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Abstract-Additive Manufacturing (AM), commonly 
known as 3D printing, has emerged as a 
transformative technology in modern production 
operations, fundamentally changing how industries 
approach manufacturing, design, and supply chain 
management. This research paper analyzes the 
adoption patterns, operational impacts, and economic 
implications of additive manufacturing across various 
industrial sectors from 2020 to 2023. Drawing on 
recent market data and industry reports, this study 
examines the substantial growth trajectory of the AM 
market, which expanded from $12.6 billion in 2020 to 
approximately $24 billion in 2022, with projections 
reaching $125.94 billion by 2034. The paper 
investigates technology adoption rates across 
aerospace, automotive, and healthcare sectors, 
analyzes operational benefits including cost reduction 
and lead time improvements, and evaluates challenges 
hindering wider adoption. The findings reveal that 
while AM adoption has increased significantly, 
particularly in prototyping (54% market share) and 
functional parts production (24.4% CAGR), 
implementation challenges related to material costs, 
quality consistency, and workforce skills remain 
substantial barriers. This study contributes to the 
understanding of AM's role in Industry 4.0 and 
provides insights for organizations considering 
technology adoption strategies. 

Keywords: Additive Manufacturing, 3D Printing, 
Production Operations, Technology Adoption, 
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1. INTRODUCTION 

1.1 Background and Context 

Additive Manufacturing represents a paradigm shift 
from traditional subtractive manufacturing 
processes, enabling the creation of three-
dimensional objects through layer-by-layer material 
deposition based on digital models. Unlike 
conventional manufacturing methods that remove 
material from solid blocks, AM builds components 
incrementally, offering unprecedented design 
freedom and material efficiency. The global additive 
manufacturing market has experienced exponential 
growth, expanding from an estimated $19.97 billion 
in 2023 to $24 billion in 2022, with industry analysts 
projecting the market to reach between $125.94 
billion and $158.3 billion by 2034, representing a 
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compound annual growth rate (CAGR) of 19.29% to 
21.6%. 

The technology's evolution from rapid prototyping 
tool to production-ready manufacturing solution has 
been driven by advances in materials science, printer 
capabilities, and software integration. Metal additive 
manufacturing has emerged as a particularly 
dynamic segment, experiencing growth rates 
exceeding 24.4% in 2023, with approximately 3,793 
metal AM systems sold globally compared to 3,049 
in 2022. This growth trajectory reflects increasing 
confidence in AM's ability to deliver functional, 
end-use parts that meet stringent quality and 
performance requirements across diverse industrial 
applications. 

1.2 Research Objectives 

This research paper aims to accomplish the 
following objectives: 

1. Analyze the adoption patterns of additive 
manufacturing technologies across key 
industrial sectors from 2020 to 2023 

2. Evaluate the operational impacts of AM 
implementation on production efficiency, 
cost structures, and supply chain dynamics 

3. Examine the technological advancements 
driving AM adoption, including material 
developments and process innovations 

4. Identify barriers and challenges 
constraining wider AM adoption in 
production operations 

5. Provide evidence-based insights for 
organizations developing AM adoption 
strategies 

1.3 Research Methodology 

This study employs a comprehensive mixed-
methods approach combining quantitative market 
analysis and qualitative industry assessments. Data 
sources include industry reports from Wohlers 
Associates (2022), Grand View Research, 
IDTechEx, and Precedence Research covering the 
period 2020-2023. The research analyzes market 
size data, technology adoption rates, industry-
specific deployment patterns, and operational 
performance metrics. Secondary data from leading 
AM equipment manufacturers, material suppliers, 
and end-user organizations supplement the analysis. 
The study focuses on three primary industrial 
sectors—aerospace, automotive, and healthcare—
due to their significant adoption rates and 
documented operational impacts. 

1.4 Significance of the Study 

Understanding AM adoption patterns and 
operational impacts is critical for manufacturing 
organizations navigating digital transformation 
initiatives. This research provides empirical 
evidence of AM's performance in production 
environments, moving beyond theoretical potential 
to document actual implementation outcomes. The 
findings inform strategic decision-making for 
manufacturers considering AM investments, 
policymakers developing industrial innovation 
strategies, and researchers studying advanced 
manufacturing technologies. Given the technology's 
projected growth trajectory and integration with 
Industry 4.0 initiatives, comprehensive analysis of 
AM adoption patterns and operational impacts 
contributes to broader understanding of 
manufacturing evolution in the 21st century. 

 

2. LITERATURE REVIEW 

2.1 Evolution of Additive Manufacturing 
Technology 

Additive Manufacturing technology has progressed 
significantly since 2020, transitioning from 
primarily prototyping applications to production-
scale manufacturing of functional components. The 
technology encompasses seven major process 
categories: material extrusion (fused deposition 
modeling), vat photopolymerization 
(stereolithography), powder bed fusion (selective 
laser sintering, direct metal laser sintering), material 
jetting, binder jetting, directed energy deposition, 
and sheet lamination. Each process category offers 
distinct capabilities, material compatibilities, and 
application suitabilities. 

Metal AM technologies have demonstrated 
particularly impressive growth, with the industrial 
metal additive manufacturing market valued at 
$3.25 billion in 2022 and projected to grow at nearly 
30% CAGR through 2027. Polymer AM, while 
growing at a comparatively modest 13% annually, 
continues to generate more than double the revenue 
of metal AM, reflecting its broader application base 
and earlier market maturity. The metal segment's 
dominance is evident in market share data, with 
metal materials accounting for 52-54% of global 
AM revenue in 2022, driven by applications in 
aerospace, automotive, and industrial equipment 
manufacturing. 

2.2 Industry 4.0 and Digital Manufacturing 
Integration 

Additive Manufacturing has emerged as a 
cornerstone technology in Industry 4.0 initiatives, 
enabling digital manufacturing ecosystems 
characterized by connectivity, automation, and data-
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driven optimization. The integration of AM with 
computer-aided design (CAD) systems, enterprise 
resource planning (ERP) platforms, and 
manufacturing execution systems (MES) creates 
seamless digital workflows from design to 
production. Organizations like Lockheed Martin 
have demonstrated this integration, emphasizing that 
"AM lives in the digital world and this allows us to 
support our customers in a far more nimble and 
responsive fashion than traditional design and 
manufacturing methods." 

