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ABSTRACT 

The competitiveness of breweries is central to supply chain efficiency, this is an indication on the technological 
innovation that improves it in the Nigerian nation and this is spread across single – firm studies on general 
manufacturing surveys and international reviews.  This article reviewed works from 2020 to 2024 on supply chain 
efficiency, technological innovations and digitalization with prominence on food, beverage and the Nigerian brewery 
location. It was evident that international breweries links industry 4.0 technologies example is the blockchain, Internet 
of things and data analytics, this is traceable, visible and strong supply chain performance, but the improvement 
depends on the precarious factors and can nose dive where systems are incompatible or the conditions are ambiguous. 
The Nigerian evidence is inadequate, often single-firms, and in some cases appears to depend on overlapping samples. 
It points to positive links between technology, supply chain practices and performance, alongside low uptake of high-
end digital technologies. Drawing on these strands, the paper proposes an integrative framework in which technological 
innovation improves supply chain efficiency through enabling mechanisms, with outcomes moderated by contextual 
conditions in South-East Nigeria, and sets out four propositions for future testing. 

Keywords:  Technological innovation; Supply chain efficiency; Brewery industry; Industry 4.0; blockchain; South-East 
Nigeria, conceptual framework. 

1 INTRODUCTION 

Technological innovation has become a growing important factor of competitiveness in present day manufacturing and 
supply-chain management. The swift development of digital technologies has transformed how firms get materials, 
coordinate suppliers, manage production, regulate inventories, distribute finished merchandises and respond to 
customer demand. In particular, the advent of Industry 4.0 has announced a broad range of technologies, these 
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technologies include the following artificial intelligence (AI), Internet of Things (IoT), big-data analytics (BDA), 
blockchain, cloud computing, robotics, automation, simulation and cyber-physical systems into industrial and supply-
chain processes, Ugwu & Balogun 2024. 

Technological innovation is widely proposed as a route to more efficient supply chains. International reviews report 
that Industry 4.0 technologies influence supply chain performance in many ways, while stressing that benefits depend 
on critical success factors (Rad et al., 2022).  

A review of 68 papers similarly concluded that Industry 4.0 technologies shape supply chain 

Performance in several ways and recommended a holistic, integrated approach to adoption (El Jaouhari et al., 2023). 
Data analytics and end-to-end digitalization of processes have been identified as important drivers of performance 
gains, although adoption can still fail where market conditions are difficult, internal systems are incompatible, or 
complexity and uncertainty are high (Birkel, 2021).  

Supply chain efficiency means the various methods firms / companies manages the movement of materials resources, 
information, products, and money from their suppliers to consumers while minimizing cost, waste, time, and errors, 
Santoso et al., 2022).  

Supply chain management is the centralized administration of the flow of goods and services to and from an 
organization, it includes all the methods tangled in converting raw materials and components into finished products. 
Supply chain management components can reduce costs and convey products to the customers faster and more 
efficiently. The five most vital phases of supply chain management are planning, sourcing, production, distribution, and 
returns. A supply chain manager is commissioned with monitoring and cost reduction to avoid supply chain shortages, 
Fernando et al (2024).  

Brewing depends on tightly coordinated supply chains. Grains, malt, packaging materials, water and energy must arrive 
reliably, and perishable finished products must reach distributors without delay. In Nigeria, this coordination is 
complicated by unreliable power, high logistics costs and import dependence for some inputs Ugwu & Balogun 2024.The 
South-East is a long-standing brewing region, and breweries there, including the plant at Ama, Enugu, are important to 
both firm competitiveness and regional economic activity.  

The research work portrayed that Nigerian brewery is growing but fragmented, Studies addressed that block chain and 
materials management at a single brewery, Chukwu et al, 2024. Agu 2024 opined that supply chain practices and 
production cost, Also Nwatu 2021 and Adeyinka 2023 confirmed that digital transformation is required across 
manufacturing firms in the South East of the nation. 

