrastructure, information sharing, 

and investment in circular activities. Strengthening such col-

laboration can therefore facilitate the implementation and 

scaling of circular business models for vehicle LABs. 

Lack of supportive government policies and regulations for 

circular economy adoption (PF2) recorded the highest net ef-

fect (+1.836) among all 23 factors. Although its prominence 

(6.052) was lower than that of several other priority factors, 

its strongly positive net effect indicates that it is the strongest 

causal driver of the adoption-factor system. 

This finding highlights the importance of an enabling policy 

and regulatory environment for CBM implementation. Appro-

priate policies can support take-back systems, establish re-

sponsibilities for battery collection and recovery, encourage 

investment in circular activities, and strengthen coordination 

among relevant stakeholders. Government policy and regula-

tory support should therefore be treated as a key enabling con-

dition for the transition toward circular management of vehi-

cle LABs. 

4.7. Proposed Circular Business Model 

Based on the identified circular strategies and priority adop-

tion factors, a circular business model for vehicle LABs was 

developed using the Circular Business Model Canvas 

(CBMC). 

The proposed model integrates repair for reuse, repurposing, 

and recycling into a coordinated circular value chain. Its cen-

tral logic is to retain battery value at the highest technically 

and economically feasible level before proceeding to the next 

recovery pathway. 

Table 5 presents the proposed circular business model for 

vehicle lead-acid batteries in Ethiopia, integrating repair, re-

purposing, and recycling strategies within a common circular 

value chain. The model incorporates a take-back system to fa-

cilitate the collection of end-of-life batteries and links key 

stakeholders, resources, activities, customer segments, value 

propositions, channels, partnerships, cost structures, and rev-

enue streams. 
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Table-5. Proposed Circular Business Model for Vehicle Lead-Acid Batteries. 

Building Block Repair Repurpose Recycle 

Value 

Propositions 

 

• Repaired LABs with a mini-

mum price 

• Cost-effective and efficient 

battery repair services, 

• Extend the life of lead acid 

batteries,  

• Save customers money  

• Sustainable energy storage for 

off-grid systems 

• Cost-effective repurposed batter-

ies as an alternative to new en-

ergy storage products. 

• Reliable backup power 

• Recovered valuable materials (lead, 

plastic, sulfuric acid and hardening 

agent such as antimony & calcium) 

• Convenient and affordable way to 

recycle LABs 

• New products from recycled LABs 

• Reduced waste and environmental impact 

Customer Seg-

ments 

 

• Vehicle owners (Individual 

consumers) 

• Auto repair shops. 

• Resellers and Retailers 

• Businesses that use lead acid 

batteries, such as construction 

companies, Government 

agencies and fleet managers 

(operators) 

• Off-Grid 

Power Users 

• Emergency 

Services 
• Battery manufacturers, and recy-

clers,  

• Companies that use recycled lead, 

plastic and sulfuric acid in their 

products 

• Vehicle owners 

• Fleet managers 

• Education and Research activi-

ties 

• Telecommunications companies 

• Data center operators 

• Uninterruptible power supply 

(UPS) companies 

• Businesses or Homes that need 

backup power 

Customer 

Relationships 

 

• Offer with a satisfaction guar-

antee 

• Provide educational resources 

to customers about lead acid 

battery and maintenance, 

• Build trust and loyalty by 

providing high-quality repairs 

and excellent customer ser-

vice 

• Timely repair services 

• Offer with a satisfaction guaran-

tee 

• Provide technical support to cus-

tomers on how to install and use 

repurposed batteries 

• Build trust and loyalty by 

providing high-quality repur-

posed batteries and excellent 

customer service 

• Provide excellent customer service 

to build trust and loyalty. 

• Educate customers on the benefits 

of circular strategies for lead acid 

batteries recycling. 

• Compliance with recycling regula-

tions. 

Channels 

 

• Direct sales to customers, 

• Partnerships with vehicle 

manufacturers and battery re-

tailers 

• Online market platform  

• Business-to-business (B2B) part-

nerships with renewable energy 

installers  

• Workshops and Events 

• Online and offline retail stores, 

• Battery Collection centers 

• Online platforms to reach custom-

ers and promote circular strategies. 

• Partnerships with battery manufac-

turers and distributors to collect 

used batteries. 