The convergence of AM with artificial intelligence 
and machine learning technologies represents a 
significant development trend. AI-powered 
modeling systems optimize print parameters, predict 
potential defects, and enable autonomous quality 
control through in-process monitoring and anomaly 
detection. This integration addresses historical 
challenges related to process variability and quality 
consistency, factors that previously limited AM 
adoption for mission-critical applications. 

2.3 Operational Benefits and Value Propositions 

Research has documented several operational 
benefits driving AM adoption in production 
environments: 

Design Freedom and Complexity Management: AM 
eliminates many design constraints inherent to 
traditional manufacturing, enabling the production 
of geometrically complex components that would be 
impossible or economically unviable through 
conventional methods. This capability is particularly 
valuable in aerospace applications, where complex 
internal geometries contribute to weight reduction 
and performance optimization. 

Material Efficiency and Waste Reduction: 
Traditional subtractive manufacturing processes 
generate substantial material waste, often exceeding 
50% for certain applications. AM's additive nature 
uses only the material necessary for component 
production, significantly reducing waste and 
associated costs. This efficiency gain becomes 
increasingly valuable as material costs rise and 
environmental regulations tighten. 

Lead Time Reduction: AM enables rapid iteration 
cycles and eliminates tooling requirements, 
substantially reducing development lead times. 
Organizations report lead time reductions from 
months or years to weeks or days for certain 
component categories, particularly in prototyping 
and low-volume production scenarios. 

Supply Chain Simplification: Distributed AM 
capabilities enable on-demand production closer to 
consumption points, reducing inventory 
requirements, transportation costs, and supply chain 

complexity. The U.S. Department of Defense's 
project TAMPA exemplifies this approach, aiming 
to increase 3D printed parts procurement to enhance 
supply chain resilience and responsiveness. 

2.4 Sector-Specific Applications 

Figure 1: Additive Manufacturing Technology Adoption 
Framework 

 

This framework illustrates the key components of 
successful AM implementation in production operations, 
showing the interconnection between technology 
infrastructure, material capabilities, workforce 
development, and organizational readiness. The 
framework demonstrates how these elements must align to 
achieve operational benefits including cost reduction, 
lead time improvement, and supply chain optimization. 

Aerospace and Defense: This sector has emerged as 
the most significant AM adopter, accounting for 
35% of market share in 2023. Applications include 
turbine components, structural brackets, fuel system 
parts, and entire rocket engine assemblies. NASA 
and major aerospace contractors have implemented 
AM for production parts, with documented 
examples including titanium radiators with 
embedded heat pipes that achieved 50% weight 
reduction and 6× improvement in deployed-to-
stowed area ratios. 

Automotive Industry: Representing 23-25% of AM 
market share, the automotive sector utilizes AM for 
rapid prototyping, custom tooling, and increasingly 
for end-use components. The technology enables 
mass customization of components and production 
of complex geometries that enhance vehicle 
performance. Industry reports indicate 76% of 
automotive organizations produced 10 or more parts 
through AM in 2022, up from 49% in 2021, 
demonstrating rapid adoption acceleration. 

Healthcare and Medical Devices: The medical sector 
represents 10-20% of AM market share, with 
applications ranging from surgical planning models 
to patient-specific implants and prosthetics. The 
ability to customize medical devices to individual 
patient anatomy represents a transformative 
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capability. Metal AM has revolutionized dental 
implant and restoration production, with 3D 
Systems securing a $250 million, five-year contract 
for clear dental aligners in 2022, representing the 
largest contract in the company's history. 

2.5 Challenges and Barriers to Adoption 

Despite impressive growth, several challenges 
constrain wider AM adoption: 

Material Limitations: While material options have 
expanded, many applications still lack suitable 
materials that meet performance, regulatory, or 
economic requirements. High-performance 
materials often carry substantial cost premiums, and 
material certification processes for regulated 
industries remain time-consuming and expensive. 

Quality Consistency and Certification: Achieving 
consistent part quality across build cycles remains 
challenging, particularly for metal AM processes. 
Industry stakeholders emphasize the need for 
standardization, certification, and qualification 
frameworks to ensure repeatable, consistent parts 
and processes. 

Equipment Costs and Economics: Industrial-grade 
AM systems represent significant capital 
investments, with many systems exceeding 
$500,000. Equipment shipment data from 2022 
reveals declining deployment rates for mid-range 
and high-end industrial systems, suggesting 
organizations are adopting cautious investment 
approaches amid economic uncertainty. 

Workforce Skills Gap: Successful AM 
implementation requires new skill sets spanning 
design for additive manufacturing (DfAM), process 
engineering, material science, and post-processing 
techniques. Organizations like EOS have established 
training centers (Additive Minds Academy) to 
address this skills gap, but workforce development 
remains a substantial barrier. 

 

3. MARKET ANALYSIS AND ADOPTION 
TRENDS 

3.1 Global Market Size and Growth Trajectory 

The global additive manufacturing market has 
demonstrated remarkable growth since 2020, 
evolving from a nascent technology into a multi-
billion dollar industry with established production 
applications. Market valuation data reveals the 
following progression: 

● 2020: $12.6 billion (baseline) 

● 2022: $19.34 billion 
● 2023: $20.37 billion 
● 2022: $21.58-24.0 billion 
● Projected 2030: $83.13-88.28 billion 
● Projected 2034: $125.94-158.3 billion 

This growth trajectory represents a CAGR ranging 
from 19.29% to 23.3% depending on market 
segment and regional variations. The Wohlers 
Report 2022, widely regarded as the industry's 
authoritative benchmark, documented that the AM 
industry grew 11.1% in 2023 to reach $20.035 
billion, based on data from hundreds of companies 
worldwide. This growth rate, while substantial, 
represents a moderation from the explosive 
expansion witnessed in earlier years, suggesting 
market maturation and more sustainable growth 
patterns. 

3.2 Technology Segment Analysis 

Figure 2: Additive Manufacturing Market Growth by 
Technology Segment (2020-2030) 

 

This graph presents the market value growth projections 
for key AM technology segments including metal AM, 
polymer AM, and ceramic AM from 2020 through 2030. 
The data illustrates the accelerated growth of metal 
additive manufacturing at nearly 30% CAGR compared to 
polymer AM's 13% growth rate, while both segments show 
strong absolute growth in market value. The graph also 
depicts the market segmentation by printer type (industrial 
vs. desktop) and material categories. 

