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Chemicals Case Studies

1. Ethanol Production from Corn for Biofuels
e Industry: Chemicals, Energy
e Life Cycle Stages & LCI Processes:
e Extraction: Corn farming (fertilizer use, water consumption)

¢ Production: Fermentation of corn starch into ethanol, Distillation and
dehydration, Co-product generation (e.g., dried distillers grains)

o Packaging & Distribution: Transport by truck and rail to distribution centers
e Use Phase: Biofuel consumption in vehicles

e End of Life: Carbon emissions from combustion, Co-product feed use

2. Production of Polyethylene from Natural Gas
e Industry: Chemicals, Plastics
e Life Cycle Stages & LCI Processes:
e Extraction: Natural gas extraction and refining, Ethane extraction

e Production: Ethylene cracking to produce polyethylene, Polymerization
process, Plastic resin pelletization

e Packaging & Distribution: Shipment of plastic pellets to manufacturers
e Use Phase: Manufacturing of plastic products
e End of Life: Landfilling of non-recyclable polyethylene, Incineration with
energy recovery
3. Ammonia Production via Haber-Bosch Process
¢ Industry: Chemicals, Agriculture
e Life Cycle Stages & LCI Processes:

e Extraction: Natural gas extraction for methane (hydrogen production), Air
separation for nitrogen

e Production: Ammonia synthesis using Haber-Bosch process (high
temperature and pressure), CO, emissions from hydrogen production



Packaging & Distribution: Transport to agricultural markets and fertilizer
manufacturers

Use Phase: Fertilizer application to crops

End of Life: Nitrogen runoff and eutrophication, Recycling of unused fertilizer

4. Polyvinyl Chloride (PVC) Production from Chlorine and Ethylene

e Industry: Chemicals, Plastics

e Life Cycle Stages & LCI Processes:

Extraction: Salt mining for chlorine production, Ethylene extraction from
natural gas

Production: Chlorine and ethylene reaction to form ethylene dichloride, Vinyl
chloride monomer (VCM) polymerization to form PVC, Additive production
(plasticizers, stabilizers)

Packaging & Distribution: Shipment of PVC resin to manufacturers
Use Phase: Construction material use (pipes, flooring)

End of Life: PVC recycling (mechanical or chemical), Incineration or
landfilling of non-recyclable PVC

5. Hydrogen Peroxide Production via Anthraquinone Process

e Industry: Chemicals, Industrial

e Life Cycle Stages & LCI Processes:

Extraction: Extraction of anthraquinone and hydrogen for the process
Production: Hydrogenation of anthraquinone, Hydrogen peroxide synthesis

Packaging & Distribution: Packaging and transport of hydrogen peroxide in
drums

Use Phase: Industrial cleaning, textile bleaching, water treatment

End of Life: Disposal of spent hydrogen peroxide solutions, Wastewater
treatment

6. Acetone Production from Propylene (Cumene Process)

¢ Industry: Chemicals, Solvents

e Life Cycle Stages & LCI Processes:

Extraction: Petroleum refining for propylene and benzene

Production: Cumene process for acetone synthesis, Separation and
purification of acetone

Packaging & Distribution: Transport of acetone to industrial customers
Use Phase: Use in solvents, coatings, adhesives

End of Life: Incineration or chemical recycling of acetone waste

7. Sulfuric Acid Production from Sulfur Extraction



e Industry: Chemicals, Industrial

e Life Cycle Stages & LCI Processes:

Extraction: Sulfur mining or extraction from natural gas processing

Production: Sulfur combustion in air to form sulfur dioxide, Contact process
for sulfuric acid synthesis

Packaging & Distribution: Transport to chemical industries
Use Phase: Use in fertilizer production, metal processing

End of Life: Neutralization of waste sulfuric acid, Landfilling of neutralized
waste

8. Polystyrene Production from Styrene Monomer

e Industry: Chemicals, Plastics

e Life Cycle Stages & LCI Processes:

Extraction: Benzene and ethylene extraction from petroleum

Production: Styrene production via ethylbenzene dehydrogenation,
Polymerization of styrene to form polystyrene

Packaging & Distribution: Shipment of polystyrene pellets to manufacturers
Use Phase: Use in disposable cups, containers, insulation

End of Life: Polystyrene recycling, Landfilling or incineration

9. Sodium Hydroxide Production via Chlor-alkali Process

¢ Industry: Chemicals, Industrial

e Life Cycle Stages & LCI Processes:

Extraction: Electrolysis of brine (salt) to produce chlorine and sodium
hydroxide

Production: Sodium hydroxide production and concentration
Packaging & Distribution: Shipment to chemical manufacturing sites
Use Phase: Use in soap, paper, textiles, and chemical processing

End of Life: Wastewater neutralization, Reuse of by-products

10. Polyurethane Foam Production for Insulation and Upholstery

e Industry: Chemicals, Plastics

e Life Cycle Stages & LCI Processes:

Extraction: Extraction of crude oil and natural gas for base chemicals
Production: Isocyanate and polyol production, Polyurethane foam synthesis

Packaging & Distribution: Transport of foam products to manufacturers and
customers

Use Phase: Insulation material in buildings, furniture manufacturing



e End of Life: Polyurethane recycling, Incineration of non-recyclable waste

11. Formaldehyde Production from Methanol
e Industry: Chemicals, Industrial
e Life Cycle Stages & LCI Processes:
e Extraction: Methanol extraction from natural gas or coal
e Production: Oxidation of methanol to formaldehyde
e Packaging & Distribution: Packaging of formaldehyde for industrial use
o Use Phase: Use in adhesives, resins, and plastics

e End of Life: Formaldehyde disposal via neutralization, Incineration

12. Toluene Production via Catalytic Reforming
e Industry: Chemicals, Solvents
e Life Cycle Stages & LCI Processes:
e Extraction: Petroleum extraction and refining

e Production: Catalytic reforming process to produce toluene, Toluene
distillation and purification