Key Resources 

 

• Retired lead-acid Batteries 

• Collection & transportation net-

works, infrastructure and facili-

ties 

• Skilled battery repair technicians 

• Repairing tools and equipment 

• Battery replacement parts & materials 

• Battery recycling facilities & tech-

nology 

Key Activities 

 

• Collect retired lead acid bat-

teries 

• Diagnose and repair lead acid 

batteries 

• Test and certify repaired bat-

teries 

• Deliver repaired batteries to 

customers 

• Collect re-

tired LABs 

• Diagnose 

and repair  • Collect retired lead acid batteries 

• Diagnose and recover valuable ma-

terials 

• Quality Control (Test and certify 

recovered materials) 

• Deliver recovered materials 

• Test and certify 

• Repurpose lead acid batteries 

• Deliver repurposed batteries to 

customers 

• Battery • Battery repair 
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Building Block Repair Repurpose Recycle 

Key Partnerships 

 

manu-

factur-

ers 

businesses 

• Solar Panel Manufacturers 

• Renewable Energy Installation 

Companies  

• Battery manufacturers 

• Battery repair businesses 

• Local Automotive Repair Shops 
• Local Automotive Repair 

Shops 

• Vehicle manufacturers, • Automotive parts suppliers 

• Battery 

retailers  

• Logistics pro-

viders 

• Battery re-

cycling 

companies 

• Waste man-

agement 

companies 

• Environmental Organizations 

Cost Structure 

 

• Collection costs, and Labor costs 
• Operational costs (storage, transportation, marketing, and admin-

istrative activities) 

• Cost of replacement battery parts and materials 

• Cost of tools and equipment 
• Recycling costs 

Revenue Streams 

 

• Repaired Battery sales  

• Battery repair fees,  

• Battery replacement fees 

• Sale of repurposed batteries 

• Installation services 

• Battery maintenance and moni-

toring services 

• Sale of recycled materials (lead, 

plastic, and sulfuric acid) 

• Sale of unretired battery parts 

• Funds from environmental organizations and agencies that support circular initiatives 

Take-back system 

 

• Develop partnership for stakeholders: Establish partnership with automotive repair shops, battery manufacturers, 

battery repair businesses, and battery recycling companies to create a network of convenient collection point. 

• Offering a variety of return options, (drop-off locations and mobile collection services) 

• Incentive Programs: Offer customers the option to exchange their old batteries for either repaired or new ones at 

a discounted price 

Adoption factors 

 

Organizational capabilities External factors 

 Competent Human Resources 

with Team Motivation 

 Robust Organizational Cul-

ture 

 Effective Knowledge Man-

agement System 

 Motivation and Training Initi-

atives 

Technological Factors: 

 Utilize advanced technologies and stay updated on the latest innovations. 

 Leverage digital information and data management technologies 

Political Factors: 

 Benefit from government policies and regulations that promote the circular 

economy. 

Sociocultural Factors: 

 Tap into the increasing consumer awareness of environmental issues and 

circular practices. 

Economic Factors: 

 Explore government-provided economic incentives and funding opportuni-

ties from environmental organizations and agencies supporting circular ini-

tiatives. 

 

5. Conclusion and Recommendation 

5.1. Conclusion 

This study developed a circular business model (CBM) for 

vehicle lead-acid batteries (LABs) in Ethiopia by integrating 

circular strategies, adoption-factor analysis, and business-

model design. The study identified repair for reuse, repurpos-

ing, and recycling as the most relevant circular strategies for 

retaining the value of vehicle LABs and reducing end-of-life 

losses. 

The assessment of potential adoption factors initially iden-

tified 31 factors, of which 23 factors were retained following 

expert evaluation. The Grey-DEMATEL analysis demon-

strated that these factors are interconnected and that CBM 
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adoption cannot be effectively addressed through isolated in-

terventions. The analysis highlighted differences in both the 

overall prominence and causal influence of the factors, 

providing a basis for identifying the conditions requiring 

greater attention. 

Five priority factors were identified: lack of business mod-

els with take-back systems (OF1), high cost of handling, trans-

porting, recovering processes, and labor (EF1), lack of com-

petitiveness (SCM3), lack of supportive government policies 

and regulations for circular economy adoption (PF2), and PF3. 

These factors indicate that effective circularity requires an or-

ganized take-back mechanism, economically viable opera-

tions, competitive circular activities, and an enabling institu-

tional environment. 

