Green Innovation Practices in African Manufacturing Firms: A Systematic Literature Review
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Abstract
This review examines gaps in how sustainability is integrated in different industries by bringing together research on green innovation in Africa's manufacturing sectors. It explores what drives or blocks green innovation, the types of green innovation, and how these factors affect organizations' performance. The review employs a primarily quantitative method to examine research from several African countries. To maintain focus and systematicity, reviewers employed the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) framework. The data are sourced from trusted databases, like Willy Online Library, Springer Nature, ScienceDirect, and Emerald Insight. Only articles published between January 2000 and July 2025 were included. The review highlights flaw in methods that restrict the applicability of findings, including the use of cross-sectional studies and a limited geographic scope. Overall, the findings show that rules, strong capabilities, and technology are important for making manufacturing more sustainable. Policy makers and industry leaders can use these findings to help balance economic growth with environmental protection in Africa's industries.
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1. Introduction
In recent decades, escalating environmental, economic, and social problems (Elkington, 1994) have demanded urgent attention from all sectors. In response, sustainability (WCED, 1987)  emerged as a guiding framework to address these challenges. Building on this, green innovation has become prominent (Ahmed & Najmi, 2018). Many scholars (Jo et al., 2015; Yurdakul & Kazan, 2020; Abbas et al., 2020; Karimi Takalo et al., 2021) view green innovation and eco-innovation as synonymous, with eco-innovation recognized as a key strategy for reducing environmental harm since the 1990s. Terms like “green innovation,” “ecological innovation,” “environmental innovation,” “eco-innovation,” and “sustainable innovation” have gained traction in recent literature (Schiederig et al., 2012) and are often used interchangeably in previous studies (Halila & Rundquist, 2011; Hojnik & Ruzzier, 2016; Hakim, 2020; Abadzhiev et al., 2022; Jayaraman et al., 2023). Accordingly, this review will also use these terms interchangeably.
Green innovation includes strategies such as pollution prevention, energy conservation, green product design, recycling, and better environmental management. These distinguish it from traditional innovation (Tsai & Liao, 2017; Tang et al., 2018).  By adopting green innovations, companies can reduce pollution, conserve energy, minimize waste, and decrease their environmental footprint (Singh et al., 2022).  This helps them meet green market demands (Tjahjadi et al., 2020) and integrate intellectual capital with sustainable business goals (Rustiarini et al., 2022). Ben Amara & Chen (2021) also describe green (eco) innovation as new or improved products, services, and processes that benefit enterprises and consumers while addressing environmental damage and using resources efficiently. These views demonstrate that green innovation seeks to advance the environment, society, and economy in tandem. 
Although research on green innovation has increased, much of it has concentrated on developed countries (Fernández et al., 2021; Rustiarini et al., 2022). As a result, studies focusing on Africa (Herman, 2023; Teklie & Yağmur, 2024; Nchofoung et al., 2024)  and South America (Grazzi et al., 2019; Fernández et al., 2021; Muller et al., 2022; Pineda-Escobar, 2022; Qi & Yang, 2023)  remain scarce. Additionally, the majority of existing literature examines the driving forces behind green innovation (Urbaniec, 2015; Fernando et al., 2016; Hojnik & Ruzzier, 2016; Hrabynskyi et al., 2017; Fernández et al., 2021; Sperotto & Tartaruga, 2021; Passaro et al., 2023;Peyravi & Jakubavičius, 2022;X. Qi & Yang, 2023; Abdesselam et al., 2024). Given these gaps, this review investigates green innovation practices specifically within African manufacturing firms. The continent’s rapid industrialization and the pressing need to balance environmental sustainability with economic growth make the study of eco-innovation in African manufacturing both timely and essential  (Takyi et al., 2024; Teklie & Yağmur, 2024). Notably, recent research has shifted from examining isolated eco-innovations to exploring comprehensive sustainable manufacturing strategies. This reflects a more nuanced understanding of the industry’s environmental impact (Boland et al., 2010; Bouazza et al., 2023) and directly informs this review's approach.
Within Africa, the manufacturing sector is a significant source of pollution and resource depletion, contributing to substantial greenhouse gas emissions and waste (Solaja, 2022; Abdul-Mumuni et al., 2024). In response, green innovation has become crucial for enhancing social well-being, economic competitiveness, and environmental outcomes (Kofi Opoku et al., 2023; Ofodile et al., 2022). Yet, implementing green innovation in African manufacturing faces major obstacles (Sanni, 2020). The literature reveals a lack of clarity regarding the drivers, barriers, and contextual factors influencing the adoption of green innovation across the continent (Popoola & Popoola, 2024; Andoh-Baidoo et al., 2024; Kant et al., 2024).  While some studies demonstrate the benefits of green innovation for sustainability and business performance  (Takyi et al., 2024; Adu-Yeboah et al., 2022), others report mixed or unclear results regarding its role in broader sustainability strategies (Mushi, 2025; Kwabena Nsiah et al., 2022). Research on institutional quality, legal frameworks, and organizational capabilities is also limited (Nzomo et al., 2023; Ismail, 2023; Traoré & Asongu, 2024). These gaps hinder the development of effective policy and management approaches for sustainable manufacturing in Africa (Ochieng et al., 2016; Ouma-Mugabe et al., 2021).