¢ Packaging & Distribution: Shipment of toluene to chemical companies
¢ Use Phase: Solvent in paint, adhesives, coatings

e End of Life: Waste toluene incineration, Hazardous waste disposal

13. Titanium Dioxide Production via Chloride Process
e Industry: Chemicals, Pigments
e Life Cycle Stages & LCI Processes:
e Extraction: limenite or rutile ore extraction for titanium feedstock
e Production: Chlorination of titanium ore, Purification and crystallization

e Packaging & Distribution: Packaging and transport of titanium dioxide for
use in paints

¢ Use Phase: Pigment in coatings, plastics, and cosmetics

e End of Life: Recycling of titanium dioxide in waste paint, Landfilling

14. Caprolactam Production for Nylon 6 Synthesis
¢ Industry: Chemicals, Textiles
e Life Cycle Stages & LCI Processes:

e Extraction: Benzene extraction from petroleum



e Production: Cyclohexanone production from benzene, Caprolactam
synthesis

e Packaging & Distribution: Transport to fiber and resin manufacturers
e Use Phase: Nylon fabric production for textiles and apparel

e End of Life: Nylon recycling, Incineration of non-recyclable textiles

15. Chlorine Dioxide Generation for Water Treatment
e Industry: Chemicals, Water Treatment
e Life Cycle Stages & LCI Processes:
e Extraction: Sodium chloride extraction
e Production: Electrochemical production of chlorine dioxide

e Packaging & Distribution: Transport of chlorine dioxide to municipal water
plants

e Use Phase: Water disinfection and purification

e End of Life: Residual chlorine dioxide neutralization, Wastewater treatment

16. Isopropyl Alcohol (IPA) Production from Propene
e Industry: Chemicals, Solvents
e Life Cycle Stages & LCI Processes:
e Extraction: Propene production via cracking of hydrocarbons
e Production: Hydration of propene to produce isopropyl alcohol

¢ Packaging & Distribution: Transport to pharmaceutical, cosmetic, and
industrial markets

e Use Phase: Solvent for cleaning, disinfection, and manufacturing

e End of Life: IPA incineration, Waste disposal of contaminated IPA

17. Butadiene Production from Crude Oil Refining
e Industry: Chemicals, Petrochemicals
e Life Cycle Stages & LCI Processes:
e Extraction: Crude oil extraction and refining
e Production: Butadiene extraction from catalytic cracking
¢ Packaging & Distribution: Transport of butadiene to petrochemical plants
e Use Phase: Synthesis of synthetic rubber for tires

e End of Life: Rubber recycling, Incineration of non-recyclable tires

18. Polycarbonate Production from Bisphenol A (BPA)
e Industry: Chemicals, Plastics

e Life Cycle Stages & LCI Processes:



e Extraction: Bisphenol A production from phenol and acetone

¢ Production: Polycarbonate polymerization, Processing into sheets, films,
and molds

¢ Packaging & Distribution: Transport to manufacturers for use in automotive,
electronics

e Use Phase: Use in automotive parts, medical devices, eyewear

e End of Life: Polycarbonate recycling, Landfilling or incineration

19. Acrylic Acid Production from Propylene
¢ Industry: Chemicals, Polymers
e Life Cycle Stages & LCI Processes:
e Extraction: Propylene production from petroleum refining
e Production: Oxidation of propylene to acrylic acid
e Packaging & Distribution: Transport to polymer manufacturers
¢ Use Phase: Superabsorbent polymers for diapers, sanitary products

e End of Life: Recycling or incineration of waste polymers

20. Methanol Production from Natural Gas (Steam Reforming)
e Industry: Chemicals, Petrochemicals
e Life Cycle Stages & LCI Processes:
e Extraction: Natural gas extraction and processing

e Production: Steam reforming of methane to produce syngas (CO + H,),
Methanol synthesis

¢ Packaging & Distribution: Transport to chemical and fuel markets
e Use Phase: Use in chemical synthesis, fuels

e End of Life: Methanol recovery, Incineration of waste

Microelectronics Case Studies

21. Semiconductor Chip Manufacturing
e Industry: High Tech, Electronics
e Life Cycle Stages & LCI Processes:
e Extraction: Mining of rare earth metals (e.g., gallium, indium)

e Production: Wafer production, photolithography, etching, and doping, Chip
assembly and testing

e Packaging & Distribution: Shipping of chips to device manufacturers

o Use Phase: Use in smartphones, computers, and other devices



e End of Life: E-waste recycling, recovery of precious metals

22. Lithium-lon Battery Production
e Industry: High Tech, Energy Storage
e Life Cycle Stages & LCI Processes:
o Extraction: Lithium, cobalt, nickel, and graphite mining
e Production: Cell assembly, battery module production, and packaging

¢ Packaging & Distribution: Shipping of batteries to manufacturers and
retailers

o Use Phase: Use in electric vehicles, mobile devices, and energy storage

e End of Life: Battery recycling and materials recovery

23. LED Lighting Production
e Industry: High Tech, Electronics
e Life Cycle Stages & LCI Processes:

e Extraction: Mining of materials for semiconductors (e.g., gallium,
phosphorus)

e Production: LED chip fabrication and packaging
e Packaging & Distribution: Transport of LED bulbs and fixtures
¢ Use Phase: Energy-efficient lighting for homes and businesses
e End of Life: LED recycling, hazardous waste disposal for phosphor
components
24. Solar Panel Manufacturing (Photovoltaic)

