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Introduction
Smartphones are extremely complex products and approaches for making them more sustainable face major trade‐offs between optimizing the product for one use scenario, but
at the expense of potentially higher environmental impacts for another use case. An example are embedded batteries, which help to reduce the form factor of the device along
with a reduction of the overall amount of material used for e.g. housing of the battery and the device. An embedded battery however is difficult to replace and can limit the use
lifetime of any mobile IT device. One example of a product, which has been designed with environmental aspects in mind, such as do‐it‐yourself repairability for extended product
lifetime, is the Fairphone 2.

Life Cycle Assessment
The major environmental hot spots of a smartphone are the semiconductor
components, printed circuit boards, followed by display unit and battery. Even proper
recycling can only recover a minor share of the once invested high environmental
footprint of such high‐tech products. Consequently, a broken screen or a drained
battery should not limit the lifetime of those components, which have a much higher
environmental footprint and a longer technical lifetime. Modularity is the key enabler
for an optimized product life cycle.

Modularization of a smartphone means a radical redesign of the internal layout of
such a device. The Life Cycle Assessment, including impact categories climate change,
abiotic resource depletion and human toxicity, unveils the share of environmental
impacts, which are attributable to modularization. Additional internal module
housings, gold as coating of the connectors (which dominates the impacts on abiotic
resource depletion), and the additional printed circuit board area needed for the
connectors all contribute to the higher initial impact of a modular phone.

Figure: Fairphone 2 Life Cycle Assessment results (GWP) over full life cycle and per module
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Circular Design
Modularization is a key enabler for several design strategies (see table below).
However, there is an additional environmental footprint related to modular design. As
long as such modularity is embraced by the consumer and components with a rather
low environmental impact are replaced when needed and the rest of the phone thus
is kept running, then additional impacts are easily outweighed.

Changed user behavior, such as successful do‐it‐yourself repairs and parts
replacement, is essential for extending the use lifetime of the overall phone.
The results of the Life Cycle Assessment help to set priorities for further
improvements in product design, module strategies, but also for the overall business
model.

Table: Circular Design Strategies and related evidence from Fairphone 2 Life Cycle Assessment

Circular Design
Strategy

Fairphone 2
Design Features

Fairphone 2
Life Cycle Assessment Findings

(see Bakker et al., 2014)
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