In light of these gaps, this systematic review synthesizes recent empirical findings on green innovation within African manufacturing. It highlights major enablers and challenges, and clarifies the implications for both business and the environment. The review examines the dynamics of green innovation in Africa to bridge knowledge gaps and provide actionable insights for researchers, industry practitioners, and policymakers committed to sustainable industrial growth (Takyi et al., 2024; Teklie & Yağmur, 2024; Kant et al., 2024).  It uses systematic literature review and thematic analysis, prioritizing empirical research on innovation practices, sustainability outcomes, and contextual influences. Findings illuminate the evolution of green innovation, factors shaping its adoption, and its impact on performance. The review concludes with recommendations for future research and policy development  (Takyi et al., 2024; Alinda et al., 2024; Epoh et al., 2024). Ultimately, it aspires to help African manufacturing achieve a balance between environmental responsibility and economic advancement.
To support these intended goals, our evaluation was shaped by the following research inquiries, which guide the structure of this review.
RQ1. What are the main drivers facilitating the adoption of green innovation?
RQ2. What are the principal barriers hindering the adoption and diffusion of green innovation practices?
RQ3. Which specific green innovation practices (product, process, organizational) are implemented in the manufacturing sector?
RQ4. What is the impact of green innovation on manufacturing firm performance?
2. Methodology 
This review used the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) framework to gather and analyze data from existing empirical studies. The systematic review approach helps maintain the quality standard required for the review process (Page et al., 2021). 
2.1 Search strategy
After defining the research questions and protocol, the next phase is to determine the search strategy. This approach streamlines the process of finding relevant studies, screening, analyzing evidence, and synthesizing results (MacFarlane et al., 2022). Articles from databases like ScienceDirect (Elsevier), Sustainability (MDPI), and Wiley were accessed. The search used various keywords and Boolean operators ("AND" and "OR"). The search string was: "green Innovation practice in Africa", OR "green innovation" OR "eco-innovation" OR "environmental innovation" OR "sustainable manufacturing" OR "cleaner production") AND ("manufacturing" OR "industrial firm*" OR "industry") AND ("Africa" OR "Sub-Saharan Africa").
2.2 Article Inclusion and Exclusion Criteria 
Final eligibility, selection, article type, and database access were assessed (Kraus et al., 2022). Reviewers accessed ScienceDirect, Emerald Insight, Taylor & Francis Online, Wiley Online Library, IEEE Xplore, MDPI, SpringerLink, SAGE, and other relevant journals. They used subject area (“business management, and related fields”), search field (“article title and keywords”), search period, document type (empirical and policy articles), quality (mainly peer-reviewed), and language (mainly “English”) to decide relevance (Splenda, 2020; Kraus et al., 2022). Articles included addressed green, ecological, environmental, eco, and sustainable innovation practice. All publicly accessible, peer-reviewed empirical papers from January 1, 2000, to July 2025, were searched. Conceptual papers, inaccessible articles, grey literature, literature reviews, and other databases were excluded, even if used in the background or references. The selected papers met research objectives. The PRISMA flow graphic summarizes the search and selection process.
2.3. Data Extraction and Analysis
A tableau of variables used in the analysis (as drivers and barriers), a synopsis of the theoretical framework and bibliographic information of each reviewed paper, data/results, and the methodological strategies used in each article were all included in the data extraction format developed for this purpose (Siddaway et al., 2019). Additionally, synthesis using the available data from these articles was carried out in accordance with the goal of the current review, and qualitative thematic content analysis was performed(Tawfik et al., 2019).
3. Results
We identified 297 academic works in the primary search using clear criteria. One preprint was removed. After title and abstract screening, 181 records were excluded because they did not meet the eligibility criteria. Of the 115 remaining, 21 could not be accessed for full-text review. Ultimately, 51 empirical studies were included after 43 publications outside the review's scope were excluded. Figure 1 shows the search and selection process.
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Figure 1. PRISMA Flow Diagram 
3.1 Descriptive Summary of the Studies
The number of articles focused on green innovation has been increasing over time, as shown in the accompanying graph (Figure 2), indicating that the topic has recently garnered scholarly attention, particularly since 2021. As shown, no article was published between 2000 and 2009. According to the review, publications related to the green innovation practices of African Manufacturing firms began in 2010. 1 (1.96%) article was published in 2010. 1 (1.96%) article was published in 2010. Surprisingly, publications related to the title under review were not found between 2011 and 2016. 1(1,96%) article was found from 2017 publications. In 2018, 3(5.88%) Articles were published. No publication was identified in the year 2019. 2(3.92%) articles were published in 2020. 4(7.84%), 14(27.45%), 13(25.45%), 10(19.61%) and 3(5.88%) articles were published in 2021,2022,2023,2024, and 2025, respectively.  As it is clearly shown, the majority of the articles reviewed were published in 2022. 