¢ Industry: High Tech, Renewable Energy

e Life Cycle Stages & LCI Processes:
e Extraction: Mining of silicon and rare earth materials
e Production: Silicon wafer production, cell fabrication, panel assembly
e Packaging & Distribution: Transport of solar panels to installation sites
e Use Phase: Solar electricity generation

e End of Life: Panel recycling and silicon recovery

25. 3D Printer Production
e Industry: High Tech, Additive Manufacturing
e Life Cycle Stages & LCI Processes:
e Extraction: Sourcing of materials for printing (plastics, metals, ceramics)
¢ Production: 3D printer assembly, testing, and calibration

e Packaging & Distribution: Shipping of printers to industrial and consumer
markets



e Use Phase: Printing of parts and prototypes in various industries

e End of Life: Recycling of 3D printer components and unused materials

26. Smartphones Manufacturing
e Industry: High Tech, Electronics
e Life Cycle Stages & LCI Processes:

e Extraction: Mining of metals (gold, copper, aluminum) and minerals (lithium,
cobalt)

e Production: Chip production, assembly, screen manufacturing, and
integration

e Packaging & Distribution: Shipping to retailers and distributors worldwide

e Use Phase: Use by consumers for communication, computing, and
entertainment

e End of Life: E-waste recycling, metal recovery, screen disposal

27. Electric Vehicle (EV) Manufacturing
e Industry: High Tech, Automotive
e Life Cycle Stages & LCI Processes:
e Extraction: Mining of lithium, nickel, and cobalt for batteries

¢ Production: EV assembly, motor production, and battery installation

Packaging & Distribution: Transport to dealerships and customers

Use Phase: Energy-efficient driving and zero emissions operation

End of Life: EV battery recycling and vehicle material recovery

28. Fiber Optic Cable Manufacturing
e Industry: High Tech, Telecommunications
e Life Cycle Stages & LCI Processes:
e Extraction: Mining of silica for glass fiber production
e Production: Fiber optic cable manufacturing, testing, and splicing

¢ Packaging & Distribution: Shipping of cables to telecommunications
companies

e Use Phase: Data transmission in communication networks

e End of Life: Cable recycling and glass recovery

29. Smartwatch Production

e Industry: High Tech, Electronics



e Life Cycle Stages & LCI Processes:

Extraction: Mining for metals (steel, gold, copper) and rare earth elements
Production: Assembly of components (sensor chips, displays, casings)
Packaging & Distribution: Shipping to retailers and customers

Use Phase: Consumer use for fithess tracking, notifications, and health
monitoring

End of Life: E-waste recycling and battery disposal

30. Cloud Computing Data Centers
e Industry: High Tech, IT
e Life Cycle Stages & LCI Processes:

Extraction: Mining of raw materials for hardware (semiconductors, metals)
Production: Data center construction, server production, and installation
Packaging & Distribution: Installation of infrastructure and data storage
Use Phase: Data processing, storage, and cloud service provision

End of Life: Server and hardware recycling, e-waste disposal

31. Electric Motor Manufacturing

e Industry: High Tech, Electronics

e Life Cycle Stages & LCI Processes:

Extraction: Mining of copper, rare earth elements (neodymium, dysprosium)
Production: Electric motor assembly, rotor and stator fabrication

Packaging & Distribution: Shipping to manufacturers for integration into
electric vehicles, machinery

Use Phase: Use in electric vehicles, robots, appliances

End of Life: Motor recycling, material recovery

32. Virtual Reality (VR) Headset Production

e Industry: High Tech, Electronics

e Life Cycle Stages & LCI Processes:

Extraction: Mining of metals and materials for components (plastic, glass,
semiconductors)

Production: Assembly of VR headset, display units, and sensors
Packaging & Distribution: Shipping to retailers and consumers
Use Phase: Consumer use for gaming, training, and entertainment

End of Life: E-waste recycling, recovery of precious metals

33. Wind Turbine Manufacturing



¢ Industry: High Tech, Renewable Energy

e Life Cycle Stages & LCI Processes:

Extraction: Mining of metals (steel, copper, rare earth) for turbine
components

Production: Wind turbine assembly, blade manufacturing, and testing
Packaging & Distribution: Transport to wind farms
Use Phase: Electricity generation from wind energy

End of Life: Blade recycling, turbine decommissioning

34. 5G Network Infrastructure

e Industry: High Tech, Telecommunications

e Life Cycle Stages & LCI Processes:

Extraction: Mining for metals and semiconductors for network components
Production: Manufacturing of 5G base stations, antennas, and towers
Packaging & Distribution: Shipping of 5G equipment to telecom operators
Use Phase: Deployment and operation of 5G networks

End of Life: Infrastructure decommissioning, component recycling

35. Robotics Manufacturing

e Industry: High Tech, Automation

e Life Cycle Stages & LCI Processes:

Extraction: Mining of rare earth elements and metals for components
(magnets, motors)

Production: Assembly of robotic systems, sensors, and actuators

Packaging & Distribution: Transport to industrial applications
(manufacturing, healthcare)

Use Phase: Use in automation, manufacturing, and service industries

End of Life: Robotic part recycling, motor and metal recovery

36. Electric Vehicle Charging Stations

e Industry: High Tech, Energy Infrastructure

e Life Cycle Stages & LCI Processes:

Extraction: Sourcing of raw materials for charging station components
(metals, plastics)

Production: Charging station assembly, installation of electrical systems
Packaging & Distribution: Transport and installation at strategic locations
Use Phase: Charging of electric vehicles