There is no study reviewed in the work that merges this evidence into a framework in breweries in the South-East of 
Nigeria. This study reviewed some significant literature and recommends this framework. 

The study is guided by the following research questions; 

• RQ1: What are the technological innovations that have been examined in food, beverage and brewery supply 
chains? 

• RQ2: To what extent are they linked to supply chain efficiency? 
• RQ3: In what ways are the contextual conditions in Nigeria likely to shape the link?  

1.1 Problem statement 

In spite of a strong international case for technology-supported supply chains, Nigerian breweries is in dearth of  a 
consolidated evidence vile on how innovation explains into supply chain efficiency. Three problems are pointed out in 
this work. 

First, it is evidenced that single firms are often limited and fragmented, The Nigeria breweries at Ama, Enugu observed 
a positive association between profitability and technological applications, but researchers acknowledge that a firms 
plan cannot be universal to the broader brewery sub sector in South East Nigeria, (Chukwu et al., 2024).   

Secondly it is well known that there is no specific context framework, globally reviews offer Industry 4.0 framework, 
Rad et al., 2022 and El Jaouhari et al 2023, it is noted that their works was not built around the Nigerian nation such as 
energy cost, deficits in infrastructure and irregular digital capabilities. The studies in our Nation proves that the 
application of digital technology remains skewed near low end -devices, with high end technologies are still sporadic. 
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Thirdly it was discovered that adoption carries application risk, better performance is not guaranteed on technology, 
unsuitability, difficulty and uncertainty may cause failure (Birkel, 2021). Kumar et al., 2020 opined that block-chain 
presented as a solution faces technical challenges. It was addressed that managers of breweries and their policymakers 
in the South East region lack created guidance on which technology work, over what mechanisms, and what are the 
conditions. 

2 CONCEPTUAL BACKGROUND 

2.1 Technological innovation  

This study discusses technological innovation as the adoption of new or enhanced technologies and methods that 
change how products are prepared, tracked and stirred. The industry 4.0 provides the leading vocabulary, with 
technologies such as IoT, big data analytics, cloud computing, artificial intelligence and blockchain, and Rymarczyk, 
(2020) opined that discusses both their opportunities and challenges was discussed in his literature. Also Process 
innovation, for example workflow automation, was treated together with digital technologies since breweries are 
process industries.  

2.2 Supply chain efficiency 

Supply chain efficiency is explained as the capacity to distribute products with minimum cost, reliable delivery period, 
short lead times, high inventory revenue and reduced waste. Research domiciled in Nigeria reveals that operationalized 
production cost leads to high productivity (Agu 2024; and Nwatu 2021.) Also Adeyinka 2023 stated that firm’s efficiency 
is measured through data envelopment analysis 

3 REVIEW OF LITERATURE 

3.1 Industry 4.0 and supply chain performance: International evidence  

There is a substantial review level evidence on industry 4.0. In a systematic review of 221 papers ranging from 11 core 
technologies, published between 2005 to 2001 with synthesized benefits with challenges and serious achievements for 
each technology and called for extra work on technological interactions and on under-utilized technology (Rad et al., 
2022).Secondly a review of 68 papers surveyed how Industry 4.0 technologies touch net-zero supply chain performance 
and projected a conceptual framework for strategic acceptance (El Jaouhari et al., 2023).  A third synthesis found that 
data analytics and seamless data flows, enabled by end-to-end digitalization, are important performance drivers, and 
that most organizations experience improvements after adoption but not all (Birkel, 2021).  With the consideration of 
this reviews, it was suggested that a steady pattern, technology matters through intermediate tools like data flow and 
visibility and market circumstances. Based on this logic a framework was developed.  

