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About iNEMI

The International Electronics Manufacturing Initiative (iNEMI) is an industry-
led consortium of over 100 global manufacturers, suppliers, industry 

associations, government agencies and universities. A Non Profit Fully 
Funded by Member Dues; All Funding is Returned to the Members in High 

Value Programs and Services; Founded in 1994.

iNEMI’s Mission: 
Forecast and Accelerate 

Improvements in the 
Electronics Manufacturing 
Industry for a Sustainable 

Future. 
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iNEMI and The Environment: Pb-Free Projects

• iNEMI’s ground-breaking work with Pb-free assembly 
moved significantly furthered knowledge and 
understanding of Pb-free materials and processes

– Characterized new materials and demonstrated reliability 
– Accelerated establishment of SAC alloys as the standard

• Follow-on efforts addressed Pb-free rework, Pb-free 
wave soldering, component & board marking (input for 
JESD97 and IPC-1066), materials declarations  (input for 
IPC-1752), and more

• iNEMI’s comprehensive work in tin whiskers also 
yielded important contributions 

– Accelerated test for tin whiskers (formed the basis of 
JEDEC standard JESD22-A121)

– Tin whisker modeling (provided input for the IPC/JEDEC 
document JP002)

– Recommendations for mitigation techniques (adapted as 
JESD201) 



iNEMI and Roadmaps

• iNEMI roadmaps the future market needs and technology 
requirements of the global electronics industry, identifies and 
prioritizes technology and infrastructure gaps. 
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Statistics of 2015 Roadmap
• 500+ participants
• 280+ companies/organizations
• 20 countries from 4 continents
• 19 Technology Working Groups (TWGs)  
• 5 Product Emulator Groups (PEGs)
• 2000 pages of information
• Roadmaps the needs for 2015-2025



Outline

• Market Analysis (Situation Analysis)
– Market Structures
– The Cloud (Data Centers)
– Internet of Things (Cell Phones, Wearables, Sensors)

• Emerging Technology for Each Market
• Resulting Environmental Impact
• Remaining Highest Priority Sustainability Issues
• Proposed Research Areas
• Summary and Conclusions
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Market Structures by 2018
Product Ownership

• Data Centers (Facebook, Amazon, HP, IBM, AT&T, Netflix)
– The Operators will provide unique services to their customers
– The Architectures of these data centers will be customized to the 

service provided 
– The Operators will own their rapidly changing modular facilities

• Consumers and Commercial Customers
– Will own their Terminal Devices, Displays, and Printers) and 

purchase services from the cloud  

• Internet of Things ( Wearables, Appliances, Auto, Medical etc.)
– The User (Consumer, Commercial, Industrial or Service Provider) 

will own the discrete IoT Device and will purchase services
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Features Operators want in Data Centers
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• Reduced Cost of Ownership
– Minimize Energy Cost
– Rapidly Increase performance without increase in cost

• Modular design for flexible growth and reuse
• Flexibility in System Architecture to improve utilization of 

investment



Features Owners want in IoT devices

• Service Life Depends on Application
– Smart Phone: Two Years
– Automobile: Ten Years
– IoT enabled Refrigerator: Twenty Years 

• Size: Small in standalone applications like medical sensors 
and wearables

• Small Incremental Cost for IoT portion of Application
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Emerging Technology 
Requirements



Cost-Performance Technology Drivers

• Miniaturization for faster performance
• Integration of Functions
• Utilization of cost effective CMOS processing facilities 

wherever possible for devices such as sensors, and 
integrated silicon photonics.

• Wafer level (parallel) processing
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Transition to Heterogeneous Packaging

Source: Professor Dr. Reichl, Fraunhofer IZM, Berlin Germany, 2007



Technology Needs for Data Centers

• Energy Efficiency
– Efficient Power Conversion-Power America*
– Ultra-Low power semiconductors-Industry is Addressing
– Integrated photonics- AIM Photonics*
– Heterogeneous Packaging -

• Modular Design
– Operators are specifying modules or designing their own

*National Network for Manufacturing Innovation Institutes
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Technology Needs for IoT

• Ultra Low Power Semiconductors: 
• Many types of Sensors/MEMS:  Medical, Automotive, Control
• Low power wireless technology: Competing Standards 
• Small, long lasting power sources: Batteries and Capacitors
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Resulting Environmental Impact



Multivariable Analysis of Impact

• Energy Use
– Trend with time per given function:  Rapidly Decreasing
– Impact of replacing energy intensive function: Often significant

• Material Use
– Mass per function: Rapidly Decreasing
– New Material or Recycled:  Goal should be to reduce mining of 

metals
– Metal, semiconductor, or Organic (Plastics): % Plastics are 

increasing and metals decreasing
• Toxic/Hazardous Materials in Products

– Currently Minimal
– In Consumer Products (IoT) focus should be on batteries
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End of Life and Recycling Potential

• Data Centers
– Owners will reuse whenever possible because of modularity
– Recycling is economically viable because of large mass in single 

location
• Internet of Things

– Reuse is possible for certain products in certain countries
– Because individual products are distributed, low mass, extremely 

heterogeneous, and contain little valuable material they are not 
economically viable for recycling
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Highest Priority Sustainability 
Issues and Recommended 
Research 



Issues and Recommendations

• Energy Reduction and Global Warming: Stimulate application 
of IT and IoT to reduce energy use.  Smart City

• Recycling/End of Life
– Data Centers:  Owners will make proper Recycling/Reuse 

Decisions because they align with business objectives
– Consumer Products:  

• Designers should insure that small electronic products can be 
disposed of as household trash.

• Focus should be on Imaging Equipment because of their mass.
– End of Life Processes need to be developed for larger LCD/LED and 

OLED Displays
– Focus of Printer development should be on

» Reducing Energy Use
» Reducing environmental impact of consumables
» Increasing Plastic Reuse/Recyclability of Printers
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Suggested Research Areas

• Plastics: what to do with them at end of life?
– Plastics will find increased use in all industries
– Plastic will increasingly become non-homogeneous engineered 

materials to meet performance requirements
– Plastics require additives (catalysts, softeners, flame retardants) 

that often have undesirable properties.
• Cooperation between the Electronics Industry and the 

Chemical Industry on sustainability. Is it important?  If so how 
can we engage the Chemical Industry.
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Summary and Conclusions



Summary and Conclusions

• Consumer and Data Center Product Design Decisions will 
aligning with good environmental practices during the next 
decade with few exceptions.

• The Major focus for the industry during the next decade 
should be on energy reduction to reduce global warming 
while providing the features that consumers and data center 
owners want.   The Triple Bottom Line

• Stakeholders need to develop Sustainability Metrics to 
evaluate the impact of using electronic products to replace 
energy intensive processes
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