End of Life: Station decommissioning, recycling of materials
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37. Drone Manufacturing

¢ Industry: High Tech, Electronics, Aerospace

e Life Cycle Stages & LCI Processes:

Extraction: Mining of materials for drone components (plastic, metals,
batteries)

Production: Drone assembly, sensor integration, and testing

Packaging & Distribution: Shipping to consumers, commercial users, and
military

Use Phase: Aerial photography, surveying, logistics, and military
applications

End of Life: Drone component recycling, battery disposal

38. Smart Home Systems Production

e Industry: High Tech, loT

e Life Cycle Stages & LCI Processes:

Extraction: Mining for metals, plastics, and semiconductors

Production: Sensor, smart plug, and automation system manufacturing
Packaging & Distribution: Shipping to retailers or direct to consumers
Use Phase: Consumer use for home automation and energy management

End of Life: E-waste recycling, sensor and circuit board recovery

39. High-Performance Computing (HPC) System Production
¢ Industry: High Tech, IT
e Life Cycle Stages & LCI Processes:

Extraction: Mining of metals for server components
Production: HPC server assembly, testing, and installation
Packaging & Distribution: Transport of servers to data centers

Use Phase: Data processing for scientific research, simulations, and big
data analytics

End of Life: Server recycling, electronic waste disposal

40. Smart Grid Systems

e Industry: High Tech, Energy

e Life Cycle Stages & LCI Processes:

Extraction: Mining for materials used in smart grid components (copper,
aluminum, rare earth elements)

Production: Manufacturing of smart meters, sensors, and grid management
systems

Packaging & Distribution: Transport to utilities for installation
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e Use Phase: Energy distribution, real-time monitoring, and efficiency
management

e End of Life: Recycling of grid infrastructure, smart meters, and components

Energy Case Studies

41. Coal-Fired Power Plant
e Industry: Energy, Electricity
e Life Cycle Stages & LCI Processes:

e Extraction: Coal mining (surface and underground), Transport of coal to
power plants

e Production: Combustion of coal in boilers to generate electricity, Coal ash
and sulfur dioxide emissions

e Packaging & Distribution: Transport of electricity to grid
e Use Phase: Ongoing electricity generation, Cooling system operation
e End of Life: Coal ash disposal (landfilling, use in concrete), Scrubber system
decommissioning
42. Natural Gas Combined Cycle (NGCC) Power Plant

e Industry: Energy, Electricity

e Life Cycle Stages & LCI Processes:
e Extraction: Natural gas extraction and transportation

¢ Production: Combined-cycle turbine operation, Heat recovery steam
generation, CO, and NOx emissions

e Packaging & Distribution: Transport of electricity through power lines
e Use Phase: Efficient electricity generation with reduced emissions
e End of Life: Turbine and plant decommissioning, Gas pipeline maintenance
and replacement
43. Offshore Wind Power Plant
¢ Industry: Energy, Renewable
e Life Cycle Stages & LCI Processes:

e Extraction: Rare earth material extraction for magnets (neodymium,
dysprosium)

e Production: Wind turbine manufacturing (blades, towers, nacelles),
Installation offshore (platforms, cabling)

e Packaging & Distribution: Transport of electricity via submarine cables to
shore
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e Use Phase: Wind energy generation
e End of Life: Blade recycling or incineration, Turbine dismantling and

recycling of metals

44, Hydroelectric Power Plant
e Industry: Energy, Renewable
e Life Cycle Stages & LCI Processes:
e Extraction: Damming river systems, Reservoir construction

e Production: Water flow through turbines to generate electricity, Sediment
management and environmental impacts

e Packaging & Distribution: Electricity transmission to grid
e Use Phase: Continuous electricity generation

e End of Life: Dam decommissioning, Sediment removal from reservoirs

45. Concentrated Solar Power (CSP) Plant
e Industry: Energy, Renewable
e Life Cycle Stages & LCI Processes:

e Extraction: Materials for mirrors (glass, aluminum), Solar thermal fluid
extraction (e.g., oil, molten salts)

e Production: CSP mirror production and installation, Heat storage system
construction

e Packaging & Distribution: Transport of electricity via grid
e Use Phase: Solar thermal energy generation

e End of Life: Solar panel recycling, Waste heat system maintenance

46. Photovoltaic Solar Energy System
e Industry: Energy, Renewable
e Life Cycle Stages & LCI Processes:

e Extraction: Quartz mining for silicon production, Rare earth metal extraction
for inverters

e Production: Photovoltaic panel manufacturing (silicon wafer, glass, frames),
Inverter assembly

e Packaging & Distribution: Shipping to installation sites
e Use Phase: Solar electricity generation

e End of Life: Panel recycling (silicon recovery, glass reuse), Disposal of non-
recyclable parts

13



47. Biomass Power Plant (Wood Pellet or Agricultural Residue)

¢ Industry: Energy, Renewable

e Life Cycle Stages & LCI Processes:

Extraction: Biomass harvesting (wood, agricultural waste), Pelletization and
transportation

Production: Combustion or gasification to produce electricity, CO, and
particulate emissions control

Packaging & Distribution: Distribution of electricity through the grid
Use Phase: Ongoing biomass combustion for power

End of Life: Ash disposal and landfilling, Biomass waste recycling

48. Geothermal Power Plant

¢ Industry: Energy, Renewable

e Life Cycle Stages & LCI Processes:

Extraction: Geothermal well drilling, Heat exchanger system installation

Production: Heat extraction and steam turbine operation, CO, emissions
from geothermal fields

Packaging & Distribution: Transmission of electricity to grid
Use Phase: Continuous geothermal electricity generation

End of Life: Well closure and geothermal field re-injection, Equipment
decommissioning