3.2 Blockchain, IoT and traceability in food and beverage supply chains 

The breweries handle food-grade products, the food supply chain literature is directly relevant. A review of blockchain-
based frameworks analyzed 54 food traceability and supply chain frameworks and concluded that blockchain plays an 
important role in improving traceability and supply chain operations (Ellahi et al., 2023). Within those frameworks, IoT 
was combined with blockchain in 37 cases, RFID in 26, and cloud computing and QR codes in 23 each, whereas artificial 
intelligence (13) and big data analytics (12) were used far less (Ellahi et al., 2023). The same review noted limitations, 
including scalability, energy consumption and storage requirements.  

Two points matter for the Nigerian brewery case. First, most evidence concerns traceability and information integrity, 
which are plausible enabling mechanisms for efficiency but are not efficiency outcomes in themselves. Secondly, 
evidence from developing contexts is thin. One exception is a blockchain-based approach to traceability and 
management of a food value chain in Nigeria, which combined blockchain with technologies such as RFID, GPS and NFC 
(Akazue et al., 2023).  

3.3 Supply chain practices and performance 

In Nigerian manufacturing sector studies generally report positive links between supply chain practices and 
performance. A survey of quoted manufacturing organizations found positive and statistically significant relationships 
between procurement outsourcing, information flow management and order process management and firm 
performance (Samuel & Gabriel, 2022). Work on ICT adoption and supply chain integration in Nigeria developed a 
conceptual model in which integration mediates the effect of intra- and inter-organizational ICT on supply chain 
performance (Mohammed, 2024). The mediation idea is consistent with the international view that technology works 
through intermediate capabilities. 
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Digital skills and capability among the South East Nigerian breweries is irregular, Studies shows that the Nigerian 
manufacturing companies use data envelopment analysis and Tobit regression observed that the acceptance of digital 
technology was focused in low end devices whereas the high end technologies required for digital transformation were 
still scarce and this calls for training and manpower development to build digital capacity Adeyinka, 2023). The results 
succeeds an optimistic hope about technology, since productivity effects rely on technologies being deployed intensely 
enough to change procedures. 

3.4 Evidence from Nigerian breweries and South-East Nigeria 

 It is well known that there is minor literature on brewery, The Nigerian breweries at Ama in Enugu applied technology 
in materials management was positively correlated with profitability, Also block chain was related to sustainable supply 
chain management, Chukwu et al, 2024 the authors   findings from one firm cannot be used to generalize with other 
firms.  Agu, 2024 and Nwatu, 2021 stated that studies in brewing plants in South East Nigeria reports that constant 
improvement affects product quality and supply chain practices relate strongly to cost of production. 

3.5 Contextual conditions in Nigeria  

The operation environment in Nigeria is moderate and the benefits of technology is not well utilized, unstable electricity 
supply, high dependent on generating plants for power which increase the cost of production, poor road network, 
insecurity and poor road network for delivery of finished products, port logistics increase cost and time of moving goods 
Ugwu & Balogun 2024, technical skills are repeatedly acknowledged as a constraint on digital transformation (Adeyinka, 
2023). These situations are likely to affect whether IoT sensors, cloud systems or blockchain platforms can - run reliably 
in a brewery, and they stimulate treating context as a moderating layer in the framework. 

4 SYNTHESIS AND RESEARCH GAPS  

Table 1 summarizes the Nigerian studies reviewed, four gaps was identified 

First, no study tests technological innovation and supply chain efficiency jointly across several breweries in South East 
Nigeria. Secondly the mechanisms that link technology to efficiency, such as visibility and automation, are assumed 
rather than measured. Thirdly, contextual moderators are discussed but rarely modelled and fourth there are signs of 
overlapping sections and varying performance measures, which limit comparability. 