Based on these findings, a CBM integrating repair, repur-

posing, and recycling was proposed. The model incorporates 

the collection and take-back of used batteries and links the 

major activities, resources, stakeholders, customers, value 

propositions, channels, cost structures, and revenue streams 

required to retain battery and material value. The proposed 

model provides a practical framework for transitioning vehi-

cle LAB management from a predominantly linear system to-

ward a more circular value chain in Ethiopia. 

5.2. Recommendation 

Based on the findings, the following recommendations are 

proposed: 

Establish organized take-back systems involving manufac-

turers, distributors, service providers, recyclers, and other 

value-chain actors. 

Improve economic viability by increasing collection and 

transportation efficiency, utilizing existing infrastructure, and 

recovering both functional and material value. 

Strengthen competitiveness through efficient repair, repur-

posing, and recycling operations and improved quality of re-

covered products. 

Develop supportive policies and regulations covering bat-

tery take-back, responsible handling, reuse, repurposing, re-

cycling, and resource recovery. 

Strengthen public–private collaboration to support infra-

structure, information sharing, investment, and coordinated 

implementation of circular activities. 

6. Future Research Directions 

Future studies could evaluate the proposed CBM through 

pilot implementation and scenario-based analysis, including 

economic, environmental, and social performance assessment. 

Further research could also investigate digital traceability 

technologies, life-cycle assessment of repurposed LABs, and 

policy and regulatory mechanisms for supporting circular bat-

tery value chains. 

Abbreviations 

CBM Circular Business Model 

CBMC Circular Business Model Canvas 

CE Circular Economy 

DEMATEL Decision-Making Trial and Evaluation 

Laboratory 

EOL End-of-Life 

LAB Lead-Acid Battery 

LCA Life Cycle Assessment 

VB Vehicle Battery 

OF Organizational Factor 

TF Technological Factor 

EF Economic Factor 

SCM Supply-Chain Management Factor 

ENF Environmental Factor 

PF Political Factor 

SF Socio-Cultural Factor 

Author Contributions 

Samuel Alemu Melese: Conceptualization, Methodology, 

Visualization, Writing – original draft 

Delelegn Gizaw Toga: Data curation, Formal Analysis, Inves-

tigation, Supervision, Visualization, Writing – review & editing 

Seyidu Wohabrebi Abrah: Data Curation, Formal Analy-

sis, Investigation, Supervision, Validation, Visualization 

Ermias Tesfaye: Formal Analysis, Investigation, Supervision 

Data Availability Statement 

The data supporting the findings of this study are available 

from the corresponding author upon reasonable request. Due 

to confidentiality considerations related to the expert assess-

ments and participating organizations, the underlying individ-

ual-level data are not publicly available. Aggregated data and 

methodological details are provided in the manuscript and its 

supplementary materials to support transparency and repro-

ducibility. 

Conflicts of Interest 

The authors declare no conflicts of interest. 

References 

[1] K. Yanamandra, D. Pinisetty, and N. Gupta, “Impact of carbon 

additives on lead-acid battery electrodes: A review,” 2023, 

Elsevier Ltd. https://doi.org/10.1016/j.rser.2022.113078 

[2] J. Ahuja, L. Dawson, and R. Lee, “A circular economy for 

electric vehicle batteries: driving the change,” J. Prop. Plan. 

Environ. Law, vol. 12, no. 3, pp. 235–250, 2020,  

https://doi.org/10.1108/JPPEL-02-2020-0011 

http://www.sciencepg.com/journal/ijeee


International Journal of Economy, Energy and Environment http://www.sciencepg.com/journal/ijeee 

 

114 

[3] G. Bressanelli, F. Adrodegari, D. C. A. Pigosso, and V. Parida, 

“Towards the Smart Circular Economy Paradigm: A Definition, 

Conceptualization, and Research Agenda,” Sustain., vol. 14, no. 

9, pp. 1–20, 2022, https://doi.org/10.3390/su14094960 

[4] M. T. Islam and U. Iyer-Raniga, “Lithium-Ion Battery 

Recycling in the Circular Economy: A Review,” Recycling, vol. 