49. Biogas Production from Organic Waste

¢ Industry: Energy, Renewable

e Life Cycle Stages & LCI Processes:

Extraction: Organic waste collection (agriculture, food waste)

Production: Anaerobic digestion of organic matter, Biogas collection and
purification

Packaging & Distribution: Biogas storage and transport to grid
Use Phase: Biogas use for electricity generation or vehicle fuel

End of Life: Digestate disposal (composting or land application), System
maintenance

50. Nuclear Fusion Research Reactor (Future Technology)

e Industry: Energy, Nuclear

e Life Cycle Stages & LCI Processes:

Extraction: Tritium and deuterium extraction for fuel, Mining of rare earth
materials for reactor construction
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Production: Construction of fusion reactors (superconducting magnets,
vacuum vessels)

Packaging & Distribution: Transport of electricity through transmission lines
Use Phase: Nuclear fusion energy generation (future technology)

End of Life: Decommissioning of reactors, Radioactive waste management

51. Carbon Capture and Storage (CCS) for Coal Plants

e Industry: Energy, Carbon Management

e Life Cycle Stages & LCI Processes:

Extraction: CO, emissions from coal combustion

Production: Carbon capture from flue gases (amine scrubbing, pre-
combustion capture), Compression and liquefaction of CO,

Packaging & Distribution: Transporting CO, via pipelines or ships to storage
sites

Use Phase: Continuous CO, capture during power generation

End of Life: CO, storage in deep geological formations, Monitoring for
leakage

52. Smart Grid Implementation for Renewable Energy Integration

e Industry: Energy, Infrastructure

e Life Cycle Stages & LCI Processes:

Extraction: Rare earth metals for grid components

Production: Smart meter and sensor manufacturing, Grid infrastructure
construction (cables, substations)

Packaging & Distribution: Installation of smart meters and grid monitoring
systems

Use Phase: Efficient electricity distribution and management

End of Life: Recycling of grid materials, Disposal of non-functional grid
components

53. Compressed Air Energy Storage (CAES)

e Industry: Energy, Storage

e Life Cycle Stages & LCI Processes:

Extraction: Quarrying for underground storage caverns

Production: Compressor and turbine systems production, Energy storage
and release mechanism construction

Packaging & Distribution: Electricity transmission from storage to grid

Use Phase: Energy release during peak demand

15



End of Life: Equipment maintenance and disposal

54. Pumped-Storage Hydropower

e Industry: Energy, Storage

e Life Cycle Stages & LCI Processes:

Extraction: Construction of reservoirs (dam and intake), Water diversion and
pumping infrastructure

Production: Pumping water to higher elevation during off-peak times, Energy
generation through turbines during peak demand

Packaging & Distribution: Electricity distribution to the grid
Use Phase: Continuous electricity storage and generation

End of Life: Dam decommissioning, Reservoir sediment removal

55. Waste-to-Energy (WTE) Incineration with Electricity Generation

e Industry: Energy, Waste Management

e Life Cycle Stages & LCI Processes:

Extraction: Waste collection (municipal solid waste, industrial waste)

Production: Incineration and heat recovery, Steam turbine operation for
power generation

Packaging & Distribution: Transport of generated electricity to the grid
Use Phase: Ongoing waste combustion

End of Life: Ash disposal or material recovery, Air pollution control
maintenance

56. Ocean Thermal Energy Conversion (OTEC)

¢ Industry: Energy, Renewable

e Life Cycle Stages & LCI Processes:

Extraction: Thermal gradient in ocean water

Production: OTEC plant construction and operation (cold and warm water
intake)

Packaging & Distribution: Offshore electricity transmission via cables
Use Phase: Continuous renewable energy generation

End of Life: Plant decommissioning and environmental restoration

57. Combined Heat and Power (CHP) System for Industrial Use

e Industry: Energy, Industrial

e Life Cycle Stages & LCI Processes:

Extraction: Natural gas extraction or biomass harvesting
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Production: Heat and electricity generation from a single source (gas turbine
or biomass)

Packaging & Distribution: On-site power distribution to facilities
Use Phase: Continuous electricity and heat production

End of Life: Equipment replacement and decommissioning

58. Solar Thermal District Heating System

e Industry: Energy, Heating

e Life Cycle Stages & LCI Processes:

Extraction: Raw material extraction for solar thermal collectors
Production: Solar collector installation and system integration

Packaging & Distribution: Heat distribution via insulated pipes to buildings
Use Phase: Solar-powered heating for residential or industrial applications

End of Life: Collector recycling and material recovery

59. Electric Vehicle Charging Infrastructure

¢ Industry: Energy, Transportation

e Life Cycle Stages & LCI Processes:

Extraction: Materials for charging stations (steel, copper)

Production: Charging station assembly and installation

Packaging & Distribution: Transport of charging stations to installation sites
Use Phase: Charging electric vehicles with grid-supplied electricity

End of Life: Recycling of materials from decommissioned stations

60. Green Hydrogen Production via Electrolysis

e Industry: Energy, Hydrogen

e Life Cycle Stages & LCI Processes:

Extraction: Water electrolysis powered by renewable energy

Production: Green hydrogen production, Compression and liquefaction for
storage

Packaging & Distribution: Transport and storage of hydrogen in tanks or
pipelines

Use Phase: Hydrogen fuel for vehicles, industry, or power generation

End of Life: Electrolyzer recycling, Disposal of used storage materials
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Microelectronics Case Studies

61. Semiconductor Chip Manufacturing

e Industry: High Tech, Electronics

e Life Cycle Stages & LCI Processes:

Extraction: Mining of rare earth metals (e.g., gallium, indium)