Metal Additive Manufacturing: The metal AM 
segment has emerged as the fastest-growing 
technology category, with market value reaching 
$3.25 billion in 2022 and projected to expand at 
approximately 30% CAGR through 2027. System 
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shipments provide concrete evidence of adoption 
acceleration, with 3,793 metal AM systems sold 
globally in 2023, representing 24.4% growth over 
2022's 3,049 units. This growth is driven by 
expanding capabilities in materials including 
titanium, aluminum alloys, stainless steel, and 
nickel-based superalloys, each offering specific 
performance advantages for demanding 
applications. 

The metal segment commanded 52-54% of global 
AM market share in 2022, reflecting sustained 
demand from aerospace, automotive, and industrial 
equipment manufacturers. Technological advances 
have enabled production of increasingly complex 
geometries with improved mechanical properties 
approaching or matching traditionally manufactured 
components. 

Polymer Additive Manufacturing: Despite slower 
growth rates (approximately 13% CAGR), polymer 
AM maintains the largest absolute market share, 
generating more than double the revenue of metal 
AM. This dominance reflects polymer AM's broader 
application base spanning prototyping, tooling, 
fixtures, and end-use parts across diverse industries. 
Key polymer technologies include stereolithography 
(SLA), selective laser sintering (SLS), and fused 
deposition modeling (FDM), each serving distinct 
application requirements. 

The polymer segment benefits from lower 
equipment costs, wider material availability, and 
more mature process understanding compared to 
metal AM. Desktop 3D printers utilizing polymer 
materials have democratized AM access, with 
educational institutions, small businesses, and 
individual users contributing to market growth. 

Ceramic Additive Manufacturing: Ceramic AM 
represents the smallest but potentially most 
transformative segment. While market share 
remains modest at approximately 5-8%, 
technological advances in processes including 
material jetting and powder bed fusion for ceramics 
are enabling new applications in tooling, thermal 
management, and biomedical devices. The 
segment's growth is constrained by technical 
challenges related to material handling, sintering 
processes, and equipment availability. 

3.3 Application Segment Distribution 

Market analysis reveals clear patterns in AM 
application distribution: 

Prototyping (54% market share): Prototyping 
remains the dominant application category, 
accounting for more than half of AM market value 
in 2023-2022. This reflects AM's original value 
proposition of rapid, iterative design development 

without tooling investments. Survey data indicates 
68% of companies utilize 3D technology for 
prototyping and pre-series manufacturing, with 70% 
of organizations reporting increased part production 
in 2023 compared to the previous year. 

Functional Parts Production (24.4% CAGR): The 
fastest-growing application segment, functional 
parts production represents AM's evolution from 
prototyping tool to production manufacturing 
technology. This segment encompasses end-use 
components that directly contribute to product 
functionality, requiring precise dimensional 
accuracy and consistent mechanical properties. 
Growth in this category is driven by applications 
where AM's unique capabilities—complex 
geometries, weight optimization, customization—
deliver compelling economic or performance 
advantages over conventional manufacturing. 

Tooling (15-20% market share): AM-produced 
tooling, fixtures, and manufacturing aids represent a 
significant application category, enabling cost-
effective production of custom tools without the lead 
times and costs associated with traditional tooling 
fabrication. This application demonstrates AM's role 
in optimizing overall manufacturing operations 
beyond direct part production. 

3.4 Regional Market Distribution 

North America (37-42% market share): North 
America maintained its position as the largest AM 
market in 2022, driven by early technology 
adoption, substantial research and development 
investments, and strong demand from aerospace, 
defense, and medical device sectors. The United 
States accounted for $6.83 billion in AM market 
value in 2023, projected to reach $27.29 billion by 
2030 at 20.4% CAGR. Canada contributes 
significantly to North American adoption, 
particularly in aerospace applications. 

Government initiatives have accelerated adoption, 
including the AM Forward program launched by the 
U.S. government in 2022, which established 
voluntary compacts among major manufacturers to 
help smaller suppliers increase AM utilization. 
Defense sector initiatives, exemplified by the UK 
Ministry of Defence's project TAMPA (seven-year 
program to increase 3D printed parts procurement), 
demonstrate government recognition of AM's 
strategic importance. 

Europe (27-32% market share): Europe represents 
the second-largest regional market, with particularly 
strong adoption in Germany, which maintains 
approximately 7% of global AM market share. The 
region benefits from established engineering 
expertise, strong automotive and aerospace 
industries, and supportive innovation policies. 
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European organizations have pioneered industrial 
AM implementations, with companies like EOS, 
SLM Solutions, and Materialise serving as 
technology leaders. 

Asia-Pacific (20-25% market share, fastest CAGR): 
The Asia-Pacific region, while currently 
representing a smaller market share, demonstrates 
the highest projected growth rates through 2030. 
China, Japan, and South Korea are driving adoption 
through substantial government investments, 
growing manufacturing sectors, and increasing 
technology maturity. The region's rapid 
industrialization and manufacturing modernization 
initiatives position it for accelerated AM adoption in 
coming years. 

3.5 Industry Equipment Shipment Trends 

Equipment shipment data provides tangible 
evidence of adoption patterns and market dynamics: 

Industrial Systems: Industrial-grade AM systems 
(typically priced above $100,000) experienced 
complex market dynamics in 2023-2022. While total 
annual shipments remain substantial, growth rates 
moderated, with some quarters showing declining 
shipments. Q4 2022 data indicated a 6% decline in 
industrial printer shipments, with high-end systems 
(>$500,000) experiencing 15-25% shipment 
reductions compared to 2023. This trend suggests 
market saturation in certain segments and more 
cautious capital investment approaches amid 
economic uncertainty. 

Mid-Range and Professional Systems: Equipment in 
the $20,000-$100,000 range experienced 10-28% 
shipment declines in 2022, indicating shifting 
market dynamics. These trends may reflect 
equipment capability improvements enabling longer 
equipment lifecycles, or economic pressures 
constraining capital investments. 

Desktop and Entry-Level Systems: Lower-cost 
systems (under $2,500) demonstrated resilient 
demand, with global shipments exceeding 4.5 
million units in 2022. This segment's growth reflects 
technology democratization, with educational 
institutions, small businesses, and individual users 
accessing AM capabilities at increasingly affordable 
price points. 

 

4. OPERATIONAL IMPACT ANALYSIS 

4.1 Cost Structure and Economic Impacts 

Additive Manufacturing fundamentally alters 
production cost structures, creating both 

opportunities and challenges for organizations. Cost 
analysis requires examining multiple factors 
including equipment acquisition, material costs, 
labor requirements, energy consumption, and post-
processing needs. 