7, no. 3, 2022, https://doi.org/10.3390/recycling7030033 

[5] K. Chirumalla, L. G. Reyes, and R. Toorajipour, “Mapping a 

circular business opportunity in electric vehicle battery value 

chain: A multi-stakeholder framework to create a win–win–win 

situation,” J. Bus. Res., vol. 145, no. March, pp. 569–582, 2022, 

https://doi.org/10.1016/j.jbusres.2022.02.070 

[6] S. A. Melese, “Circular Business Model for Vehicle Lead-Acid 

Batteries in Ethiopia,” Addis Ababa University, 2023. [Online]. 

Available: https://etd.aau.edu.et/handle/123456789/2392 

[7] A. Bianchini, J. Rossi, and M. Pellegrini, “Overcoming the 

main barriers of circular economy implementation through a 

new visualization tool for circular business models,” Sustain., 

vol. 11, no. 23, 2019, https://doi.org/10.3390/su11236614 

[8] P. Morseletto, “Targets for a circular economy,” Resour. 

Conserv. Recycl., vol. 153, no. November 2019, p. 104553, 

2020, https://doi.org/10.1016/j.resconrec.2019.104553 

[9] H. Berg et al., “Digital circular economy: a cornerstone of a 

sustainable European industry transformation,” ECERA Eur. 

Circ. Econ. Res. Alliance, p. 28, 2020. 

[10] O. Alhawari, U. Awan, M. K. S. Bhutta, and M. Ali Ülkü, 

“Insights from circular economy literature: A review of extant 

definitions and unravelling paths to future research,” Sustain., 

vol. 13, no. 2, pp. 1–22, 2021,  

https://doi.org/10.3390/su13020859 

[11] A. Neligan, R. J. Baumgartner, M. Geissdoerfer, and J. P. 

Schöggl, “Circular disruption: Digitalisation as a driver of 

circular economy business models,” Bus. Strateg. Environ., no. 

July 2021, pp. 1–14, 2022, https://doi.org/10.1002/bse.3100s 

[12] F. Blomsma et al., “Developing a circular strategies framework 

for manufacturing companies to support circular economy-

oriented innovation,” J. Clean. Prod., vol. 241, 2019,  

https://doi.org/10.1016/j.jclepro.2019.118271 

[13] S. E. Sloop, K. Kotaich, T. W. Ellis, and R. Clarke, “Recycling 

| Lead-Acid Batteries: Electrochemical,” Encycl. Electrochem. 

Power Sources, no. 2008, pp. 179–187, 2009,  

https://doi.org/10.1016/B978-044452745-5.00870-4 

[14] H. Zakiyya, Y. D. Distya, and R. Ellen, “A Review of Spent 

Lead-Acid Battery Recycling Technology in Indonesia: 

Comparison and Recommendation of Environment-friendly 

Process,” IOP Conf. Ser. Mater. Sci. Eng., vol. 288, no. 1, 2018, 

https://doi.org/10.1088/1757-899X/288/1/012074 

[15] S. Chakraborty and M. Moniruzzaman, “Recycling and 

Reusing Practice of Lead Acid Battery in Dhaka City,” Proc. 

Waste Safe 2017-5th Int. Conf. Solid Waste Manag. South Asian 

Ctries., no. February, pp. 25–27, 2017. 

[16] Y. Li et al., “Novel recycling process for lead-acid battery paste 

without SO 2 generation - Reaction mechanism and industrial 

pilot campaign,” J. Clean. Prod., vol. 217, pp. 162–171, 2019, 

https://doi.org/10.1016/j.jclepro.2019.01.197 

[17] W. Van Opstal and A. Smeets, “Circular economy strategies as 

enablers for solar PV adoption in organizational market 

segments,” Sustain. Prod. Consum., vol. 35, pp. 40–54, 2023, 

https://doi.org/10.1016/j.spc.2022.10.019 

[18] B. Wrålsen, V. Prieto-Sandoval, A. Mejia-Villa, R. O’Born, M. 

Hellström, and B. Faessler, “Circular business models for 

lithium-ion batteries - Stakeholders, barriers, and drivers,” J. 

Clean. Prod., vol. 317, no. July, 2021,  

https://doi.org/10.1016/j.jclepro.2021.128393 

[19] B. Zhang, J. Xu, Y. Zhou, and W. Liao, “Research on intelligent 

charging and maintenance system of lead-acid battery for 

vehicle,” no. September, p. 54, 2022,  

https://doi.org/10.1117/12.2646815 

[20] X. Liu and T. Teng, “Failure Causes and Effective Repair 

Methods of Lead-acid Battery,” IOP Conf. Ser. Earth Environ. 

