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ABSTRACT: 

The global consumer electronics industry faces unprecedented pressure to reconsider offshore manufacturing 

strategies due to supply chain disruptions, geopolitical tensions, and rising labor costs in traditional manufacturing 

hubs. This research examines the economic viability of reshoring consumer electronics production using digital 

twin optimization frameworks. The study develops a comprehensive digital twin model that simulates production 

costs, supply chain dynamics, and operational efficiencies across offshore and reshored scenarios. Through 

analysis of three major consumer electronics manufacturers and simulation of various reshoring configurations, 

the research demonstrates that selective reshoring combined with automation can achieve cost parity with offshore 

production while reducing supply chain risks by approximately 35-42%. The digital twin optimization reveals that 

transportation costs, tariff structures, and automation levels serve as critical determinants of reshoring viability. 

Findings indicate that high-value, low-volume products show strongest reshoring potential, while commodity 

electronics require substantial automation investment to justify relocation. This research contributes 

methodologically by developing an integrated digital twin framework for reshoring decisions and practically by 

providing manufacturers with quantitative tools for strategic production location planning. 

Keywords: Reshoring, consumer electronics, digital twin, supply chain optimization, manufacturing economics, automation, 

production relocation, cost modeling 

 

INTRODUCTION 

 

Consumer electronics manufacturing has been dominated by offshore production for over three decades, with 

China, Vietnam, and other Asian countries serving as primary manufacturing bases. However, recent disruptions 

have fundamentally challenged this model. The COVID-19 pandemic exposed critical vulnerabilities in extended 

supply chains, causing production delays and component shortages that cost the industry billions of dollars 

(Javorcik, 2020). Trade tensions between major economies have introduced tariff uncertainties, while rising labor 

costs in traditional manufacturing hubs have eroded historical cost advantages. 

 

These pressures have sparked renewed interest in reshoring—relocating production capacity back to home 

countries or nearby regions. Beyond labor and cost considerations, recent research emphasizes the strategic 

importance of reducing foreign material dependencies and strengthening domestic industrial ecosystems to 

enhance long-term resilience (Islam, 2024a). Yet reshoring decisions involve complex trade-offs between labor 

costs, automation investments, transportation expenses, supply chain resilience, and market proximity. Traditional 

cost-benefit analyses often fail to capture the dynamic, interconnected nature of these factors, leading to 

suboptimal location decisions. 

 

Digital twin technology offers a promising solution to this analytical challenge. Digital twins create virtual replicas 

of physical manufacturing systems, enabling simulation of different scenarios before committing resources. In the 

reshoring context, digital twins can model entire production ecosystems, from component sourcing through final 

assembly and distribution, under various location configurations. This capability allows manufacturers to quantify 

trade-offs and identify economically viable reshoring strategies. 
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Despite growing interest in both reshoring and digital twins, limited research integrates these domains specifically 

for consumer electronics. Existing reshoring studies typically employ static cost comparisons, while digital twin 

literature focuses primarily on operational optimization rather than strategic location decisions. This research 

addresses these gaps by developing a digital twin optimization framework specifically designed to evaluate 

reshoring viability in consumer electronics manufacturing. 

 

The study investigates three fundamental questions: Under what conditions does reshoring consumer electronics 

become economically viable compared to offshore production? How do automation levels, product characteristics, 

and supply chain configurations influence reshoring economics? And what role can digital twin optimization play 

in supporting reshoring decision-making? By addressing these questions through both theoretical modeling and 

empirical validation, this research provides practical guidance for manufacturers navigating the reshoring 

decision. 

 

OBJECTIVES 

 

This research pursues the following specific objectives: 

• Primary Objective: To develop and validate a digital twin optimization framework that quantifies the economic 

viability of reshoring consumer electronics production across different product categories and automation 

scenarios. 

• Secondary Objective 1: To identify the key cost drivers and threshold conditions under which reshoring 

achieves economic parity with offshore manufacturing. 

• Secondary Objective 2: To compare economic outcomes across different reshoring strategies including full 

relocation, hybrid models, and selective product reshoring. 

• Secondary Objective 3: To evaluate the impact of automation levels on reshoring viability and determine 

optimal automation investment levels for different product types. 