Table 1: Literature reviewed summarized by study setting, focus, and main findings tabulated 

Study Setting Focus Main finding 

Chukwu et al. 
(2024) 

Nigerian Breweries, 
Ama, Enugu 

Materials management, 
blockchain, efficiency 

Technology positively correlated with 
profitability; single-firm limitation 

Agu (2024) Brewing plants, 
South-East 

Lean practices, supply chain, 
JIT 

Continuous improvement affects 
quality; strong supply chain–cost 
correlation 

Nwatu (2021) Brewing plants, 
South-East 

Supply chain and 
production cost 

Significant relationship (r = .866); 
sample size matches Agu (2024) 

Samuel & Gabriel 
(2022) 

Quoted 
manufacturers, 
Nigeria 

Procurement, information 
flow, order processing 

Positive, significant link to performance 

Adeyinka (2023) Nigerian 
manufacturing 

Digital technology and firm 
efficiency 

Uptake skewed to low-end technology; 
high-end uptake low 

Mohammed 
(2024) 

Nigerian supply 
chains 

ICT adoption, integration, 
performance 

Conceptual model with integration as 
mediator 

Akazue et al. 
(2023) 

Food value chain, 
Nigeria 

Blockchain traceability Blockchain-based approach proposed 
for traceability and management 

 

5 PROPOSED CONCEPTUAL FRAMEWORK ON THE REVIEWED LITERATURE 

Figure 1 presents an integrative framework, Technological innovation, comprising digital and information systems, 
blockchain traceability, IoT and automation, process innovation and data analytics, is estimated to improve supply chain 
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efficiency through enabling mechanisms like information sharing and visibility, workflow automation, materials 
management and supplier collaboration.  

Efficiency is gained in cost, delivery reliability, inventory turnover, lead time and waste are expected to turn into firm 
outcomes such as profitability, quality of product, satisfaction of customers and competitive advantage. Contextual 
conditions in South-East Nigeria moderate these links.  

 

Figure 1: Conceptual Framework of Technological Innovation and Supply Chain Efficiency in the Nigerian 
Brewery Industry (South-East Nigeria) 

Note. Solid arrows show the proposed flow; dashed arrows show contextual moderators. Developed by the authors from the reviewed literature. 
Source: Authors computation 2026 

Table 2: Propositions derived from the literature 

Proposition Relationship  Grounding in the literature 

P1 Technological innovation improves 
enabling mechanisms ( visibility, 
information sharing, automation) 

Data analytics and end to end digitalization drive 
performance (Birkel, 2021) blockchain and IoT 
improve traceability (Ellahi et al., 2023). 

P2 Enabling mechanisms improve supply chain 
efficiency 

Information flow and order management relate 
positively to performance (Samuel & Gabriel, 2022); 
integration mediates ICT effects (Mohammed, 2024). 

P3 Contextual factors (power, infrastructure, 
skills, management commitment, policy, 
firm size) moderate these links 

Benefits depend on critical success factors (Rad et al., 
2022); high-end technology uptake and skills are 
limited in Nigeria (Adeyinka, 2023). 

P4 Supply chain efficiency improves firm 
outcomes 

Positive links with profitability and cost outcomes 
(Agu, 2024; Chukwu et al., 2024; Nwatu, 2021). 

6 IMPLICATIONS AND DIRECTIONS FOR FUTURE RESEARCH  

It is advised that brewery managers, should review evidence suggesting sequencing investment, also building data flow 
and visibility with proven tools, then add higher-end technologies such as blockchain traceability or analytics where 
infrastructure and skills. Policymakers, the repetitive emphasis on skills and irregular digital capability (Adeyinka, 
2023; Rad et al., 2022) supports targeted training and infrastructure support. 

Researcher’s priorities include a multi-brewery studies in South-East Nigeria, the measurement of the mediating 
mechanisms in the framework, clear modelling of contextual moderators, and transparent recording of data sources so 
that studies can be treated as independent evidence. 
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7 CONCLUSION  

Sequel to the review, technological innovation can improve supply chain performance, through the enabling mechanism 
and beneath conditions that vary by context. Evidence from Nigeria is promising yet narrow, focused in single firms and 
in areas overlapping. This framework suggests links to technological innovations, enabling mechanisms, supply chain 
efficiency and firm’s outcomes, through contextual moderators particular to South – East Nigeria. The four suggestions 
provide a basis for empirical testing and for more context sensitive technology.  
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