Sci., vol. 859, no. 1, 2021,  

https://doi.org/10.1088/1755-1315/859/1/012083 

[21] 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, 2018,  

https://doi.org/10.3390/batteries4040057 

[22] G. A. Heath, D. Ravikumar, B. Hansen, and E. Kupets, “A 

critical review of the circular economy for lithium-ion batteries 

and photovoltaic modules–status, challenges, and 

opportunities,” J. Air Waste Manag. Assoc., vol. 72, no. 6, pp. 

478–539, 2022,  

https://doi.org/10.1080/10962247.2022.2068878 

[23] B. M. Sopha, D. M. Purnamasari, and S. Ma’mun, “Barriers 

and Enablers of Circular Economy Implementation for 

Electric-Vehicle Batteries: From Systematic Literature Review 

to Conceptual Framework,” Sustain., vol. 14, no. 10, 2022, 

https://doi.org/10.3390/su14106359 

[24] A. Tripathy, A. Bhuyan, R. Padhy, and L. Corazza, 

“Technological, Organizational, and Environmental Factors 

Affecting the Adoption of Electric Vehicle Battery Recycling,” 

IEEE Trans. Eng. Manag., no. May, 2022,  

https://doi.org/10.1109/TEM.2022.3164288 

[25] S. Akter, B. Debnath, and A. B. M. M. Bari, “A grey decision-

making trial and evaluation laboratory approach for evaluating 

the disruption risk factors in the Emergency Life-Saving Drugs 

supply chains,” Healthc. Anal., vol. 2, no. October, p. 100120, 

2022, https://doi.org/10.1016/j.health.2022.100120 

[26] A. Shahhoseini, S. Heydari, and S. Pedrammehr, 

“Manufacturing and Assembly for the Ease of Product 

Recycling: A Review,” Designs, vol. 7, no. 2, p. 42, 2023, 

https://doi.org/10.3390/designs7020042 

[27] J. N. Pan and H. T. N. Nguyen, “Achieving customer 

satisfaction through product-service systems,” Eur. J. Oper. 

Res., vol. 247, no. 1, pp. 179–190, 2015,  

https://doi.org/10.1016/j.ejor.2015.05.018 

http://www.sciencepg.com/journal/ijeee


International Journal of Economy, Energy and Environment http://www.sciencepg.com/journal/ijeee 

 

115 

[28] G. Bressanelli, D. C. A. Pigosso, N. Saccani, and M. Perona, 

“Enablers, levers and benefits of Circular Economy in the 

Electrical and Electronic Equipment supply chain: a literature 

review,” J. Clean. Prod., vol. 298, p. 126819, 2021,  

https://doi.org/10.1016/j.jclepro.2021.126819 

[29] M. T. Islam, U. Iyer-Raniga, and S. Trewick, “Recycling 

Perspectives of Circular Business Models: A Review,” 

Recycling, vol. 7, no. 5, 2022,  

https://doi.org/10.3390/recycling7050079 

[30] M. Rusch, J. P. Schöggl, and R. J. Baumgartner, “Application 

of digital technologies for sustainable product management in 

a circular economy: A review,” Bus. Strateg. Environ., no. 

September 2021, pp. 1–16, 2022,  

https://doi.org/10.1002/bse.3099 

[31] Q. Liu, A. H. Trevisan, M. Yang, and J. Mascarenhas, “A 

framework of digital technologies for the circular economy: 

Digital functions and mechanisms,” Bus. Strateg. Environ., vol. 

31, no. 5, pp. 2171–2192, 2022,  

https://doi.org/10.1002/bse.3015 

[32] A. Beaudet, F. Larouche, K. Amouzegar, P. Bouchard, and K. 

Zaghib, “Key challenges and opportunities for recycling 

electric vehicle battery materials,” Sustain., vol. 12, no. 14, pp. 

1–12, 2020, https://doi.org/10.3390/su12145837 

[33] A. Urbinati, S. Franzò, and D. Chiaroni, “Enablers and Barriers 

for Circular Business Models: an empirical analysis in the 

Italian automotive industry,” Sustain. Prod. Consum., vol. 27, 

pp. 551–566, 2021, https://doi.org/10.1016/j.spc.2021.01.022 

[34] G. Pedone, R. Beregi, K. B. Kis, and M. Colledani, “Enabling 

cross-sectorial, circular economy transition in SME via digital 

platform integrated operational services,” Procedia Manuf., vol. 