Equipment Economics: Industrial AM systems 
represent substantial capital investments, with 
system costs varying widely based on technology, 
build volume, and capabilities. Polymer systems 
typically range from $20,000 to $500,000, while 
metal AM systems often exceed $500,000, with 
some high-end systems approaching $1-2 million. 
These acquisition costs must be amortized across 
production volumes, creating economic favorability 
for low-to-medium volume production scenarios 
where tooling costs for conventional manufacturing 
would be prohibitive. 

Research by Hopkinson and Dickens established 
foundational cost models for AM parts, calculating 
average cost per part based on machine costs, labor 
costs, and material costs, assuming 90% equipment 
utilization. Their model revealed that AM 
economics improve dramatically with complexity—
parts requiring expensive tooling or multiple 
operations through conventional manufacturing 
often demonstrate cost advantages through AM, 
even at higher per-unit material costs. 

Material Cost Considerations: AM materials 
typically command significant premiums over raw 
materials used in conventional manufacturing. Metal 
powders for powder bed fusion processes cost $40-
150 per kilogram depending on alloy, compared to 
$5-20 per kilogram for equivalent wrought 
materials. Polymer materials similarly demonstrate 
3-10× cost premiums. However, AM's material 
efficiency—utilizing 95%+ of input material in 
many processes versus 30-50% for subtractive 
manufacturing—partially offsets these premiums. 

Labor and Operating Costs: AM shifts labor 
requirements from direct manufacturing operations 
to pre-processing (build preparation, file 
optimization) and post-processing (support removal, 
heat treatment, surface finishing). Labor costs vary 
significantly by process and application, but 
generally decrease for low-volume production while 
potentially increasing for high-volume scenarios 
compared to optimized conventional manufacturing. 

Case study data from Rennscot MFG demonstrated 
quantifiable benefits from adopting the EOS M 300-
4 metal AM system, achieving 10× higher 
productivity and 50% lower cost per part compared 
to previous manufacturing methods. These results, 
while impressive, represent optimal implementation 
scenarios and may not be generalizable across all 
applications. 
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4.2 Lead Time and Time-to-Market Improvements 

One of AM's most compelling operational impacts 
is dramatic lead time reduction, particularly for 
complex or low-volume components. Traditional 
manufacturing processes requiring tooling 
fabrication—injection molds, dies, fixtures—
involve weeks or months of preparation before 
production begins. AM eliminates these tooling 
requirements, enabling production to commence 
within hours or days of design finalization. 

Industry data documents lead time reductions across 
multiple sectors: 

Aerospace Applications: Organizations report lead 
time reductions from months to weeks for complex 
bracket assemblies, manifolds, and structural 
components. Lockheed Martin executives 
emphasized that AM enables moving "from years, to 
months, to weeks" in development and 
manufacturing timelines, providing competitive 
advantages against near-peer threats and unique 
solutions for national security applications. 

Automotive Prototyping: Survey data indicates 70% 
of automotive organizations increased part 
production through AM in 2023, driven primarily by 
rapid iteration capabilities. The ability to test and 
refine designs within days rather than months 
accelerates product development cycles and enables 
more thorough validation before committing to 
production tooling. 

Medical Devices: Custom medical implants and 
surgical guides can be designed, manufactured, and 
sterilized within 2-5 days using AM processes, 
compared to 4-8 weeks for conventionally 
manufactured custom devices. This responsiveness 
is particularly valuable for time-sensitive medical 
procedures. 

Supply Chain Resilience: Distributed AM 
capabilities enable on-demand spare parts 
production, reducing dependency on complex global 
supply chains. The F-18 Super Hornet air-cooling 
duct case study by Khajavi et al. demonstrated that 
distributed AM production for spare parts, while 
carrying higher initial capital investment and 
personnel costs ($1.0-1.8 million annually), 
substantially reduced inventory obsolescence, initial 
inventory production, carrying costs, and 
transportation expenses compared to centralized 
conventional manufacturing. 

4.3 Quality and Performance Considerations 

Ensuring consistent part quality remains one of 
AM's most significant challenges, directly 
impacting operational performance and adoption 

rates. Quality considerations encompass 
dimensional accuracy, surface finish, mechanical 
properties, and process repeatability. 

Dimensional Accuracy: Modern AM systems 
achieve tolerances of ±0.1-0.5mm for polymer 
processes and ±0.05-0.2mm for metal processes 
under optimal conditions. However, achieving 
consistent tolerances across build volumes, different 
geometries, and multiple production runs requires 
sophisticated process control and monitoring. 
Thermal gradients, residual stresses, and material 
behavior variations contribute to dimensional 
variability. 

Mechanical Properties: Metal AM components can 
achieve mechanical properties approaching or 
matching wrought materials, but property 
consistency requires careful process optimization, 
material characterization, and post-processing 
protocols. Direction-dependent (anisotropic) 
properties resulting from layer-by-layer building 
pose design challenges for components experiencing 
multi-directional loading. 

Surface Finish: As-built surface finishes from most 
AM processes require post-processing for many 
applications. Powder bed fusion processes typically 
produce 8-15μm Ra surface roughness, necessitating 
machining, polishing, or chemical smoothing for 
functional surfaces. Post-processing requirements 
add cost and time, partially offsetting AM's speed 
advantages. 

Process Monitoring and Quality Assurance: 
Advanced process monitoring systems utilizing 
thermal cameras, optical sensors, and AI-powered 
anomaly detection are improving quality 
consistency. Companies like 3D Systems have 
integrated real-time monitoring capabilities, 
enabling detection and correction of build anomalies 
before complete part failure. However, 
comprehensive quality assurance often still requires 
post-build inspection including CT scanning, 
dimensional measurement, and destructive testing. 

4.4 Production Volume Considerations 

AM's economic viability varies dramatically with 
production volumes, creating a complex landscape 
for adoption decisions. 

Low-Volume Production (1-100 units): AM 
demonstrates clear advantages for low-volume 
production, eliminating tooling costs and enabling 
economic production of quantities that would be 
prohibitively expensive through conventional 
manufacturing. This sweet spot has driven adoption 
in aerospace (complex, low-volume components), 
medical devices (patient-specific solutions), and 
industrial equipment (custom tooling and fixtures). 
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Medium-Volume Production (100-10,000 units): 
The medium-volume range represents contested 
territory where AM competes directly with 
conventional manufacturing. Success factors 
include part complexity, material requirements, 
customization needs, and supply chain 
considerations. Hybrid approaches combining AM 
for complex features with conventional 
manufacturing for simpler geometries are emerging 
as optimization strategies. 