• Secondary Objective 4: To provide evidence-based recommendations for consumer electronics manufacturers 

considering reshoring strategies. 

 

SCOPE OF STUDY 

 

This research operates within defined boundaries: 

• Industry Scope: Focus on consumer electronics manufacturing, specifically smartphones, laptops, and smart 

home devices representing different value-weight ratios and complexity levels. 

• Geographical Scope: Analysis compares offshore production in Southeast Asia (primarily China and Vietnam) 

with reshoring to North America and Europe. 

• Temporal Scope: Cost data and supply chain parameters reflect 2020-2024 conditions, capturing post-pandemic 

realities. 

• Methodological Scope: Digital twin development uses discrete-event simulation integrated with cost modeling 

and supply chain network analysis. 

• Product Lifecycle Stage: Focus on established products in stable production rather than new product 

introduction or end-of-life scenarios. 

• Variables Included: Labor costs, automation investments, transportation expenses, tariffs, inventory carrying 

costs, lead times, and supply chain disruption risks. 

• Variables Excluded: Market demand fluctuations, currency exchange rate volatility, and political risk factors 

are acknowledged but not dynamically modeled. 

 

LITERATURE REVIEW 

 

4.1 Reshoring Trends and Drivers 

Manufacturing reshoring has gained momentum over the past decade, reversing decades of offshoring trends. 

Early reshoring efforts focused primarily on high-skill industries, but recent years have seen expansion into 

consumer goods manufacturing (Barbieri et al., 2018). Multiple drivers motivate reshoring decisions including 

supply chain resilience concerns, total cost of ownership recalculations, quality control improvements, and 

intellectual property protection. 

 

The consumer electronics sector presents unique reshoring challenges due to established Asian manufacturing 

ecosystems. These regions offer not just low labor costs but also concentrated supplier networks, skilled 
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workforces, and specialized infrastructure. Reshoring requires reconstructing these ecosystem advantages in new 

locations, often through substantial capital investments (Fratocchi et al., 2016). 

 

Recent research identifies automation as a critical reshoring enabler. Advanced manufacturing technologies 

including robotics, artificial intelligence, and additive manufacturing can offset labor cost disadvantages in high-

wage countries. However, automation requires significant upfront investment, creating financial barriers 

particularly for small and medium manufacturers (Ancarani et al., 2019). 

 

4.2 Digital Twin Technology in Manufacturing 

Digital twins have emerged as powerful tools for manufacturing optimization. A digital twin creates a virtual 

representation of physical assets, processes, or systems that updates in real-time based on sensor data and 

operational information (Grieves and Vickers, 2017). This enables testing scenarios, predicting outcomes, and 

optimizing performance without disrupting actual operations. 

 

Manufacturing applications of digital twins span product design, production planning, quality control, and 

maintenance optimization. Recent developments integrate artificial intelligence and machine learning to enhance 

predictive capabilities (Tao et al., 2019). However, most digital twin implementations focus on operational rather 

than strategic decisions, with limited application to location planning or reshoring analysis. Recent work on AI-

enabled process optimization for strengthening domestic manufacturing supply chains demonstrates how 

integrated digital frameworks can enhance industrial resilience and localization strategies (Islam, 2024b). 

 

4.3 Economic Analysis of Reshoring 

Traditional reshoring analysis employs total cost of ownership frameworks that extend beyond direct labor costs 

to include transportation, inventory, quality, and coordination expenses. Research consistently shows that narrow 

focus on wage differentials underestimates reshoring viability by ignoring these hidden offshore costs (Ellram et 

al., 2013). 

 

Transportation costs have increased substantially, partly due to fuel price volatility and partly due to capacity 

constraints on major shipping routes. For consumer electronics, shipping costs and lead times can significantly 

impact competitiveness, particularly for time-sensitive products or those with short lifecycles (Gray et al., 2017). 

Tariffs add another cost layer, with trade policy changes creating additional uncertainty around offshore 

production economics. 

 

Automation fundamentally alters reshoring economics by reducing labor content in production costs. Highly 

automated facilities can achieve labor costs below 15% of total production costs, diminishing the importance of 

wage differentials between countries (Kinkel and Maloca, 2009). This shift makes other location factors—market 

proximity, supply chain efficiency, innovation capacity—relatively more important in location decisions. 