54, pp. 70–75, 2020,  

https://doi.org/10.1016/j.promfg.2021.07.048 

[35] E. Cagno, A. Neri, M. Negri, C. A. Bassani, and T. Lampertico, 

“The role of digital technologies in operationalizing the 

circular economy transition: A systematic literature review,” 

Appl. Sci., vol. 11, no. 8, 2021,  

https://doi.org/10.3390/app11083328 

[36] C. Chauhan, V. Parida, and A. Dhir, “Linking circular economy 

and digitalisation technologies: A systematic literature review 

of past achievements and future promises,” Technol. Forecast. 

Soc. Change, vol. 177, no. January, p. 121508, 2022, 

https://doi.org/10.1016/j.techfore.2022.121508 

[37] N. M. Kumar and S. S. Chopra, “Leveraging Blockchain and 

Smart Contract Technologies to Overcome Circular Economy 

Implementation Challenges,” Sustain., vol. 14, no. 15, 2022, 

https://doi.org/10.3390/su14159492 

[38] H. Gupta and M. K. Barua, “A grey DEMATEL-based 

approach for modeling enablers of green innovation in 

manufacturing organizations,” Environ. Sci. Pollut. Res., vol. 

25, no. 10, pp. 9556–9578, 2018,  

https://doi.org/10.1007/s11356-018-1261-6 

[39] G. Scur, C. Mattos, W. Hilsdorf, and M. Armelin, “Lead Acid 

Batteries (LABs) Closed-Loop Supply Chain: The Brazilian 

Case,” Batteries, vol. 8, no. 10, 2022,  

https://doi.org/10.3390/batteries8100139 

[40] A. Pregowska, M. Osial, and W. Urbańska, “The Application 

of Artificial Intelligence in the Effective Battery Life Cycle in 

the Closed Circular Economy Model—A Perspective,” 

Recycling, vol. 7, no. 6, p. 81, 2022,  

https://doi.org/10.3390/recycling7060081 

[41] S. A. Numfor, G. B. Omosa, Z. Zhang, and K. Matsubae, “A 

review of challenges and opportunities for end‐of‐life vehicle 

recycling in developing countries and emerging economies: A 

swot analysis,” Sustain., vol. 13, no. 9, 2021,  

https://doi.org/10.3390/su13094918 

[42] T. Wautelet, “Exploring the role of independent retailers in the 

circular economy: a case study approach,” no. Febuary, p. 177, 

2018, https://doi.org/10.13140/RG.2.2.17085.15847 

[43] J. Pollard et al., “Implementing a circular economy business 

model canvas in the electrical and electronic manufacturing 

sector: A case study approach,” Sustain. Prod. Consum., vol. 

36, pp. 17–31, 2023,  

https://doi.org/10.1016/j.spc.2022.12.009 

[44] T. Shevchenko, M. Saidani, M. Ranjbari, J. Kronenberg, Y. 

Danko, and K. Laitala, “Consumer behavior in the circular 

economy: Developing a product-centric framework,” J. Clean. 

Prod., p. 135568, 2022,  

https://doi.org/10.1016/j.jclepro.2022.135568 

[45] P. Aungkulanon, W. Atthirawong, and P. Luangpaiboon, 

“Fuzzy Analytical Hierarchy Process for Strategic Decision 

Making in Electric Vehicle Adoption,” Sustain., vol. 15, no. 8, 

2023, https://doi.org/10.3390/su15087003 

[46] E. A. R. de Campos, M. Tavana, C. S. ten Caten, M. Bouzon, 

and I. C. de Paula, “A grey-DEMATEL approach for analyzing 

factors critical to the implementation of reverse logistics in the 

pharmaceutical care process,” Environ. Sci. Pollut. Res., vol. 

28, no. 11, pp. 14156–14176, 2021,  

https://doi.org/10.1007/s11356-020-11138-8 

[47] A. Özdemir and F. Tüysüz, “A Grey-based DEMATEL 

approach for analyzing the strategies of universities: A case of 

Turkey,” 6th Int. Conf. Model. Simulation, Appl. Optim. 

