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(Space) electronics as environmental hotspot
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From GreenSat to Green-eSpace

Reducing environmental impact of
space electronics design and
development by bringing space
electronics closer to state-of-the-art
technologies and industrial practice
applied in other high-reliability
electronics, while meeting the
stringent requirement of operating
in the harsh space environment

Green-eSpace
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Green-eSpace project overview

▪ To foster the adoption of green electronics applications,

▪ To improve the environmental impact of space applications and

▪ To identify alternative materials, processes for the manufacturing and testing of space 

electronic assemblies.

▪ Initial TRL: 2  Final TRL: 3
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Objectives

 

LCA Framework (ISO)

Goal and 
scope 

definition

Inventory 
analysis

Impact 
assessment

Interpretation

Direct applications:

• Product 
development & 
improvement

• Strategic planning
• Public policy making
• Marketing
• Other

General standards:
ISO 14040/44
ILCD handbook
PEF Guide

Carbon footprint standards:
ISO 14067
PAS 2050
GHG Protocol Product Standard

LIFE CYCLE ASSESSMENT
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Green-eSpace project overview
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Consortium
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Green-eSpace project overview
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Project concept

Technology review 

& hotspot analysis

Green solutions identification 

& LCA optimization

Roadmap & 

recommendations

Green PCB assembly
Assembly evaluation

Green PCB assembly
Design & Manufacturing

Green PCB assembly
PCB-level evaluation
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Technology review and environmental LCA

6

Mapping of space electronics

Hotspot analysis

Eco-design options

Trade-off selection

Literature Workshop

Baseline LCA
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Baseline LCA for current space electronics
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Reference PBA – OHB µRTU Core Module

 

LCA Framework (ISO)

Goal and 
scope 

definition

Inventory 
analysis

Impact 
assessment

Interpretation

Direct applications:

• Product 
development & 
improvement

• Strategic planning
• Public policy making
• Marketing
• Other

General standards:
ISO 14040/44
ILCD handbook
PEF Guide

Carbon footprint standards:
ISO 14067
PAS 2050
GHG Protocol Product Standard

The reference PBA is manufactured with 

qualified PCB / EEE parts / materials / processes
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Baseline LCA for current space electronics
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Goal and scope definition

 

LCA Framework (ISO)

Goal and 
scope 

definition

Inventory 
analysis

Impact 
assessment

Interpretation

Direct applications:

• Product 
development & 
improvement

• Strategic planning
• Public policy making
• Marketing
• Other

General standards:
ISO 14040/44
ILCD handbook
PEF Guide

Carbon footprint standards:
ISO 14067
PAS 2050
GHG Protocol Product Standard

▪ Overall goal

▪ reduce the environmental impact of the different levels of electronics 

used in any type of spacecraft

▪ Specific goal 

▪ compare the environmental impact of the reference PBA (baseline) to 

each of the selected eco-design option (at PBA level) to quantify the 

environmental impact reduction per eco-design option

▪ Functional unit

▪ production, verification and validation of the Core Module of the 

μRTU (reference PBA)

▪ System boundaries

▪ phases C&D
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Baseline LCA for current space electronics

9

Inventory analysis
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Baseline LCA for current space electronics

10

Impact assessment - µRTU production
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Baseline LCA for current space electronics
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Impact assessment - PCB & EEE Parts production and transport
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Baseline LCA for current space electronics
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Impact assessment - µRTU Assembly processes
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Baseline LCA for current space electronics
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Impact assessment -Verification & Validation
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Life cycle assessment of green electronics for space
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Short-term eco-design options

1. No more reflow SnPb finish requirement

2. Eliminate degolding/tinning of terminals

3. Standardize the use of plastic IC packages

4. Lead-free solder as general purpose solder

5. Standardize the use of solder mask

6. Solderability requirements for component terminals
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Eco-design LCA for “greener” space electronics
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Inventory analysis – updated LCA/LCI models developed

 

LCA Framework (ISO)

Goal and 
scope 

definition

Inventory 
analysis

Impact 
assessment

Interpretation

Direct applications:

• Product 
development & 
improvement

• Strategic planning
• Public policy making
• Marketing
• Other

General standards:
ISO 14040/44
ILCD handbook
PEF Guide

Carbon footprint standards:
ISO 14067
PAS 2050
GHG Protocol Product Standard Modelling improvement scope