 

4.4 Supply Chain Resilience 

Supply chain disruptions have moved from theoretical concerns to demonstrated realities. The pandemic revealed 

how concentrated supplier networks and extended supply chains create vulnerability to regional shocks. Consumer 

electronics manufacturers experienced production halts, component shortages, and massive revenue losses during 

2020-2021 (Chowdhury et al., 2021). 

 

Reshoring offers potential resilience benefits through shorter supply chains, diversified supplier bases, and 

reduced dependence on single regions. However, reshoring also introduces new risks including higher operating 

costs and potential capacity constraints. Optimal strategies likely involve portfolio approaches with production 

distributed across multiple locations rather than complete reshoring or offshoring (Barbieri et al., 2020). 

 

4.5 Research Gaps 

Despite substantial research on both reshoring and digital twins, critical gaps remain. Few studies integrate these 

domains to leverage digital twin capabilities for strategic location decisions. Existing reshoring research relies 

heavily on static cost models that fail to capture dynamic supply chain interactions and operational complexities. 

Additionally, sector-specific analysis for consumer electronics remains limited, with most studies focusing on 

automotive, aerospace, or industrial equipment manufacturing. 
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This research addresses these gaps by developing an integrated digital twin optimization framework specifically 

designed for consumer electronics reshoring decisions, incorporating both cost economics and supply chain 

dynamics in a unified analytical approach. 

 

FIGURE 1: Digital Twin Reshoring Analysis Framework 

 

This conceptual diagram illustrates the integrated digital twin framework for reshoring analysis. At the center is 

a large box labeled "Digital Twin Core" containing three interconnected modules: Production Simulation 

(showing assembly lines and robotics), Cost Modeling (displaying formulas and cost breakdowns), and Supply 

Chain Network (depicting supplier connections and logistics flows). Surrounding the core are four input category 

boxes on the left side: Product Specifications (dimensions, weight, complexity), Location Parameters (labor costs, 

automation costs, facilities), Supply Chain Data (supplier locations, lead times, transportation costs), and Market 

Conditions (demand patterns, tariff rates). On the right side are three output boxes: Economic Viability Metrics 

(NPV, ROI, payback period), Risk Assessment (disruption probability, resilience scores), and Optimization 

Recommendations (preferred locations, automation levels). Arrows flow from inputs through the digital twin core 

to outputs. The diagram uses blue for inputs, green for the core system, and orange for outputs, with all 

components clearly labeled and interconnected with directional arrows. 

 

RESEARCH METHODOLOGY 

 

5.1 Research Design 

This study employs a mixed-methods approach combining digital twin simulation modeling with case analysis of 

actual reshoring scenarios. The methodology integrates quantitative cost modeling with qualitative assessment of 

strategic factors influencing reshoring decisions. 

 

5.2 Digital Twin Development 

The digital twin framework was developed using discrete-event simulation software integrated with optimization 

algorithms. The model architecture consists of three primary modules: a production simulation module that 

replicates manufacturing processes and automation configurations, a cost modeling module that calculates 

comprehensive production economics, and a supply chain network module that simulates material flows, 

transportation, and inventory dynamics. 

 

Development followed an iterative process. Initial model specifications were based on literature review and 

industry benchmarking. Model parameters were then calibrated using actual data from three consumer electronics 

manufacturers who provided anonymized operational information. Validation occurred through comparison of 

simulation outputs against historical production data, with model accuracy exceeding 92% for cost predictions 

and 88% for lead time estimates. 
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5.3 Data Collection 

Primary data came from three major consumer electronics manufacturers, designated as Manufacturer A 

(smartphones), Manufacturer B (laptops), and Manufacturer C (smart home devices). Companies provided 

detailed cost structures, production processes, automation levels, and supply chain configurations for both existing 

offshore facilities and potential reshoring scenarios. 

 

Secondary data included labor cost statistics from national statistical agencies, transportation cost indices from 

logistics providers, automation technology costs from equipment suppliers, and tariff schedules from trade 

databases. All cost data was normalized to 2024 US dollars to enable consistent comparison. 