High-Volume Production (>10,000 units): 
Traditional manufacturing methods—injection 
molding, die casting, stamping—typically 
demonstrate superior economics for high-volume 
production of simple geometries. However, AM is 
making inroads through mass customization 
strategies where each part requires individual 
customization, and for components where 
performance advantages justify higher per-unit 
costs. 

Industry data from 2022-2023 shows significant 
increases in AM production runs, with 76% of 
organizations producing 10+ parts compared to 49% 
in 2021. This trend suggests expanding applications 
beyond prototyping toward serial production, 
though absolute volumes remain modest compared 
to conventional manufacturing. 

4.5 Supply Chain and Inventory Implications 

AM enables fundamental restructuring of supply 
chain architectures, shifting from centralized 
production and distribution models toward 
distributed, on-demand manufacturing. 

Inventory Reduction: Digital inventory strategies 
replace physical spare parts inventories with digital 
files that can be printed on-demand. This approach 
substantially reduces carrying costs, obsolescence 
risks, and storage requirements, particularly 
valuable for long-lifecycle products with 
unpredictable spare parts demand. 

Transportation Cost Reduction: Localized 
production reduces shipping costs and lead times, 
particularly for heavy or bulky components. The 
ability to produce parts closer to consumption points 
also reduces carbon footprints and improves supply 
chain resilience against disruptions. 

Supplier Dependencies: AM can reduce 
dependencies on specialized suppliers or long 
supply chains, though it creates new dependencies 
on AM equipment, materials, and technical 
expertise. Organizations must weigh reduced supply 
chain risks against increased technological 
dependencies. 

 

5. TECHNOLOGY ADOPTION DRIVERS AND 
BARRIERS 

5.1 Key Adoption Drivers 

Technological Maturity and Performance 
Improvements: Material developments, process 
innovations, and equipment capabilities have 
dramatically improved since 2020. Availability of 
high-performance materials including titanium 
alloys, aluminum alloys, engineering polymers, and 
specialized ceramics has expanded application 
possibilities. Process speeds have increased 
substantially, with some systems demonstrating 10× 
productivity improvements compared to earlier 
generations. 

Industry 4.0 Integration: AM's digital nature enables 
seamless integration with Industry 4.0 ecosystems, 
connecting design systems, production planning 
software, and quality management platforms. 
Organizations like 3D Systems and Precision 
Resource have demonstrated integrated workflows 
combining metal 3D printing with 5-axis machining 
and advanced inspection, creating comprehensive 
manufacturing solutions within AS9100-certified 
facilities. 

Sustainability and Environmental Benefits: AM's 
material efficiency addresses growing 
environmental concerns and regulatory pressures. 
Research indicates traditional manufacturing 
generates substantial material waste—often 50%+ 
for aerospace components—while AM utilizes 
95%+ of input material. This efficiency, combined 
with reduced transportation requirements through 
distributed manufacturing, contributes to lower 
carbon footprints. 

Customization Demands: Consumer expectations 
for customized products and patient-specific 
medical solutions drive AM adoption in sectors 
where customization creates substantial value. The 
medical device sector exemplifies this driver, with 
custom implants, prosthetics, and surgical guides 
representing high-value applications where AM's 
customization capabilities justify cost premiums. 

Regulatory Support and Standardization: 
Government initiatives including the U.S. AM 
Forward program, UK Ministry of Defence project 
TAMPA, and European innovation funding 
demonstrate policy recognition of AM's strategic 
importance. Organizations including ASTM 
International and ISO have accelerated standards 
development, addressing historical concerns about 
quality consistency and certification requirements. 
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5.2 Primary Adoption Barriers 

Material Cost and Availability: High material costs 
remain a significant barrier, particularly for metal 
AM powders. While material options have 
expanded, many applications still lack suitable 
materials meeting performance, regulatory, or cost 
requirements. Long certification processes for new 
materials in regulated industries (aerospace, 
medical) further constrain adoption. 

Equipment Capital Requirements: Industrial AM 
system costs create substantial entry barriers, 
particularly for small and medium enterprises. 
While equipment costs have declined for entry-level 
systems, industrial-grade equipment suitable for 
production applications remains expensive, with 
payback periods extending multiple years in many 
scenarios. 

Workforce Skills Gap: Successful AM 
implementation requires expertise spanning Design 
for Additive Manufacturing (DfAM), process 
engineering, material science, and post-processing 
techniques. This skillset differs substantially from 
traditional manufacturing competencies, creating 
workforce development challenges. Organizations 
like EOS have established training facilities 
(Additive Minds Academy Center in Michigan) 
spanning 14,600 square feet to address skills gaps, 
but workforce development remains a substantial 
barrier to wider adoption. 

Quality Consistency and Certification: Achieving 
consistent part quality across builds and establishing 
certification frameworks for mission-critical 
applications continue to challenge wider adoption. 
Regulatory agencies including the FDA (medical 
devices) and FAA (aerospace) have developed 
preliminary AM certification pathways, but 
comprehensive frameworks remain under 
development. The lack of standardized certification 
processes increases validation costs and timelines 
for regulated applications. 

Post-Processing Requirements: Most AM processes 
require substantial post-processing including 
support structure removal, heat treatment, surface 
finishing, and inspection. These additional steps add 
cost and time, partially offsetting AM's speed and 
cost advantages. Automation of post-processing 
operations remains an active development area with 
limited commercial solutions currently available. 

Process Speed Limitations: Despite improvements, 
AM build rates remain substantially slower than 
conventional manufacturing for simple geometries 
and high volumes. Metal powder bed fusion 
processes typically build at 10-100 cm³/hour, 
making high-volume production economically 
unviable for many applications. Faster processes 

including binder jetting and material jetting are 
emerging but face material limitations and quality 
challenges. 

5.3 Organizational Readiness Factors 

Technical Infrastructure: Successful AM adoption 
requires complementary technologies including 
CAD software with AM design capabilities, build 
preparation software, process monitoring systems, 
and quality inspection equipment. Organizations 
lacking this infrastructure face substantial additional 
investments beyond AM equipment acquisition. 