▪ Degolding/pretinning

▪ Lead-free assembly 

▪ Surface finish and solder mask

▪ Plastic IC packages
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Eco-design LCA for “greener” space electronics
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µRTU production with and without terminals degolding/pretinning
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Eco-design LCA for “greener” space electronics
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µRTU production – SnPb versus Pb-free solder assembly
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Eco-design LCA for “greener” space electronics
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µRTU production – SnPb versus Pb-free solder assembly
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Eco-design LCA for “greener” space electronics
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µRTU production – reflow SnPb versus ENIG surface finish + solder mask
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Eco-design LCA for “greener” space electronics
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µRTU production – ceramic IC packages versus plastic packages
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Eco-design LCA for “greener” space electronics

▪ Parametric LCI approach leads to significant improvements for more accurately quantifying 

the environmental impact of the chosen reference PBA

▪ Except for two environmental impact categories, the impact of the reference PBA was overestimated 

with the 1st iteration

▪ Eliminating degolding and pretinning as well as the use of plastic IC packages is beneficial to 

reduce the overall environmental impact of the µRTU production

▪ Lead-free solder assembly as well as using the ENIG surface finish in combination with a 

solder mask leads to an increased environmental impact

▪ These eco-design options enable secondary improvements in environmental impact for PCB 

production steps as well as in assembly

▪ The final LCA iteration will evaluate the actual mitigation potential of all selected eco-design options when 

all integrated in a same record
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Conclusion and lessons learnt
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LCA model improvement

▪ Use parametric LCI approach to calculate 

mass and energy flows

▪ Output: materials added or removed, energy, 

water, auxiliary materials, waste produced

▪ Input: PCB materials and size, PCB build-up and 

design, PBA Bill-of-Materials, assembly flow…
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Parametric modeling
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▪ Process data collected from space-qualified PCB manufactures and assembly houses
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LCA model improvement
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Scope within Green-eSpace project (Sub)SYSTEM

{Electronic

Equipment}

{Other

Equipment}

Cabling

Mechanics

Cabling

Mechanics

{Electronic

Box}

Cabling

Mechanics

{Printed 

Board 

Assembly}

Non-IC

El. Comp.

IC 

Component

Other

Component

Printed 

Circuit 

Board

Assembly

Materials

El. Comp. 

BOM

Mechanics

IC

Substrate

Lead(s)(frame)

Body/Mold

Under consideration

Out-of-scope

Partially covered

LCA target



RESTRICTED2022 CLEAN SPACE INDUSTRY DAYS – M. CAUWE – ESTEC, 11-14/10/2022

LCA model improvement
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LCI model for component packaging

Area Array Devices

Leadframe packages



RESTRICTED2022 CLEAN SPACE INDUSTRY DAYS – M. CAUWE – ESTEC, 11-14/10/2022

LCA model improvement
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PCB manufacturing

Inner layer processing

Lamination

Drilling

Metallization

Finishing

Patterning

Base laminate

Prepreg

Cu foil

1 m² of PCB

Press pads, release foil

Drill bits, entry & backup material

Photoresist, chemicals

Chemicals

Chemicals, routing tools

Surface finish

Solder mask

Silk screen

Photoresist, chemicals

Copper

Input materials

Auxiliary materials

Consumption

Output

Energy, water Energy, water

Energy, water Energy, water

Energy, water Energy, water

Waste Waste

Waste Waste

Waste Waste
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LCA model improvement
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LCI model for PCB assembly
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From LCA-based eco-design…
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Eco-design

LCA

LCI
Materials

Water

Energy

Waste

Eco-improvement

targets

∆Materials

∆Water

∆Energy

∆Waste

Hot spot 
Analysis∆
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… to lean LCI-based eco-design
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Eco-design

LCA

LCI
Materials

Water

Energy

Waste

Eco-improvement targets

∆Materials: critical types

∆Waste: critical types

Less water

Less energy

PRIORITY SETTING RULES

One-time
generic 
hot spot
analysis∆ Design targets

∆Materials

∆Water

∆Energy

∆Waste

+ Non-LCA

sources
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