 

5.4 Simulation Scenarios 

The digital twin was used to simulate multiple reshoring scenarios for each product category. Baseline scenarios 

replicated current offshore production in China or Vietnam. Reshoring scenarios modeled production in the United 

States and Poland (representing North American and European reshoring destinations). Each location scenario 

was further subdivided by automation level: current automation (matching offshore facilities), moderate 

automation (50% increase in automated processes), and high automation (80% increase in automated processes). 

Each scenario was simulated across 1,000 iterations with varying supply chain conditions including demand 

fluctuations, transportation delays, and disruption events. This Monte Carlo approach generates probability 

distributions for cost and performance metrics rather than single-point estimates. 

 

5.5 Analysis Methods 

Simulation outputs were analyzed using multiple techniques. Cost competitiveness was assessed through total 

cost of ownership calculations comparing all-in costs per unit across scenarios. Financial viability used net present 

value and internal rate of return metrics incorporating automation investment requirements. Supply chain 

resilience was measured through disruption impact scores and recovery time estimates. Sensitivity analysis 

identified which parameters most strongly influence reshoring viability. 

 

5.6 Limitations 

Several limitations warrant acknowledgment. The model relies on cost and operational data from three 

manufacturers, which may not represent the entire industry. Simulation accuracy depends on parameter estimates 

that carry inherent uncertainty. The model captures economic and operational factors but cannot fully quantify 

strategic considerations like innovation capacity or brand perception. Finally, the analysis reflects 2024 

conditions; future changes in technology costs, trade policies, or supply chain structures could alter conclusions. 

 

ANALYSIS OF SECONDARY DATA 

 

6.1 Global Manufacturing Cost Trends 

Analysis of manufacturing cost data from 2015-2024 reveals significant shifts in relative competitiveness across 

regions. Chinese manufacturing labor costs increased by 64% during this period, substantially eroding the 

historical cost advantage that drove initial offshoring. Vietnamese costs rose more moderately at 38%, but this 

country also faces capacity constraints and infrastructure limitations. Simultaneously, automation technology 

costs declined by approximately 42%, making advanced manufacturing systems increasingly accessible. 

 

Transportation costs showed high volatility but generally upward trends. Container shipping costs from Asia to 

North America averaged $2,800 in 2019 but peaked above $15,000 in 2021 before settling around $5,200 in 

2024—still nearly double pre-pandemic levels. These elevated costs significantly impact the economics of 

shipping bulky, low-value electronics from distant manufacturing locations. 

 

Tariff structures added another cost layer. Average tariffs on consumer electronics imported to the United States 

from China increased from 3.1% to 18.7% between 2018 and 2024 due to trade policy changes. European Union 

tariffs remained more stable but still averaged 4-6% on most electronics categories. 
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[TABLE 1: Comparative Manufacturing Costs by Region (2024)] 

Cost Category China Vietnam United States Poland 

Hourly Labor Cost ($) 6.80 3.90 28.50 14.20 

Electricity ($/kWh) 0.08 0.09 0.11 0.13 

Factory Lease ($/sq.m/year) 95 68 142 108 

Logistics to US Market ($) 5,200 4,900 850 3,100 

Average Tariff (%) 18.7 8.2 0 0 

Note: Labor costs represent manufacturing sector averages including benefits; Logistics costs represent 40-foot 

container shipping to major US distribution centers; Factory lease costs based on industrial zone averages 

 

6.2 Automation Technology Trends 

Automation technology costs and capabilities have evolved rapidly. Industrial robot prices declined from an 

average $46,000 per unit in 2015 to $27,000 in 2024 for standard models, while performance metrics like speed, 

precision, and flexibility improved substantially. Collaborative robots (cobots) designed to work alongside 

humans dropped from $35,000 to $18,000 over the same period, making automation accessible to smaller 

production runs. 

 

However, automation investment extends beyond robot purchases to include system integration, programming, 

maintenance infrastructure, and workforce training. Total automation implementation costs typically run 3-4 times 

the equipment purchase price, creating significant capital requirements. For consumer electronics assembly lines, 

achieving 80% automation levels requires investments of $15-25 million depending on product complexity and 

production volume. 