ICMSAO 2015 - Dedic. to Mem. Late Ibrahim El-Sadek, no. 

May, 2015, https://doi.org/10.1109/ICMSAO.2015.7152266 

[48] T. dos S. Soares, M. M. Silva, and S. M. Santos, “A hybrid 

Grey-DEMATEL approach to identify barriers to the 

implementation of an end-of-life vehicle management system 

in Brazil,” J. Clean. Prod., vol. 386, pp. 1–6, 2023,  

https://doi.org/10.1016/j.jclepro.2022.135791 

[49] M. S. Mubarik, S. H. A. Kazmi, and S. I. Zaman, “Application 

of gray DEMATEL-ANP in green-strategic sourcing,” Technol. 

Soc., vol. 64, no. October 2020, p. 101524, 2021,  

https://doi.org/10.1016/j.techsoc.2020.101524 

[50] S. King and N. J. Boxall, “Lithium battery recycling in 

Australia: defining the status and identifying opportunities for 

the development of a new industry,” J. Clean. Prod., vol. 215, 

pp. 1279–1287, 2019,  

https://doi.org/10.1016/j.jclepro.2019.01.178 

http://www.sciencepg.com/journal/ijeee


International Journal of Economy, Energy and Environment http://www.sciencepg.com/journal/ijeee 

 

116 

[51] A. S. Adegoke, T. T. Oladokun, T. O. Ayodele, S. E. Agbato, 

and A. A. Jinadu, “DEMATEL method of analysing the factors 

influencing the decision to adopt virtual reality technology by 

real estate firms in Lagos property market,” Smart Sustain. 

Built Environ., vol. 11, no. 4, pp. 891–917, 2022,  

https://doi.org/10.1108/SASBE-09-2020-0135 

[52] M. Linder and M. Williander, “Circular Business Model 

Innovation: Inherent Uncertainties,” Bus. Strateg. Environ., vol. 

26, no. 2, pp. 182–196, 2017, https://doi.org/10.1002/bse.1906 

[53] C. R. Reigado, S. D. C. Fernandes, Y. M. B. Saavedra, A. R. 

Ometto, and J. M. H. Da Costa, “A Circular Economy Toolkit 

as an Alternative to Improve the Application of PSS 

Methodologies,” Procedia CIRP, vol. 64, pp. 37–42, 2017, 

https://doi.org/10.1016/j.procir.2017.03.034 

[54] M. P. P. Pieroni, T. C. McAloone, and D. C. A. Pigosso, 

“Business model innovation for circular economy and 

sustainability: A review of approaches,” J. Clean. Prod., vol. 

215, pp. 198–216, 2019,  

https://doi.org/10.1016/j.jclepro.2019.01.036 

[55] T. Felin, A. Gambardella, S. Stern, and T. Zenger, “Lean startup 

and the business model: Experimentation revisited,” Long 

Range Plann., vol. 53, no. 4, p. 101889, 2020,  

https://doi.org/10.1016/j.lrp.2019.06.002 

[56] T. D. Moshood et al., “Lean business model canvas and 

sustainable innovation business model based on the industrial 

synergy of microalgae cultivation,” Environ. Challenges, vol. 

6, no. November 2021, p. 100418, 2022,  

https://doi.org/10.1016/j.envc.2021.100418 

[57] Y. Li et al., “Recycling of Spent Lead-Acid Battery for Lead 

Extraction with Sulfur Conservation,” Jom, vol. 72, no. 9, pp. 

3186–3194, 2020,  

https://doi.org/10.1007/s11837-019-03885-y 

[58] R. L. Sun, P. Q. Hu, R. Wang, and L. Y. Qi, “A new method for 

charging and repairing Lead-acid batteries,” IOP Conf. Ser. 

Earth Environ. Sci., vol. 461, no. 1, 2020,  

https://doi.org/10.1088/1755-1315/461/1/012031 

[59] S. Campbell et al., “Purposive sampling: complex or simple? 

Research case examples,” J. Res. Nurs., vol. 25, no. 8, pp. 652–

661, 2020, https://doi.org/10.1177/1744987120927206 

[60] M. Lewandowski, “Designing the business models for circular 

economy-towards the conceptual framework,” Sustain., vol. 8, 

no. 1, 2016, https://doi.org/10.3390/su8010043 

 

 

http://www.sciencepg.com/journal/ijeee