Figure 2. Articles by Year of Publication
The included articles in the review were gathered from 35 journals. Articles from 11 different publishers collectively presented as other publishers accounted for 21% of the reviewed articles.   9(17%) article were reviewed from Elsevier/Science Direct, 3 (6.13) articles, 5(10%) articles were from Emerald Insight, 2 (4%) articles reviewed from IEEE Xplore,5(10%) articles reviewed from MDPI, 2 (4%) articles were contributed from SAGE Journals, 7 (14%) articles were from SpringerLink, 4(8%) articles from Taylor & Francis Online, and the remaining from 6(12%) articles Wiley Online Library (See Fig.3). 

Figure 3. Proportion of Articles Based on Database/ Sources
In reference to the location of the studies conducted and the target population they focused on, the reviewed articles were from multiple countries and regions of Africa. According to Fig.4 below, 8 (15.69%) articles (Studies) were from the general African perspective, 1 (1.96%) articles was focused on AfCFTA (African Continental Free Trade Aria) countries, 4 (7.84%) from Uganda, 9(17.65%) from Ghana, 2(3.92%) from Kenya, 1(1.96%) from Morocco, 6(11.76%) from Nigeria, 6(11.76%) from South Africa, 7 (13.73%) from Sub Sahara sub region, 2(3.92%) from Tanzania, 1 (1.96%) from Tunisia and 4(7.84%) from Uganda. 