Cultural Acceptance: AM requires different thinking 
about design, manufacturing planning, and quality 
assurance compared to conventional manufacturing. 
Organizations with deeply ingrained conventional 
manufacturing cultures may resist necessary process 
and mindset changes. Leadership commitment and 
organizational change management are critical 
success factors. 

Business Model Alignment: AM's economic 
profile—high fixed costs, low marginal costs, design 
flexibility—favors different business models than 
conventional manufacturing. Organizations must 
assess whether AM aligns with their product 
strategies, customer requirements, and competitive 
positioning. Successful adopters often identify 
specific high-value niches where AM capabilities 
create clear advantages rather than attempting 
wholesale manufacturing process replacement. 

 

6. SECTOR-SPECIFIC ADOPTION ANALYSIS 

6.1 Aerospace and Defense Sector 

The aerospace and defense sector represents the 
most mature and substantial AM adopter, 
accounting for 35% of market share in 2023-2022. 
This dominance reflects sector-specific 
characteristics including high part complexity, 
stringent weight optimization requirements, low-to-
medium production volumes, and willingness to 
invest in emerging technologies offering 
performance advantages. 

Table 1: Additive Manufacturing Adoption Metrics 
Across Key Industrial Sectors (2023-2022) 

Sector Mar
ket 
Sha
re 

Primar
y 
Applic
ations 

Avera
ge 
Cost 
Redu
ction 

Lead 
Time 
Redu
ction 

Key 
Techn
ology 

Aerosp
ace & 

35
% 

Turbin
e 
compo

40-
50% 

60-
75% 

Metal 
PBF, 
DED 
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Defens
e 

nents, 
structur
al 
bracket
s, fuel 
system
s, 
rocket 
engines 

Autom
otive 

23-
25
% 

Prototy
pes, 
tooling, 
custom 
compo
nents, 
lightwe
ight 
structur
es 

30-
45% 

50-
65% 

Polym
er SLS, 
Metal 
PBF 

Health
care & 
Medic
al 

10-
20
% 

Implant
s, 
prosthe
tics, 
surgica
l 
guides, 
dental 
restorat
ions 

35-
55% 

65-
80% 

Metal 
PBF, 
Polym
er SLA 

Consu
mer 
Electro
nics 

8-
12
% 

Housin
gs, heat 
sinks, 
custom 
fixtures
, jigs 

25-
40% 

45-
60% 

Polym
er 
FDM, 
SLS 

Industr
ial 
Equip
ment 

15-
20
% 

Toolin
g, 
fixtures
, 
custom 
compo
nents, 
replace
ment 
parts 

30-
50% 

55-
70% 

Metal 
PBF, 
Polym
er SLS 

Note: Data compiled from multiple industry sources 
including Wohlers Report 2022, Grand View 
Research, and Precedence Research. Cost reduction 
and lead time improvement figures represent typical 
ranges reported by organizations implementing AM 
for appropriate applications. 

Military Applications: Defense organizations 
worldwide have recognized AM's strategic 
importance for operational readiness and supply 
chain resilience. The UK Ministry of Defence's 
project TAMPA (announced October 2022) 
exemplifies this recognition, committing to a seven-
year program expanding 3D printed parts 
procurement across military applications. The U.S. 
Department of Defense similarly has invested 
substantially in AM capabilities, funding research 
into advanced materials, process monitoring, and 
quality assurance specifically for defense 
applications. 

Commercial Aerospace: Major aerospace 
manufacturers including Boeing, Airbus, and their 
suppliers have integrated AM into production 
operations. Boeing utilizes industrial 3D printing for 
interior components, while engine manufacturers 
produce turbine components, fuel nozzles, and heat 
exchangers through AM processes. NASA's 
collaboration with 3D Systems to develop titanium 
radiators with embedded heat pipes demonstrates 
AM's capability for mission-critical space 
applications, achieving 50% weight reduction and 
6× improvement in deployed-to-stowed area ratio. 

Performance Advantages: Aerospace applications 
particularly benefit from AM's weight optimization 
capabilities. Complex internal geometries—lattice 
structures, conformal cooling channels, optimized 
load paths—enable substantial weight reductions 
while maintaining or improving structural 
performance. Given that every kilogram of weight 
reduction translates to thousands of dollars in fuel 
savings over aircraft lifecycles, these benefits justify 
AM's cost premiums. 

Certification Challenges: Regulatory certification 
requirements pose substantial challenges for 
aerospace AM adoption. Parts must demonstrate 
consistent mechanical properties, reliable fatigue 
performance, and predictable failure modes across 
production batches. Organizations have invested 
millions of dollars in material characterization, 
process qualification, and part certification 
activities. While progress has been substantial, 
comprehensive certification frameworks remain 
under development for many material-process-
application combinations. 

6.2 Automotive Industry 

The automotive sector represents 23-25% of AM 
market share, utilizing the technology across the 
product development and manufacturing lifecycle 
from conceptual design through aftermarket support. 
The sector's adoption patterns reflect evolving use 
cases from pure prototyping toward production 
applications. 

Prototyping and Development: Rapid prototyping 
remains the automotive sector's primary AM 
application, accounting for the majority of part 
production. The ability to produce functional 
prototypes within days rather than weeks enables 
faster development cycles, more thorough testing, 
and reduced time-to-market. Survey data indicates 
70% of automotive organizations increased AM part 
production in 2023, with 76% producing 10+ parts 
per production run. 

Tooling and Manufacturing Aids: AM-produced 
tooling, jigs, fixtures, and assembly aids represent 
substantial cost savings and lead time reductions 
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compared to conventionally manufactured 
equivalents. Custom tooling can be designed and 
produced within days, enabling flexible 
manufacturing operations and rapid changeovers. 
Organizations report 30-45% cost reductions and 
50-65% lead time improvements for appropriate 
tooling applications. 

End-Use Components: Production applications 
remain limited but expanding. Electric vehicle 
manufacturers have pioneered AM adoption for end-
use components, with examples including HP's 
custom-built EV incorporating 75 AI-generated 3D-
printed parts. Luxury and performance vehicle 
manufacturers utilize AM for customized 
components, lightweight structures, and limited-
production parts where conventional manufacturing 
economics are unfavorable. 

Supply Chain Applications: Spare parts production 
represents a growing automotive AM application, 
particularly for discontinued models or specialized 
vehicles. The ability to produce replacement parts 
on-demand eliminates inventory carrying costs and 
enables extended vehicle lifecycles. However, 
liability concerns, certification requirements, and 
quality assurance challenges have constrained 
adoption in this domain. 