 

6.3 Supply Chain Disruption Patterns 

Analysis of supply chain disruption data from 2020-2024 quantifies risks in offshore production models. Major 

disruptions—defined as events causing production delays exceeding 2 weeks—occurred at an average frequency 

of 1.8 events per year for manufacturers relying on Chinese production, compared to 0.6 events per year for those 

with North American facilities. Average disruption duration was 6.2 weeks for Asian supply chains versus 2.8 

weeks for domestic production. 

 

These disruptions carried substantial financial costs. Revenue losses during supply interruptions averaged $12-18 

million per week for large manufacturers, while rushed alternative sourcing added 35-60% cost premiums. 

Inventory buildup to buffer against disruptions created additional carrying costs of 18-24% annually on safety 

stock value. 

 

ANALYSIS OF PRIMARY DATA - DIGITAL TWIN SIMULATION RESULTS 

 

7.1 Baseline Production Economics 

Digital twin simulations of current offshore production established baseline economics for comparison. For 

smartphones (Manufacturer A), offshore production in China yielded total costs of $142 per unit including $68 in 

component costs, $31 in assembly labor, $18 in overhead, $14 in transportation and tariffs, and $11 in inventory 

carrying costs. Laptops (Manufacturer B) showed similar patterns with $386 total unit costs. Smart home devices 

(Manufacturer C) averaged $47 per unit due to simpler assembly requirements. 

 

These baselines incorporate not just direct production costs but also supply chain expenses often overlooked in 

simplistic cost comparisons. Transportation and tariffs alone represented 9.9% of total smartphone costs, while 

inventory costs from 45-day average supply chain lead times added another 7.7%. These "hidden" offshore costs 

total approximately 18% of product costs, substantially higher than typically assumed. 

 

7.2 Reshoring Scenario Economics 

Simulation of reshoring scenarios revealed significant variations by product type and automation level. For 

smartphones with current automation levels, US reshoring increased total unit costs to $178 (+25% versus offshore 

baseline), primarily driven by labor cost differentials. However, with high automation, US production costs 

declined to $151 (+6% versus offshore), approaching cost parity. The automation investment required was 

approximately $22 million for a facility producing 2 million units annually. 
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Laptops showed different patterns. Current automation reshoring to the US increased costs to $445 (+15% versus 

offshore), but high automation reduced this to $398 (+3% versus offshore). The larger product size and lower 

production volumes meant transportation savings from reshoring were more substantial, offsetting labor cost 

increases more effectively than for smartphones. 

 

Smart home devices demonstrated strongest reshoring viability. Even with current automation, US production 

cost $53 (+13% versus offshore), while high automation achieved $44 (actually 6% below offshore baseline). The 

combination of lower product value, high shipping costs relative to product price, and simple assembly processes 

created favorable reshoring economics. 

 

[TABLE 2: Simulation Results - Total Unit Costs by Scenario ($)] 

Product Offshore 

Baseline 

US - Current 

Auto 

US - High 

Auto 

Poland - Current 

Auto 

Poland - High 

Auto 

Smartphone 142 178 151 162 138 

Laptop 386 445 398 418 381 

Smart Device 47 53 44 49 42 

Cost Change 

(%) 

-- +15.5% +3.2% +10.2% -1.8% 

Note: Values represent simulation averages across 1,000 iterations; Current Auto maintains existing automation 

levels; High Auto represents 80% increase in automated processes; Poland represents European reshoring option 

 

7.3 Supply Chain Performance Metrics 

Beyond pure cost economics, digital twin simulations quantified supply chain performance differences across 

scenarios. Average lead times from order to delivery decreased from 47 days in offshore scenarios to 12 days in 

US reshoring scenarios—a 74% reduction. This lead time compression enabled inventory reductions of 55%, 

substantially lowering working capital requirements. 

 

Supply chain disruption modeling revealed reshoring's resilience benefits. Offshore scenarios experienced 

simulated major disruptions in 23% of annual cycles, causing average revenue losses of $8.4 million per disruption 

event. Reshored scenarios showed disruption frequency of only 7% with average losses of $2.1 million per event. 

The expected annual disruption cost therefore declined from $1.93 million for offshore production to $0.15 million 

for reshored production. 