Figure 4. Proportion of Articles by The Target Population
3.2 Types of Green Innovation
[bookmark: _Hlk207553944]Different authors have identified various types of green innovation. According to the review, 23 studies identified green product, process, and organizational innovations as core components, with product and process innovations most frequently reported (Takyi et al., 2024; Popoola & Popoola, 2024;Alinda et al., 2024;Kumar et al., 2022;Appiah & Essuman, 2024;Appiah et al., 2025). 2 articles identified green management innovation as a critical green innovation type whereas 5 articles considered green technological innovation as one element of green innovation  (Aouay et al., 2023; Musah et al., 2024; Bok & Tolmay, 2025). The remaining articles considered green innovation as a specific variable without classification (Nigatu et al., 2024; Omonijo & Zhang, 2024; Musah & Onifade, 2023; Dawo & Khalifa, 2025; Udeagha & Muchapondwa, 2023). Additionally, Organizational innovations, including management and dynamic capabilities, were highlighted as critical for enabling the adoption of green innovation (Nsiah et al., 2022; Takyi et al., 2024; Ismail, 2023). 
Green process innovation refers to modifications of existing frameworks and working methods for producing improved or innovative green products, thereby reducing adverse environmental effects (Xie et al., 2016). This includes Cleaner Production, Energy Efficiency, and Waste Valorization. Cleaner production entails implementing integrated strategies like resource optimization and waste minimization at the source in addition to end-of-pipe solutions like air filters and wastewater treatment plants (Giannetti et al., 2020; Hadibarata & Chia, 2021) while  Energy efficiency focuses on integrating renewable energy sources (mostly solar) for on-site power generation, optimizing production layouts to minimize energy loss, and investing in contemporary, energy-efficient machinery(Patterson, 1996). Also, Waste Valorization is the process of turning production waste into by-products (Gemar et al., 2021). For example, research on the Agri-processing industry in Ghana and Kenya shows that companies are converting fruit husks and peels into biofuels or animal feed (Nzomo et al., 2023; Takyi et al., 2024). 
Green product innovation refers to the creation of products and services that meet sustainable consumer demands while having a minimal adverse impact on the environment (Moshood et al., 2022). This is less common and is frequently driven by businesses focused on exports. Creating biodegradable packaging, eliminating hazardous chemicals from products (such as in Ethiopia's leather tanning sector) (Kumar et al., 2022), and designing items that are easier to disassemble and recycle are a few examples (Liao et al., 2022). Additionally, Green organizational innovation refers to the process by which businesses develop and implement new or modified organizational systems, procedures, managerial techniques, or products to mitigate their environmental impact and promote sustainability (Calza et al., 2017). Furthermore, Green Management Innovation emphasizes the management-level implementation of organizational environmental systems and practices to address environmental issues (Qi et al., 2021; Niu et al., 2025). Moreover, green technological innovation focuses on creating novel, environmentally friendly products, technologies, and solutions (Lee et al., 2022; Huang et al., 2022). These types of green innovation repeatedly appeared in the reviewed articles. 
3.3 Driving Forces of Green Innovation Adaptation
African manufacturing companies are driven by a variety of factors to adopt green innovation, including internal strategic choices and external pressures (Popoola & Popoola, 2024; Takyi et al., 2024). After reviewing the article, the reviewers categorized the driving forces into six general classifications. The classification includes internal organization-based drivers, market-based drivers, stakeholder-based drivers, technology-based drivers, resource-based drivers, and Government and policy-based drivers. 
Table 1. Green Innovation Adaptation Drivers
	Adaptation Drivers
	Sources

	Organization Based
	Market-Based
	Stakeholder Based
	Technology Based
	Resources Based
	Government Based
	(Takyi et al., 2024;Popoola & Popoola, 2024;Andoh-Baidoo et al.,2024;Nzomo et al., 2023;Aouay et al., 2023;Bouazza et al., 2023;Nigatu et al., 2024;Adu-Yeboah et al., 2022;Afum et al., 2020;Takyi et al., 2024;Akubia et al., 2024;Alinda et al., 2024;Anadif et al., 2023;Andersen et al., 2022;Nzomo et al., 2023;Obuobi et al., 2024; Dzage et al.,2024;Aouay, et al., 2023;Bok & Tolmay, 2025;Mady et al., 2022)

	Organisational Sustainability Awareness
	Seeking Competitive Advantage
	Environmental compliance
	Technological Advancement
	Availability of Resources
	Policy Support
	

	Operational Improvement and Efficiency
	Market Incentives
	Consumer environmental consciousness
	Technological Innovation
	Resource savings
	Incentives
	

	Innovation orientation
	Market Pressures
	Green Supply Chain Integration
	Internet of Things (IoT) Adaptation
	Resource Efficiency goals
	Regulations
	

	Institutional pressures
	Consumer Compliance
	Stakeholder pressure
	Tech Availability
	Resource scarcity
	Renewable Energy Policies,
	