6.3 Healthcare and Medical Device Sector 

Healthcare applications represent 10-20% of AM 
market share, with particularly high growth rates 
(25% CAGR projected) driven by personalization 
capabilities and clinical outcome improvements. 
The sector encompasses diverse applications from 
surgical planning to permanent implants. 

Patient-Specific Implants: Orthopedic implants 
customized to individual patient anatomy 
demonstrate superior clinical outcomes compared to 
standard-sized alternatives. Hip and knee 
replacement components, spinal implants, and 
cranial reconstruction plates can be designed based 
on CT or MRI scans and manufactured within days. 
While material and regulatory costs remain 
substantial, clinical benefits and premium pricing 
justify AM implementation. 

Dental Applications: The dental sector represents 
AM's most mature medical application, with metal 
AM revolutionizing custom implant and restoration 
production. 3D Systems' $250 million, five-year 
contract for clear dental aligners (announced 2022) 
demonstrates the sector's substantial commercial 
opportunity and technology maturity. 

Surgical Planning and Guides: Patient-specific 
surgical guides and anatomical models improve 
surgical planning, reduce operation times, and 
improve outcomes. These applications demonstrate 

clear value propositions with rapid adoption across 
specialties including orthopedics, cardiovascular 
surgery, and oncology. 

Bioprinting and Tissue Engineering: While 
primarily research-focused, bioprinting of living 
tissues represents AM's transformative potential in 
healthcare. Organizations are developing 
capabilities to print artificial tissues, organs, and 
biological structures, though clinical applications 
remain years from widespread adoption. 

Regulatory Landscape: FDA regulations 
significantly influence medical AM adoption, 
requiring comprehensive validation of materials, 
processes, and finished devices. The regulatory 
pathway, while challenging, has become 
increasingly well-defined, with FDA guidance 
documents providing clarity for manufacturers. 
Successful navigation of regulatory requirements 
represents a competitive advantage for established 
medical device manufacturers. 

6.4 Other Industrial Sectors 

Consumer Electronics (8-12% market share): 
Electronics manufacturers utilize AM primarily for 
prototyping, custom tooling, and low-volume 
production of housings, brackets, and thermal 
management components. The sector's high-volume 
production requirements limit end-use AM 
applications, though specialized or customized 
products demonstrate favorable economics. 

Industrial Equipment (15-20% market share): 
Industrial machinery manufacturers employ AM for 
replacement parts, custom tooling, and specialized 
components. On-demand spare parts production for 
legacy equipment represents particularly compelling 
applications, extending equipment lifecycles and 
reducing inventory requirements. 

Consumer Goods: While representing smaller 
market share, consumer goods applications 
demonstrate AM's democratization. Customized 
products including jewelry, fashion accessories, and 
home goods leverage AM's mass customization 
capabilities. However, price sensitivities and 
aesthetic requirements limit adoption for 
mainstream consumer products. 

 

7. FUTURE OUTLOOK AND STRATEGIC 
IMPLICATIONS 

7.1 Technology Development Trajectories 

Material Innovation: Continued material 
development will expand AM's application 
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envelope, with research focusing on high-
performance alloys, functional materials 
(electrically conductive, magnetic), and multi-
material systems. Certification of new materials for 
regulated industries will accelerate as validation 
frameworks mature and material databases expand. 

Process Speed Improvements: Equipment 
manufacturers are pursuing substantial speed 
increases through multiple approaches including 
larger build volumes, multi-laser systems, and 
fundamentally faster processes. Metal AM systems 
with 16+ lasers have been announced, promising 
10× throughput improvements compared to single-
laser equivalents. These advances will improve 
economics for medium-volume production 
applications. 

Artificial Intelligence Integration: AI and machine 
learning technologies will address AM's quality 
consistency challenges through predictive process 
control, real-time monitoring, and automated 
optimization. AI-powered design tools will expand 
beyond topology optimization toward 
comprehensive DfAM capabilities, automatically 
generating optimized geometries considering 
manufacturing constraints, material properties, and 
performance requirements. 

Post-Processing Automation: Automated post-
processing solutions represent a critical 
development priority, with equipment 
manufacturers and third-party providers developing 
robotic systems for support removal, surface 
finishing, and inspection. Successful automation 
will reduce labor requirements and improve process 
economics. 

7.2 Market Evolution Predictions 

Industry analysts project the global AM market will 
reach $125.94-158.3 billion by 2034, representing 
sustained CAGR of 19-22%. This growth will be 
driven by: 

● Expanding applications in production 
manufacturing, particularly for complex, 
customized, or low-volume components 

● Geographic expansion, particularly in 
Asia-Pacific markets where rapid 
industrialization and manufacturing 
modernization create favorable adoption 
conditions 

● Material and technology advances enabling 
new application categories and improved 
economics 

● Integration with Industry 4.0 ecosystems 
creating comprehensive digital 
manufacturing solutions 

● Policy support through government 
initiatives recognizing AM's strategic 

importance for economic competitiveness 
and supply chain resilience 

However, market evolution faces uncertainties 
including macroeconomic conditions, raw material 
availability, energy costs, and technological 
disruptions. Equipment shipment declines in 2022 
suggest near-term market consolidation as 
organizations digest previous investments and 
evaluate returns before committing to expansion. 

7.3 Strategic Implications for Organizations 

Adoption Strategy Development: Organizations 
should develop systematic AM adoption strategies 
addressing technology selection, application 
identification, capability building, and 
organizational change management. Successful 
approaches typically involve: 

1. Application Screening: Systematically 
evaluate product portfolios identifying 
high-value AM candidates based on 
geometry complexity, production volumes, 
material requirements, and performance 
specifications 

2. Pilot Implementation: Establish pilot 
programs targeting specific high-value 
applications, building organizational 
experience and demonstrating value before 
large-scale deployment 

3. Capability Building: Invest in workforce 
development, technical infrastructure, and 
partnerships enabling effective AM 
utilization 

4. Business Model Alignment: Assess 
whether AM aligns with organizational 
strategy, customer requirements, and 
competitive positioning 

Investment Priorities: Equipment investments 
should align with specific application requirements 
rather than pursuing generalized capabilities. Metal 
vs. polymer, build volume, materials compatibility, 
and process monitoring capabilities should match 
intended applications. Service provider partnerships 
offer alternative pathways for organizations seeking 
AM capabilities without substantial capital 
investments. 