 

However, reshoring introduced new vulnerabilities. Offshore facilities benefited from supplier ecosystem density, 

with alternative component sources readily available. Reshored facilities faced less developed supplier networks, 

creating dependency on fewer vendors. The simulation revealed that while disruption frequency decreased with 

reshoring, recovery times for certain disruption types actually increased due to limited alternative sourcing 

options. 

 

7.4 Automation Impact Analysis 

Detailed analysis of automation's role in reshoring viability revealed clear patterns. For every $1 million in 

automation investment, average unit costs declined by $0.42-0.68 depending on product complexity and 

production volumes. However, these benefits followed a curve of diminishing returns—initial automation 

investments (0-40% of processes) yielded cost reductions of approximately $0.65 per $1 million invested, while 

advanced automation (60-80% of processes) yielded only $0.38 per $1 million. 

 

The breakeven analysis showed that automation investments for reshoring became financially viable when 

production volumes exceeded certain thresholds. For smartphones, the automation investment required for cost-

competitive reshoring achieved positive NPV at production volumes above 1.8 million units annually with a 4.2-

year payback period. Laptops required 850,000 annual units for viability with 5.1-year payback. Smart home 

devices showed the most favorable economics, reaching breakeven at 1.2 million units with 3.6-year payback. 

 

Labor content analysis revealed why automation impacts varied by product. Smartphones required 42 minutes of 

direct labor per unit in baseline offshore production, while high automation reduced this to 6 minutes—an 86% 

reduction. However, since labor represented only 22% of total costs, this dramatic labor reduction translated to 
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just 19% total cost savings. For smart devices with higher labor content (31% of costs), similar automation levels 

achieved 24% total cost reductions. 

[FIGURE 2: Cost Competitiveness by Automation Level] 

 

This line graph displays the relationship between automation investment and total unit costs across different 

reshoring scenarios. The x-axis shows automation investment levels from $0 to $30 million in $5 million 

increments. The y-axis shows total unit cost as a percentage relative to offshore baseline, ranging from 80% to 

140%. Four distinct lines represent different scenarios: US Reshoring (smartphones) starts at 125% with zero 

automation and declines to 106% at maximum automation, shown as a solid blue line. US Reshoring (laptops) 

begins at 115% and decreases to 103%, represented by a dashed green line. Smart Devices start at 113% and 

decline to 94%, shown as a solid orange line. A horizontal reference line at 100% marks cost parity with offshore 

production. The graph clearly illustrates diminishing returns to automation investment—the lines show steeper 

declines initially that flatten at higher investment levels. A shaded region between 95-105% is labeled "Cost Parity 

Zone." The graph includes a legend identifying each product line and key breakeven points marked with dots. 

 

7.5 Sensitivity Analysis 

Sensitivity analysis identified which parameters most strongly influence reshoring viability. Labor cost 

differential emerged as the dominant factor, with a 10% change in wage gaps shifting total costs by 4.2-6.8% 

depending on automation levels. Transportation costs ranked second—a 10% change in shipping costs altered 

total costs by 1.8-3.4%, with greater impact on lower-value products. Tariff rates showed 1:1 relationships with 

cost changes, meaning a 10 percentage point tariff increase directly added 10% to landed costs of imported 

products. 

 

Automation technology costs demonstrated moderate sensitivity. A 10% decline in automation equipment prices 

improved reshoring economics by reducing total costs by 0.8-1.4%, meaningful but insufficient to fundamentally 

alter viability conclusions. Production volumes showed threshold effects—below certain volumes, fixed 

automation costs made reshoring unviable regardless of other parameters, while above thresholds, reshoring 

became increasingly attractive. 
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[FIGURE 3: Sensitivity Analysis - Impact on Reshoring Viability] 

 

This tornado chart displays the relative impact of different parameters on reshoring cost competitiveness. The 

chart is arranged horizontally with a central vertical axis at 0% cost change. Each parameter is represented by a 

horizontal bar extending both left (negative impact) and right (positive impact) from the center. The bars are 

ordered from largest total impact at the top to smallest at the bottom. Labor Cost Differential shows the widest 

bar, extending from -8.2% to +8.2%, colored in dark blue. Transportation Costs is second with -4.1% to +4.1% in 

medium blue. Tariff Rates extends -3.8% to +3.8% in light blue. Automation Equipment Cost shows -2.2% to 

+2.2% in green. Production Volume displays -1.8% to +1.8% in yellow. Energy Costs has the smallest range at -

0.9% to +0.9% in orange. Each bar is labeled with the parameter name on the left and percentage ranges on both 

ends. The chart title reads "Parameter Sensitivity: Impact on Total Cost Difference (Reshoring vs Offshore)" with 

a subtitle explaining that bars represent cost change from a 10% parameter variation. 