	Managerial Commitment and Support
	Market competitiveness
	Stakeholder collaboration
	Digitalization
	Energy costs
	Global Sustainability Agenda
	

	Institutional support
	International Linkages
	Global supply chain pressures
	
	
	
	

	Strategic Orientation,
	Green consumer demand
	international support
	
	
	
	

	Corporate Social Responsibility
	Competitive Pressure
	
	
	
	
	

	Environmental consciousness
	Market globalization
	
	
	
	
	

	Climate Change Mitigation
	Market-Driven Needs
	
	
	
	
	

	Circular Economy Awareness
	
	
	
	
	
	



3.4 Barriers to Green Innovation Adaptation
Despite the obvious motivators, strong barriers prevent green innovation from being widely adopted in African Manufacturing Firms (Sanni, 2020; Bok & Tolmay, 2025). The first barrier identified by the review was the high cost of capital and the lack of finance. Due to this, many small and medium-sized businesses (SMEs) find the initial costs of implementing green innovation excessive, and there is a severe lack of accessible, long-term funding for these kinds of initiatives throughout the continent (Sanni, 2020; Solaja, 2022; Bok & Tolmay, 2025). The second barrier was technological and Knowledge Gaps. This barrier is related to the deficiency and lack of the technical know-how needed to install, run, and maintain cutting-edge green technologies. Additionally, decision-making is hindered by a lack of comprehension and knowledge of the potential advantages and available options (du Plooy et al., 2022; Bok & Tolmay, 2025). The third barrier was related to weak and inconsistent policy enforcement.
Despite the existence of legislation, non-compliance frequently goes unpunished due to a lack of institutional capacity for monitoring and enforcement, which lessens the incentive for businesses to invest in green practices (Sanni, 2020; du Plooy et al., 2022; Solaja, 2022). The last barrier is inadequate Infrastructure. The infrastructure in most African countries is inadequate to support the operationalization of the green innovation philosophy. Ironically, the adoption of certain green technologies is hampered by unreliable energy systems in many nations. For instance, businesses are forced to use dirty diesel generators due to erratic power supplies, which undermines energy efficiency investments (Sanni, 2020; Bok & Tolmay, 2025).
3.5 Effect of Green Innovation Adaptation on Firm Performance
In the review, a variety of articles presented the role green innovation played in different organizational performance indicators. Both direct and indirect effects of green innovation were identified. For instance, 31 studies reported positive economic, environmental, and social impacts from green innovation adoption, including improved financial performance, sustainability, and social benefits (Takyi et al., 2024; Dzage et al., 2024; Alinda et al., 2024; Appiah et al, 2025), whereas some studies noted mixed or context-dependent effects, such as negative associations between certain green process innovations and financial performance (Nsiah et al., 2022; Omonijo & Zhang, 2024). Also, Triple bottom line performance was a common framework, with environmental and social outcomes often mediated by organizational practices (Adu-Yeboah et al., 2022). A summarized effect of green innovation on different performance indicators is shown in Table 2 below. 
Table 2. Effect of Green Innovation Adaptation
	Sources
	Short Title
	Performance Outcome

	(Boland et al., 2010)
	Eco-innovation and corporate performance in Africa
	Discusses eco-/green innovation in the African context; suggests potential performance gains, but evidence is mixed and context-dependent.

	(Adu-Yeboah et al., 2022)
	Sustainability & firm performance
	Green innovation improves sustainability outcomes and contributes to firm performance; it plays a mediating role within a broader CSR framework.

	(Afum et al., 2020)
	Environmental, economic & social performance
	Green manufacturing practices and supply-chain integration significantly enhance triple-bottom-line performance.

	(Afum et al., 2021)
	Green & social performance; business performance
	Innovation in eco-products improves social and environmental performance, but it has no discernible effect on sample business performance.

	(Alinda et al., 2024)
	Financial & sustainability performance
	Green process innovation encourages green product innovation, which enhances businesses' sustainability and financial performance.

	(Anadif et al., 2023)
	Economic transition indicators (conceptual)
	Argues for green and circular innovation to support industrial/energy transition; not a firm-level performance test.

	(Andersen et al., 2022)
	Green growth / structural change
	Shows how green and circular innovation underpin structural change and green growth, not firm-level financials.