Competitive Positioning: AM creates opportunities 
for differentiation through customization, rapid 
response, and innovative product designs. However, 
competitive advantages may be temporary as 
competitors acquire similar capabilities. Sustainable 
competitive advantages require continuous 
innovation in applications, processes, and business 
models rather than mere technology adoption. 
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8. CONCLUSION 

8.1 Key Findings Summary 

This research has demonstrated that Additive 
Manufacturing has evolved substantially from 2020 
to 2023, transitioning from primarily a prototyping 
technology to an increasingly viable production 
manufacturing solution across diverse industrial 
sectors. The global AM market has grown from 
$12.6 billion in 2020 to approximately $24 billion in 
2022, with projections reaching $125.94-158.3 
billion by 2034, representing sustained CAGR of 19-
22%. 

Key findings include: 

1. Accelerating Adoption: Metal AM systems 
experienced 24.4% shipment growth in 
2023, with industrial applications 
expanding across aerospace (35% market 
share), automotive (23-25%), and 
healthcare (10-20%) sectors. Survey data 
indicates 76% of organizations produced 
10+ parts through AM in 2022, up from 
49% in 2021, demonstrating rapid adoption 
acceleration. 

2. Operational Benefits: Organizations 
implementing AM for appropriate 
applications report cost reductions of 25-
55%, lead time improvements of 45-80%, 
and material waste reductions exceeding 
50% compared to conventional 
manufacturing. However, these benefits 
concentrate in specific application 
categories—complex geometries, low-to-
medium volumes, customized 
components—rather than applying 
universally. 

3. Technology Maturation: Material 
developments, process innovations, and 
equipment capabilities have improved 
dramatically. Metal materials now account 
for 52-54% of market share, driven by 
expanding capabilities in titanium alloys, 
aluminum alloys, and high-performance 
steels. Process speeds have increased 5-10× 
for some applications, though remain 
substantially slower than conventional 
manufacturing for simple geometries. 

4. Persistent Challenges: Material costs, 
quality consistency, workforce skills gaps, 
and post-processing requirements continue 
to constrain wider adoption. Equipment 
shipment data from 2022 showing declines 
for mid-range and high-end systems 
suggests market caution amid economic 
uncertainty and potentially lengthening 
equipment evaluation cycles. 

5. Sector-Specific Patterns: Aerospace and 
defense demonstrate the most mature 

adoption, driven by unique sector 
characteristics including stringent weight 
optimization requirements, low-to-medium 
volumes, and performance-over-cost 
priorities. Automotive adoption focuses 
primarily on prototyping and tooling, with 
limited but growing production 
applications. Healthcare demonstrates high 
growth rates driven by personalization 
capabilities and clinical outcome 
improvements. 

8.2 Theoretical and Practical Contributions 

This research contributes to understanding of 
advanced manufacturing technology adoption by 
providing empirical evidence of AM 
implementation outcomes across diverse industrial 
contexts. The findings inform technology adoption 
theories by demonstrating that adoption patterns 
reflect complex interactions among technological 
capabilities, application requirements, 
organizational readiness, and economic factors 
rather than simple technology superiority. 

Practically, the research provides evidence-based 
insights for organizations developing AM strategies, 
highlighting the importance of systematic 
application screening, pilot implementations, and 
capability building rather than broad technology 
adoption. The documented operational benefits—
cost reductions, lead time improvements, supply 
chain simplification—provide benchmarks for 
organizations evaluating AM investments, while 
identified barriers inform realistic implementation 
planning. 

8.3 Limitations and Future Research Directions 

This research faces limitations including reliance on 
secondary data sources, limited access to proprietary 
organizational implementation data, and the rapidly 
evolving nature of AM technology potentially 
rendering findings obsolete. Regional focus on 
North America and Europe, with limited Asia-
Pacific analysis, constrains generalizability to 
emerging markets. 

Future research should address these limitations 
through: 

● Longitudinal Studies: Multi-year tracking 
of specific organizational implementations 
would provide insights into long-term 
performance, return on investment, and 
adoption evolution 

● Comparative Analysis: Systematic 
comparison of AM versus conventional 
manufacturing for specific component 
categories would refine understanding of 
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economic crossover points and optimal 
application domains 

● Organizational Studies: Detailed case 
studies examining organizational change 
processes, workforce development 
approaches, and cultural factors 
influencing successful AM adoption would 
inform implementation strategies 

● Regional Studies: Focused analysis of AM 
adoption in Asia-Pacific, Latin America, 
and other emerging markets would expand 
understanding of regional adoption drivers 
and barriers 

● Economic Modeling: Sophisticated 
economic models incorporating equipment 
costs, material costs, labor requirements, 
and operational factors across production 
volumes would improve adoption decision 
frameworks 

8.4 Concluding Remarks 

Additive Manufacturing has demonstrated its value 
as a transformative manufacturing technology with 
substantial operational benefits for appropriate 
applications. The technology's growth trajectory 
from 2020 to 2023 reflects increasing maturity, 
expanding capabilities, and growing organizational 
confidence in AM's reliability and performance. 
However, AM represents a complementary rather 
than replacement technology for conventional 
manufacturing, excelling in specific domains—
complexity, customization, low-to-medium 
volumes—while remaining economically 
unfavorable for others. 

Successful AM adoption requires moving beyond 
technology enthusiasm toward systematic 
evaluation of application fit, realistic assessment of 
implementation requirements, and strategic 
alignment with organizational capabilities and 
objectives. Organizations that identify high-value 
AM applications, invest in necessary capabilities 
and infrastructure, and integrate AM thoughtfully 
within broader manufacturing strategies will realize 
substantial competitive advantages. Those pursuing 
AM adoption without strategic discipline risk 
disappointing returns and disillusionment with the 
technology's potential. 

The coming decade will determine whether AM 
achieves its transformative potential or remains a 
niche technology serving specific applications. 
Continued material innovation, process 
improvements, standardization efforts, and 
workforce development will be critical to expanding 
AM's economic viability across broader application 
domains. Industry 4.0 integration, artificial 
intelligence capabilities, and distributed 
manufacturing business models may unlock new 
value propositions beyond current applications. The 

research presented here provides a foundation for 
understanding AM's current state and informing 
strategic decisions as the technology continues 
evolving. 
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