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Abstract: Product lifespan is one of key factors for product life cycle environmental performance.
Lifespan extending is always considered positive for better life cycle environmental performance. From
the view of one product, extended product lifespan can mitigate the environmental performance for
avoided new production. But compared with the newer products those with same product function, there
may be a tradeoff between lifespan extending and products replacement, because generally the newer
products always have the higher energy efficiency and better function. It requires a systematic
evaluation method under these circumstances. Multi Life Cycle Assessment (MLCA) may be a potential
solution. The system boundary of MLCA is larger, including two or more life cycles of products. The
end-of-life options of products, such as components reuse and materials recovery, can be integrated
within the system boundary. In this study, MLCA was applied to two types of products, air-conditioner
and notebook computer, in China to verify its practicability. The results of MLCA indicated that lifespan
extending is better than frequent replacement for the notebook computer in the environmental
performance view, for the energy efficiency improvement of notebook improves not so fast. While the
MLCA results indicated that products replacement is better for air-conditioners, because the energy
efficiency improved fast and evidently. In conclusion, MLCA can be useful for assessment of product
lifespan extending point based on the life cycle environmental performance. Further, environmentally
friendly technology innovation as an important factor beyond the product itself should be taken into
consideration for optimal product lifespan assessment.

Introduction

Product lifespan is a key parameter for product
life cycle environmental performance (Fujimoto
& Ahmed, 2001; Pialot et al., 2012; C. Rose et
al., 2002; C. M. Rose et al.,, 2002), as the
energy consumption is directly related with the
lifespan, and the end-of-life options also
depends on the product lifespan. It is important
to evaluate the optimal product lifespan based
on the environmental performance.

There are several factors for length of product
lifespan, including physical condition, economic
benefit and cost, software issues of ICT
equipment, and technology innovation of newer
products. When the lifespan ends for whatever
reason, in the end, the product especially the
consumer products are always replaced by the
newer ones with the similar or same functions.
Because the functions provided by the older
and newer products always exist.

Based on the continuous same products
service requirements from the consumers, the
concept of multi life cycle product (MPLC)
system emerges (Zhuang, 1999). This concept
generally covers two or more generations of
products which have the same basic service
functions. Especially, MPLC includes the
components reuse stage and materials
recovery stage in the next generations of
products (Caudill et al., 2001).

Based on the concept of MPLC, Multi Life Cycle
Assessment (MLCA) was proposed as a
method covering MPLC in literature (Huang &
Xu, 2005; Lu et al., 2015; Suhariyanto et al.,
2017). Extending the time framework from one
product to two or more products which can
provide the same basic function, the system
boundary of MLCA is enlarged than the
traditional LCA. Especially, the end-of-life
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options of products are taken into consideration
in the MLCA method, including reuse and
remanufacturing of products and components,
as shown in Figure 1. This setting implies that
the recoverable materials and reusable
components are all put into the next generation
of products, i.e. closed loop recycling. This
setting makes MPLC an integrated system, with
materials or components flows in different
generations of products, rather than a simple
accumulation of several life cycles.
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Figure 1. System boundary of MLCA. © Adapte
from (Lu et al., 2015).

With MLCA method, the trade-off between
product replacement timing and corresponding
environmental performance can be analyzed in
a systematic way. Two types of products are
selected as the case studies, air-conditioner
and notebook computer.

Method

MLCA can follow the procedures similar to a
standard LCA.

(1) Definition of the goal and scope

The scope, especially the time scope, will be
expanded to incorporate several generations of
products, as shown in the Figure 1. The basic
function of product service system will be
defined as the functional unit. And as the
special part, specified materials flows and
components flows among generations will be
identified.

(2) Life cycle inventory analysis.

Life cycle data of multi-generation products
needs to be collected. Especially, products
market life time (sales data) and product
lifespan of all studied products shall be
collected or estimated. Then the key
parameters of MLCA integration model will be
calculated. And the inventory analysis similar to
the traditional LCA will be operated.

3) Life cycle impact assessment
Generally, impact assessment in MLCA is the
same as the classical LCA.

4) Interpretation.

In the interpretation stage, products lifespan,
replacement timing and related environmental
performance should be all discussed.
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Case Study: Air-Conditioner.