	(Dzage,2024)
	Sustainability/green innovation performance (precursor to firm outcomes)
	Stakeholder-centered CSR strengthens sustainable environmental practices and green innovation; supports downstream performance improvements.

	(Appiah et al, 2025)
	Green process innovation and financial performance
	Green process innovation improves SME financial performance, especially under high green value co-creation

	(Ismail, 2023)
	Brand sustainability (non-financial performance)
	Green dynamic capabilities improve brand sustainability, with green technology innovation as a mediator.

	(Traoré & Asongu, 2024)
	GI drivers & sustainability performance
	GI practices significantly enhance environmental sustainability and also contribute to economic and social performance in developing economies.

	(Alinda et al., 2025)
	Intellectual capital and environmental innovation in Uganda
	Intellectual capital and environmental innovation in Uganda

	(Chukwukadiba et al., 2023)
	Impact of Green Innovation on Manufacturing Firms' Competitive Advantage
	Green product innovation significantly increased market share. Green process innovation was strongly related to cost reduction. Overall, green product innovation had a stronger effect than process innovation. Environmental management behaviour enhanced the positive effect of green innovation on performance.

	(Agyapong et al., 2024)
	Green Synergy: Boosting Small and Medium Businesses' Performance, Creativity, and Innovation
	Green creativity significantly enhances both environmental and financial performance. Performance and creativity are not mediated by green innovation.

	(Nchofoung et al., 2024)
	Green finance and innovation in Africa 
	Green innovation through renewable energy hurts industrialization, possibly due to high upfront costs and capacity constraints.

	(Pofoura et al., 2022)
	Eco-innovation reduces CO₂ emissions in Sub-Saharan Africa
	By lowering CO2 emissions, eco-innovation improves environmental performance. 

	(Acquah et al., 2023)
	Effects of green procurement and innovation 
	Green practices enhance TQM and organizational legitimacy; green product & process innovation improve both legitimacy and access to green finance (mediated by TQM).

	(Kumar et al., 2022)
	Green manufacturing practices and green achievement 
	Green manufacturing techniques greatly enhance green achievement (environmental performance), demonstrating improvements in both eco-performance and operational efficiency.

	(Nigatu et al., 2024)
	Green practices and economic performance. 
	Green manufacturing, green marketing orientation, green HRM, green investment, and positive effects on economic performance in a synergy model.

	(Udeagha & Muchapondwa, 2023)
	Environmental sustainability in South Africa: role of green innovation. 
	Green innovation (alongside fiscal decentralization) positively supports ecological sustainability in South Africa.

	(Musah & Onifade, 2023)
	Green innovation and renewables for sustainability in SSA 
	Green innovation and renewable energy transitions improved environmental sustainability and possibly better resource efficiency in Sub-Saharan Africa.

	(Dawo & Khalifa, 2025)
	GI, governance, and resource footprints in SSA
	Green innovation and governance effectively reduce resource footprints, enhancing sustainability across SSA.

	(Adomako & Nguyen, 2020)
	Human Resource Slack, Sustainable Innovation, and Environmental Performance (Ghana)
	Sustainable innovation has a favourable relationship with human resource slack, which mediates improvements in environmental performance, especially with intangible resource advantages. 

	(Bag et al., 2022)
	Green Innovation and Firm Performance
	Green innovation strategies (product and process) significantly improve firm performance through operational efficiency and competitiveness; regulatory pressures also modulate the effects.

	(Kahn et al., 2022)
	Green Innovation, Managerial Concern, and Firm Performance (China)
	Firm performance is positively predicted by green process and product innovation, and the impact of process innovation—but not product innovation—is further amplified by managerial environmental awareness.

	(Omonijo & Zhang, 2024)
	Investigating how innovation strategies and CSR performance in African states are influenced by green innovation. 
	Both green and high-tech innovation individually show negative associations with CSR performance when considered alone.
As a moderating variable, green innovation offsets the negative CSR impact of high-tech innovation.

	(Kant et al., 2025)
	Green Supply Chain Management Practice, Firm Performance, and Green Innovation 
	Green innovation is directly impacted by green supply chain management. Green innovation also enhanced business performance.