Production: Wafer production, photolithography, etching, and doping, Chip
assembly and testing

Packaging & Distribution: Shipping of chips to device manufacturers
Use Phase: Use in smartphones, computers, and other devices

End of Life: E-waste recycling, recovery of precious metals

62. Lithium-lon Battery Production

e Industry: High Tech, Energy Storage

e Life Cycle Stages & LCI Processes:

Extraction: Lithium, cobalt, nickel, and graphite mining
Production: Cell assembly, battery module production, and packaging

Packaging & Distribution: Shipping of batteries to manufacturers and
retailers

Use Phase: Use in electric vehicles, mobile devices, and energy storage

End of Life: Battery recycling and materials recovery

63. LED Lighting Production

e Industry: High Tech, Electronics

e Life Cycle Stages & LCI Processes:

Extraction: Mining of materials for semiconductors (e.g., gallium,
phosphorus)

Production: LED chip fabrication and packaging
Packaging & Distribution: Transport of LED bulbs and fixtures
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e Use Phase: Energy-efficient lighting for homes and businesses
e End of Life: LED recycling, hazardous waste disposal for phosphor
components
64. Solar Panel Manufacturing (Photovoltaic)
¢ Industry: High Tech, Renewable Energy
e Life Cycle Stages & LCI Processes:

e Extraction: Mining of silicon and rare earth materials

Production: Silicon wafer production, cell fabrication, panel assembly

Packaging & Distribution: Transport of solar panels to installation sites

Use Phase: Solar electricity generation

End of Life: Panel recycling and silicon recovery

65. 3D Printer Production
e Industry: High Tech, Additive Manufacturing
e Life Cycle Stages & LCI Processes:
e Extraction: Sourcing of materials for printing (plastics, metals, ceramics)
e Production: 3D printer assembly, testing, and calibration

e Packaging & Distribution: Shipping of printers to industrial and consumer
markets

e Use Phase: Printing of parts and prototypes in various industries

e End of Life: Recycling of 3D printer components and unused materials

66. Smartphones Manufacturing
e Industry: High Tech, Electronics
e Life Cycle Stages & LCI Processes:

e Extraction: Mining of metals (gold, copper, aluminum) and minerals (lithium,
cobalt)

e Production: Chip production, assembly, screen manufacturing, and
integration

e Packaging & Distribution: Shipping to retailers and distributors worldwide

e Use Phase: Use by consumers for communication, computing, and
entertainment

e End of Life: E-waste recycling, metal recovery, screen disposal

67. Electric Vehicle (EV) Manufacturing
e Industry: High Tech, Automotive
e Life Cycle Stages & LCI Processes:

e Extraction: Mining of lithium, nickel, and cobalt for batteries
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Production: EV assembly, motor production, and battery installation
Packaging & Distribution: Transport to dealerships and customers
Use Phase: Energy-efficient driving and zero emissions operation

End of Life: EV battery recycling and vehicle material recovery

68. Fiber Optic Cable Manufacturing

e Industry: High Tech, Telecommunications

e Life Cycle Stages & LCI Processes:

Extraction: Mining of silica for glass fiber production
Production: Fiber optic cable manufacturing, testing, and splicing

Packaging & Distribution: Shipping of cables to telecommunications
companies

Use Phase: Data transmission in communication networks

End of Life: Cable recycling and glass recovery

69. Smartwatch Production

e Industry: High Tech, Electronics

e Life Cycle Stages & LCI Processes:

Extraction: Mining for metals (steel, gold, copper) and rare earth elements
Production: Assembly of components (sensor chips, displays, casings)
Packaging & Distribution: Shipping to retailers and customers

Use Phase: Consumer use for fithess tracking, notifications, and health
monitoring

End of Life: E-waste recycling and battery disposal

70. Cloud Computing Data Centers
e Industry: High Tech, IT
e Life Cycle Stages & LCI Processes:

Extraction: Mining of raw materials for hardware (semiconductors, metals)
Production: Data center construction, server production, and installation
Packaging & Distribution: Installation of infrastructure and data storage
Use Phase: Data processing, storage, and cloud service provision

End of Life: Server and hardware recycling, e-waste disposal

71. Electric Motor Manufacturing
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e Industry: High Tech, Electronics

e Life Cycle Stages & LCI Processes:

Extraction: Mining of copper, rare earth elements (neodymium, dysprosium)
Production: Electric motor assembly, rotor and stator fabrication

Packaging & Distribution: Shipping to manufacturers for integration into
electric vehicles, machinery

Use Phase: Use in electric vehicles, robots, appliances

End of Life: Motor recycling, material recovery

72. Virtual Reality (VR) Headset Production

e Industry: High Tech, Electronics

e Life Cycle Stages & LCI Processes:

Extraction: Mining of metals and materials for components (plastic, glass,
semiconductors)

Production: Assembly of VR headset, display units, and sensors
Packaging & Distribution: Shipping to retailers and consumers
Use Phase: Consumer use for gaming, training, and entertainment

End of Life: E-waste recycling, recovery of precious metals

73. Wind Turbine Manufacturing

¢ Industry: High Tech, Renewable Energy

e Life Cycle Stages & LCI Processes:

Extraction: Mining of metals (steel, copper, rare earth) for turbine
components

Production: Wind turbine assembly, blade manufacturing, and testing
Packaging & Distribution: Transport to wind farms
Use Phase: Electricity generation from wind energy

End of Life: Blade recycling, turbine decommissioning

74. 5G Network Infrastructure

e Industry: High Tech, Telecommunications

e Life Cycle Stages & LCI Processes:

Extraction: Mining for metals and semiconductors for network components
Production: Manufacturing of 5G base stations, antennas, and towers
Packaging & Distribution: Shipping of 5G equipment to telecom operators
Use Phase: Deployment and operation of 5G networks

End of Life: Infrastructure decommissioning, component recycling
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75. Robotics Manufacturing

Industry: High Tech, Automation - Life Cycle Stages & LCI Processes:

Extraction: Mining of rare earth elements and metals for components (magnets,

motors)

Production: Assembly of robotic systems, sensors, and actuators

Packaging & Distribution: Transport to industrial applications (manufacturing,
healthcare)

Use Phase: Use in automation, manufacturing, and service industries

End of Life: Robotic part recycling, motor and metal recovery

76. Electric Vehicle Charging Stations

Industry: High Tech, Energy Infrastructure

Life Cycle Stages & LCI Processes:

Extraction: Materials for charging stations (steel, copper)

Production: Charging station assembly and installation

Packaging & Distribution: Transport of charging stations to installation sites
Use Phase: Charging electric vehicles

End of Life: Recycling of materials from decommissioned stations

77. Drone Manufacturing

Industry: High Tech, Electronics, Aerospace

Life Cycle Stages & LCI Processes:

Extraction: Mining of materials for drone components (plastic, metals,
batteries)

Production: Drone assembly, sensor integration, and testing

Packaging & Distribution: Shipping to consumers, commercial users, and
military

Use Phase: Aerial photography, surveying, logistics, and military
applications

End of Life: Drone component recycling, battery disposal

78. Smart Home Systems Production
Industry: High Tech, loT

Life Cycle Stages & LCI Processes:

Extraction: Mining for metals, plastics, and semiconductors
Production: Sensor, smart plug, and automation system manufacturing
Packaging & Distribution: Shipping to retailers or direct to consumers

Use Phase: Consumer use for home automation and energy management
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End of Life: E-waste recycling, sensor and circuit board recovery

79. High-Performance Computing (HPC) System Production
e Industry: High Tech, IT

e Life Cycle Stages & LCI Processes:

Extraction: Mining of metals for server components
Production: HPC server assembly, testing, and installation
Packaging & Distribution: Transport of servers to data centers

Use Phase: Data processing for scientific research, simulations, and big
data analytics

End of Life: Server recycling, electronic waste disposal

80. Smart Grid Systems

e Industry: High Tech, Energy

e Life Cycle Stages & LCI Processes:

Extraction: Mining for materials used in smart grid components (copper,
aluminum, rare earth elements)

Production: Manufacturing of smart meters, sensors, and grid management
systems

Packaging & Distribution: Transport to utilities for installation
Use Phase: Efficient electricity distribution and monitoring

End of Life: Recycling of grid materials, disposal of non-functional grid
components

High Tech and Electronics Case Studies

81. Robotics Manufacturing

e Industry: High Tech, Automation

e Life Cycle Stages & LCI Processes:

Extraction: Mining of rare earth elements and metals for components
(magnets, motors)

Production: Assembly of robotic systems, sensors, and actuators

Packaging & Distribution: Transport to industrial applications
(manufacturing, healthcare)

Use Phase: Use in automation, manufacturing, and service industries

End of Life: Robotic part recycling, motor and metal recovery

82. Electric Vehicle Charging Stations
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e Industry: High Tech, Energy Infrastructure

e Life Cycle Stages & LCI Processes:

Extraction: Materials for charging stations (steel, copper)

Production: Charging station assembly and installation

Packaging & Distribution: Transport of charging stations to installation sites
Use Phase: Charging electric vehicles

End of Life: Recycling of materials from decommissioned stations

83. Drone Manufacturing

¢ Industry: High Tech, Electronics, Aerospace

e Life Cycle Stages & LCI Processes:

Extraction: Mining of materials for drone components (plastic, metals,
batteries)

Production: Drone assembly, sensor integration, and testing

Packaging & Distribution: Shipping to consumers, commercial users, and
military

Use Phase: Aerial photography, surveying, logistics, and military
applications

End of Life: Drone component recycling, battery disposal

84. Smart Home Systems Production

e Industry: High Tech, loT

e Life Cycle Stages & LCI Processes:

Extraction: Mining for metals, plastics, and semiconductors

Production: Sensor, smart plug, and automation system manufacturing
Packaging & Distribution: Shipping to retailers or direct to consumers
Use Phase: Consumer use for home automation and energy management

End of Life: E-waste recycling, sensor and circuit board recovery

85. High-Performance Computing (HPC) System Production
e Industry: High Tech, IT
e Life Cycle Stages & LCI Processes:

Extraction: Mining of metals for server components
Production: HPC server assembly, testing, and installation

Packaging & Distribution: Transport of servers to data centers
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¢ Use Phase: Data processing for scientific research, simulations, and big
data analytics

e End of Life: Server recycling, electronic waste disposal

86. Smart Grid Systems

Industry: High Tech, Energy
Life Cycle Stages & LCI Processes:

e Extraction: Mining for materials used in smart grid components (copper,
aluminum, rare earth elements)

e Production: Manufacturing of smart meters, sensors, and grid management
systems

e Packaging & Distribution: Transport to utilities for installation
e Use Phase: Efficient electricity distribution and monitoring

e End of Life: Recycling of grid materials, disposal of non-functional grid
components

Energy Case Studies

87. Solar Panel Manufacturing

¢ Industry: Renewable Energy

e Life Cycle Stages & LCI Processes:

Extraction: Mining of silicon and rare metals (indium, gallium)
Production: Silicon purification, wafer slicing, cell assembly, and module fabrication
Packaging & Distribution: Transport of solar panels to installation sites

Use Phase: Installation on residential and commercial buildings for energy
generation

End of Life: Recycling of silicon and metals, safe disposal of non-recyclable
components

88. Wind Turbine Production

¢ Industry: Renewable Energy

e Life Cycle Stages & LCI Processes:

Extraction: Mining for steel, copper, and rare earth elements for magnets
Production: Manufacturing of turbine components (blades, nacelles, towers)
Packaging & Distribution: Transport to wind farm locations

Use Phase: Energy generation from wind

End of Life: Recycling of turbine materials, decommissioning of non-functional
turbines
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89. Battery Production for Electric Vehicles

90.