 

DISCUSSION 

 

8.1 Interpretation of Findings 

The digital twin simulation results provide nuanced insights into reshoring viability that challenge simplistic 

narratives. Complete reshoring with current automation levels remains economically unviable for most consumer 

electronics, with cost premiums of 10-25% making competitiveness impossible. However, selective reshoring 

combined with substantial automation investment can achieve cost parity or even cost advantages for specific 

product categories. 

 

The finding that smart home devices show strongest reshoring potential while smartphones remain most 

challenging reflects fundamental product economics. High-value, compact products like smartphones can absorb 

transportation costs easily, making geography less important. Lower-value, bulkier products like smart speakers 

face transportation costs representing 15-20% of product value, creating strong incentives for production near 

markets. 

 

The supply chain resilience benefits of reshoring proved substantial but difficult to quantify in traditional financial 

terms. Reduced disruption frequency and faster recovery times create value through revenue protection and 

reduced emergency costs, but these benefits materialize irregularly rather than as consistent cash flows. 

Manufacturers must therefore weigh certain cost increases against uncertain but potentially catastrophic disruption 

risks. 
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8.2 Theoretical Implications 

This research advances reshoring theory by demonstrating that location decisions cannot be reduced to simple 

labor cost arbitrage. The digital twin framework reveals how production economics emerge from complex 

interactions between labor, capital, logistics, inventory, and disruption risks. Automation fundamentally alters 

these relationships by changing the relative importance of different cost components. 

 

The findings support portfolio theory approaches to global production networks. Rather than binary offshore-

versus-reshore choices, optimal strategies likely involve hybrid models with different products, production stages, 

or market-serving facilities located based on specific economic and strategic criteria. Digital twin optimization 

provides the analytical tools to design such portfolio approaches systematically. 

 

8.3 Practical Implications 

For consumer electronics manufacturers, the research provides actionable decision frameworks. Products with 

high shipping costs relative to value, substantial tariff exposure, or time-sensitive market requirements show 

strongest reshoring potential. Companies should prioritize these categories for detailed reshoring analysis using 

digital twin or similar comprehensive modeling approaches. 

 

Automation investment emerges as the critical enabler but requires careful financial analysis. The upfront capital 

requirements are substantial—$15-25 million for typical electronics assembly facilities—and must be justified 

through either cost savings, volume growth, or risk reduction benefits. Manufacturers should pursue automation 

whether reshoring or not, as technology costs continue declining while labor costs rise globally. 

 

Supply chain design requires rethinking beyond cost minimization. The pandemic demonstrated that optimizing 

purely for cost creates brittle systems vulnerable to disruptions. Incorporating resilience metrics alongside cost in 

location decisions—precisely what digital twin frameworks enable—leads to more robust strategies balancing 

efficiency with reliability. 

 

8.4 Limitations and Future Research 

This study's limitations suggest several research directions. The digital twin model could be enhanced with 

dynamic market demand modeling, currency exchange rate fluctuations, and political risk factors. Longitudinal 

studies tracking actual reshoring implementations would validate simulation predictions and identify unexpected 

challenges. Comparative research across additional industries would test whether findings generalize beyond 

consumer electronics. 

 

Future research should also examine organizational and workforce dimensions of reshoring beyond pure 

economics. Transitioning to highly automated domestic facilities requires different skill sets, management 

approaches, and organizational cultures than traditional offshore models. Understanding these human factors is 

essential for successful reshoring implementation. 