	(Mady et al., 2022)
	Drivers of multiple eco-innovation and sustainable competitive advantage
	Innovations in eco-organizations and eco-processes both made substantial contributions to long-term competitive advantage.

	(Nsiah et al., 2022)
	Financial performance and green product innovation, Management innovation, and green process innovation 
	Financial performance is adversely affected by green process innovation, but there is no discernible direct impact from green product innovation. 

	(Takyi et al., 2024)
	Nexus between green innovation practices and enterprise performance
	Green product, process, and service innovation all significantly improve financial performance. 



4. Research Gaps and Future Research Directions
This review identified a variety of gaps that will motivate researchers to conduct a study on the gaps related to green innovation practices. First, it is challenging to establish a causal relationship between green innovation and business success in African manufacturing, as the majority of research conducted to date has relied on cross-sectional data. To track the adoption of green innovations and their performance outcomes over time, it is preferable to employ causal inference techniques in longitudinal and panel studies. Second, there is contradictory evidence about the moderating negative effects of regulatory frameworks on the adoption of green innovations. Thus, it is essential to examine how environmental policies are formulated, implemented, and adjusted in various African countries, as well as how these factors impact the adoption of green innovations in different ways. Third, there has been limited research on how SMEs in resource-constrained African locations address competence gaps to adopt green technology. Hence, it would be advantageous for researchers to focus on examining how SMEs in outlying areas build dynamic capacities, leverage informal networks, and acquire outside expertise for green innovation.  Fourth, despite the recognition of supply chain practices as important, there is a lack of understanding about the mediating mechanisms that link supply chain integration to green performance and innovation. In light of network governance and collaborative dynamics, it is advised that researchers conduct thorough studies on how green supply chain integration encourages the adoption of green innovations and sustainable performance. Lastly, most research concentrates on specific countries and industries, which limits our understanding of the diversity observed in African manufacturing contexts. It is therefore preferable to expand research to underrepresented countries and industries, and to compare the factors that promote, impede, and result from green innovation, to identify context-specific methods.
5. Conclusion
The positive correlation between green innovation and firm performance, encompassing social, environmental, and financial factors, is highlighted in the literature on green innovation practices in Africa's manufacturing sectors. Improved sustainability outcomes are often attributed to innovations in green products and processes, with organizational innovations such as dynamic capabilities and management commitment acting as key facilitators. However, the relationship is complex and context-specific; some data suggest that certain innovations in green processes may have contradictory or even negative effects on financial performance. This illustrates the challenges of incorporating sustainability into various African manufacturing contexts.
Policy environments and regulatory frameworks can act as both enablers and barriers. Strict regulations and weak enforcement often hinder progress, even though flexible and coherent policies, combined with proactive stakeholder engagement and CSR initiatives, promote the adoption of innovation. Certain regional institutional pressures, such as culturally specific custodial norms, further influence these dynamics and necessitate context-sensitive approaches to policymaking and implementation.
Organizational capabilities, regulatory incentives, demand-pull market forces, and cooperative networks are just a few of the many factors that affect adoption; persistent challenges include institutional weaknesses, knowledge gaps, financial constraints, and technological limitations. Customized interventions are necessary due to the variation in firm sizes, geographical locations, and sectoral characteristics, despite the literature suggesting that dynamic capabilities and leadership commitment are essential for overcoming these obstacles.
The majority of the literature employs cross-sectional quantitative designs with advanced modelling techniques as its methodology, producing accurate but usually static snapshots of the impacts of green innovation. There are glaringly few longitudinal and multi-level studies that could shed light on causal pathways and the long-term sustainability of innovation impacts.
Finally, new research on circular economy business models and sustainable networks offers African manufacturing firms encouraging strategies for striking a balance between economic expansion and environmental stewardship. Nevertheless, there remains a lack of empirical evidence regarding the scalability and long-term effectiveness of these models, underscoring the need for further research. Ultimately, the synthesis demonstrates how institutional, organizational, technological, and contextual factors interact to foster sustainable industrial development, indicating that knowledge of green innovation practices in Africa's manufacturing sectors is still evolving.
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