91.

92.

Industry: Automotive, Energy Storage

Life Cycle Stages & LCI Processes:

Extraction: Mining of lithium, cobalt, nickel, and graphite
Production: Cell assembly, battery pack formation, quality testing
Packaging & Distribution: Transport to automotive manufacturers
Use Phase: Energy storage and supply for electric vehicles

End of Life: Battery recycling, recovery of valuable materials, safe disposal of
hazardous waste

Hydroelectric Power Plant

Industry: Renewable Energy, Electricity

Life Cycle Stages & LCI Processes:

Extraction: Site selection and environmental impact assessments
Production: Construction of dams and turbines, electricity generation
Packaging & Distribution: Transmission of generated electricity to the grid
Use Phase: Continuous electricity generation

End of Life: Decommissioning of facilities, environmental restoration

Geothermal Energy Production

Industry: Renewable Energy

Life Cycle Stages & LCI Processes:

Extraction: Drilling for geothermal wells, exploration for heat sources
Production: Heat extraction and conversion to electricity

Packaging & Distribution: Transport of electricity to the grid

Use Phase: Ongoing electricity generation

End of Life: Site rehabilitation, monitoring of environmental impacts

Biomass Energy Production

Industry: Renewable Energy

Life Cycle Stages & LCI Processes:

Extraction: Harvesting of organic materials (wood, agricultural waste)
Production: Conversion of biomass into energy (combustion, gasification)
Packaging & Distribution: Transport of energy or biofuels to consumers
Use Phase: Energy generation for heating or electricity

End of Life: Management of residual waste, carbon emissions considerations
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Renewable Energy and Technology Case Studies

93.

94.

95.

96.

Nuclear Power Plant

Industry: Energy, Electricity

Life Cycle Stages & LCI Processes:

Extraction: Mining of uranium and other nuclear fuel sources

Production: Nuclear fission in reactors to generate heat and electricity
Packaging & Distribution: Transmission of generated electricity to the grid
Use Phase: Ongoing electricity generation with safety protocols

End of Life: Decommissioning of reactors, management of nuclear waste

Hydrogen Fuel Cell Production

Industry: Energy, Transportation

Life Cycle Stages & LCI Processes:

Extraction: Production of hydrogen (electrolysis, steam reforming)

Production: Manufacturing of fuel cells and balance of plant components
Packaging & Distribution: Transport to fuel cell vehicles and energy applications
Use Phase: Powering vehicles and stationary applications

End of Life: Recycling of fuel cell components, safe disposal of hazardous materials

Carbon Capture and Storage (CCS)

Industry: Energy, Environmental Technology

Life Cycle Stages & LCI Processes:

Extraction: Capture of CO, emissions from industrial processes
Production: Compression and transportation of captured CO,
Packaging & Distribution: Injection into geological formations for storage
Use Phase: Ongoing monitoring and verification of storage sites

End of Life: Long-term management of storage sites, environmental monitoring

Electric Bicycle Manufacturing

Industry: Transportation, High Tech

Life Cycle Stages & LCI Processes:

Extraction: Sourcing materials for batteries, frames, and components
Production: Assembly of e-bikes, battery integration, and testing
Packaging & Distribution: Shipping to retailers and consumers

Use Phase: Daily commuting and recreational use

End of Life: Battery recycling, repurposing of bike components

27



97. Smart Farming Technology
e Industry: Agriculture, High Tech
e Life Cycle Stages & LCI Processes:
e Extraction: Sourcing materials for sensors and automation devices
e Production: Manufacturing of loT devices, drones, and software solutions
e Packaging & Distribution: Shipping to agricultural producers
o Use Phase: Precision agriculture, crop monitoring, and yield optimization

e End of Life: Recycling of electronic components, sustainable disposal of non-
recyclable materials

98. 3D Printing Manufacturing

e Industry: High Tech, Manufacturing

e Life Cycle Stages & LCI Processes:
e Extraction: Sourcing of raw materials (plastics, metals, ceramics)
e Production: 3D printing of components and products
e Packaging & Distribution: Transport of finished products to customers
e Use Phase: Application in various fields (aerospace, healthcare, automotive)
e End of Life: Recycling of printed materials, waste management

99. Sustainable Packaging Solutions

e Industry: Consumer Goods, Packaging

e Life Cycle Stages & LCI Processes:
e Extraction: Sourcing biodegradable or recyclable materials
e Production: Manufacturing of sustainable packaging products
¢ Packaging & Distribution: Shipping to manufacturers and retailers
¢ Use Phase: Packaging for consumer products
¢ End of Life: Composting or recycling of packaging materials

100. Telecommunications Infrastructure

e Industry: Telecommunications, High Tech

e Life Cycle Stages & LCI Processes:
e Extraction: Sourcing materials for cables, towers, and equipment
e Production: Manufacturing of telecommunications equipment (routers, switches)
o Packaging & Distribution: Transport to service providers and installation sites
o Use Phase: Providing communication services to consumers and businesses

¢ End of Life: Recycling of electronic components, disposal of obsolete equipment
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