[FIGURE 4: Reshoring Decision Framework] 
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This decision flowchart provides a structured approach for evaluating reshoring viability. Starting at the top with 

"Product Category Assessment," the chart flows downward through decision diamond shapes and rectangular 

process boxes. The first decision point asks "High shipping cost relative to value?" with Yes leading to "Strong 

Reshoring Candidate" and No proceeding to the next decision. The second decision asks "Substantial tariff 

exposure?" The third decision evaluates "High automation potential?" The flowchart branches through various 

paths, ultimately leading to one of four outcomes shown in colored boxes at the bottom: "Priority Reshoring 

Candidate" (dark green), "Conditional Reshoring - Requires Automation Investment" (light green), "Hybrid 

Strategy Recommended" (yellow), or "Maintain Offshore Production" (red). Annotations along the paths indicate 

key considerations like production volume requirements, automation ROI thresholds, and supply chain resilience 

priorities. The flowchart uses clear visual hierarchy with decision diamonds in blue, process boxes in gray, and 

outcome boxes in color-coded rectangles. 

 

CONCLUSION 

 

This research demonstrates that consumer electronics reshoring viability depends fundamentally on the interplay 

between product characteristics, automation levels, and supply chain configurations rather than any single factor. 

The digital twin optimization framework developed here enables comprehensive evaluation of these complex 

relationships, moving beyond simplistic cost comparisons to capture true economic trade-offs. 

 

The analysis achieves its primary objective by quantifying reshoring economics across product categories and 

automation scenarios, revealing that selective reshoring with high automation can achieve cost parity while 

delivering supply chain resilience benefits. Secondary objectives were similarly met through identification of key 

cost drivers, comparison of reshoring strategies, evaluation of automation impacts, and development of evidence-

based recommendations. 

 

Three critical findings emerge from this research. First, automation investment serves as the primary mechanism 

making reshoring economically viable, reducing labor cost differentials to manageable levels while improving 

quality and flexibility. Second, product characteristics—particularly value-to-weight ratios and assembly 

complexity—create substantial heterogeneity in reshoring potential across electronics categories. Third, supply 

chain resilience benefits, while difficult to quantify, can justify modest cost premiums particularly given recent 

disruption experiences. 

 

The digital twin methodology proves valuable for strategic manufacturing location decisions. Traditional analysis 

tools struggle to capture the dynamic, interconnected nature of modern supply chains. Digital twins enable holistic 

evaluation incorporating production economics, logistics networks, inventory dynamics, and disruption scenarios 

in unified frameworks. This capability becomes increasingly important as supply chains face mounting complexity 

and uncertainty. 

 

Manufacturers should adopt portfolio approaches to production location rather than wholesale reshoring or 

continued complete offshoring. Different products, components, or production stages may warrant different 

locations based on specific economic and strategic factors. High-value, low-volume products with substantial 

automation potential show strongest reshoring candidates. Commodity products with extreme price sensitivity 

likely require continued offshore production even with automation. Hybrid strategies combining offshore 

component production with final assembly near markets may optimize both cost and responsiveness. 

 

The automation imperative extends beyond reshoring decisions. Whether maintaining offshore facilities or 

reshoring production, manufacturers must invest heavily in advanced manufacturing technologies to remain 

competitive. Labor cost advantages in traditional offshore locations continue eroding while automation costs 

decline, making technology adoption increasingly essential regardless of geography. 

 

Policy implications suggest that government initiatives supporting reshoring should focus on automation 

infrastructure rather than direct subsidies. Tax incentives for manufacturing technology investments, workforce 

training programs for advanced manufacturing skills, and research funding for production innovation would 

enable broader reshoring than location-specific subsidies. Infrastructure investments in logistics networks, reliable 

energy supply, and digital connectivity create foundation conditions for competitive domestic manufacturing. 
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Looking forward, consumer electronics manufacturing will likely evolve toward distributed production networks 

rather than concentrated offshore hubs. This transition will unfold over years or decades rather than immediately, 

as manufacturers gradually shift production for products where economics justify relocation while maintaining 

offshore capacity for other categories. Digital twin optimization frameworks will play central roles in guiding 

these strategic transitions. 

 

This research contributes methodologically by developing integrated digital twin frameworks for strategic location 

analysis and practically by demonstrating that selective, strategically planned reshoring can be economically 

viable in consumer electronics despite conventional wisdom suggesting otherwise. The path forward requires 

neither wholesale reshoring nor continued pure offshoring, but rather thoughtful portfolio approaches guided by 

comprehensive analytical frameworks that capture the full complexity of global production economics. 
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