Goal, scope and functional unit definition

This case study aims to evaluate the
environmental performance of different product
replacement frequencies on multi-generation
air-conditioner systems. The time scope in this
study is set from 2005 to 2021. The functional
unit is set for a split air conditioner service
system, which can provide air-conditioning
function with same cooling capacity 2600 w.

Scenarios development

Two scenarios are developed with different
energy efficiency levels air conditioner in this
case. Scenario A is that one air-conditioner with
energy efficiency level 5 is used from 2000 to
2010, and replaced by a new one with energy
efficiency level 1, which are used from 2010 to
2021. Different from Scenario A in replacement
frequencies, there are three generations of air-
conditioner in Scenario B, including one with
energy efficiency level-5 from 2005 to 2011,
one with level-3 from 2010 to 2015, and one
with level-1 from 2015 to 2021.

In this case, the metal copper is chosen as the
materials flow in different generations of
products in this case study. The materials
composition data of air-conditioner is from
literature (Liu et al., 2016). In one year, it is
assumed that one air-conditioner is used for
1000 hours. According to theoretic calculation,
the energy efficiency of air conditioners for level
5, level 3 and level 1 in this case are separately
0.95 kw/h, 0.81 kw/h and 0.70 kw/h.

The calculation is through the software Simapro
9.0. The data used in this case is mostly from
field investigation in the recycling plants and
background LCA  databases, including
RCEES2017 developed in Chinese Academy of
Sciences and Eco-Invent database 3.5.

Results

The results of MLCA of air conditioners are
shown in Fig. 2. The results show that the
environmental performance in Scenario B is
better than Scenario A. That means lifespan
extending is the less optimal choice compared
with replacement by higher energy efficient air
conditioners in a MPLC system. Based on the
MLCA results, the optimal replacement timing
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and the optimal product lifespan can be
calculated, assuming the best environmental
performance as the only aim.
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Figure 2. MLCA results of air conditioners
Case study: Notebook computer

Goal, scope and functional unit definition

This case study aims to evaluate the
environmental performance of different product
replacement frequencies on multi-generations
notebook computer system. The time scope in
this study is set from 2008 to 2020. The
functional unit is set for a notebook computer
service system, which can provide basic
notebook computer function for common office
work.

Scenarios development

Two scenarios are developed with different
energy efficiency levels notebook computers in
this case. Scenario C is that one air-conditioner
with energy efficiency level 2 is used from 2008
to 2014, and replaced by a new one with energy
efficiency level 1, which are used from 2014 to
2020. Different from Scenario C in replacement
frequencies, there are three generations of
notebook computers in Scenario D, including
one with energy efficiency level-2 from 2008 to
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2012, one with level-1 from 2012 to 2016, and
one with level-1 from 2016 to 2020.

In this case, the metal copper is also chosen as
the materials flow in different generations of
notebook computer in this case study. It is
assumed that one notebook is used for 3000
hours per vyear. According to theoretic
calculation, the energy efficiency of air
conditioners for level 2 and level 1 in this case
are separately 0.06 kw/h and 0.05 kw/h.

The calculation is through the software Simapro
9.0. The data used in this case is mostly from
field investigation in the recycling plants and
background LCA databases, including
RCEES2017 developed in Chinese Academy of
Sciences and Eco-Invent database 3.5.

Results

The results of MLCA of notebook computers
are shown in Fig. 3. The results show that the
environmental performance in Scenario C is
better than Scenario D. That means too
frequent replacement can increase the total
environmental loadings much more compared
with  lifespan  extending for notebook
computers. Based on the MLCA results, the
optimal replacement timing and the optimal
notebook computer lifespan can be calculated,
assuming the best environmental performance
as the target.
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Figure 3. MLCA results of notebook computers
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Conclusions

The results of MLCA in both cases indicated
that lifespan extending is better than frequent
replacement for the notebook computer in the
environmental performance view, as the energy
efficiency improvement of notebook improves
not so fast. While the MLCA results indicated
that products replacement is better for air-
conditioners, because the energy efficiency
improved fast and evidently. In conclusion,
MLCA can be useful for assessment of product
lifespan extending point, or named the
replacement timing, based on the multi-life
cycle environmental performance. Further,
environmentally friendly technology innovation
as an important factor beyond the product itself
should be taken into consideration for optimal
product lifespan assessment.
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