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Summary

The electronics industry faces many challenges when it comes to sustainability. This study is there-
fore aimed at identifying the environmental hotspots in the cradle-to-gate life cycle of one of CPAC
system’s (CPAC) electronic control units (ECUs), the Hydra. The life cycle assessment (LCA) con-
ducted on the Hydra showed that the main environmental impact of the product is related to the
aluminium housing covering the assembled printed circuit board (PCBA), as well as the main PCBA
itself. This is due to the energy intensive aluminium production and the amount of geochemically
rare minerals, such as gold, used in the components on the PCBA. To help CPAC make informed
decisions about possible emission reductions of the Hydra, a scenario analysis aiming at lowering
the environmental impact of the product was conducted. Three scenarios were included in the anal-
ysis, which all focused on the aluminium housing, as it was an environmental hotspot as well as a
component possible to change. First, the electricity mix for the aluminium production was changed
from Chinese to Norwegian. Second, the primary aluminium ingots were entirely replaced by re-
cycled aluminium scrap. Third, the material of the housing was changed to glass fibre reinforced
plastic. All three scenarios resulted in impact reductions and provided knowledge that enabled the
formulation of emission reduction strategies to minimize the overall environmental impact related
to the Hydra. The following strategies can be of use for reducing the environmental impact of the
Hydra: either a combination of increasing the share of renewable energy in the electricity mix for
aluminium production and using recycled aluminium in the housing of the Hydra, or changing the
material of the housing from aluminium to glass fibre reinforced plastic.

Keywords: Life Cycle Assessment (LCA), Electronic Control Unit (ECU), Printed circuit board
(PCB), Global warming, Mineral resource scarcity
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List of Acronyms

Below are acronyms that have been used throughout this thesis, which are listed in alphabetical
order:

Acronym

AOI

BOM

CF

CSI

CSPs

ECU

EMI

ESD

EQ

GHG

IC

ICT

IMDS

IPCC

ISO

LED

LCA

LCIA

LCI

PCB

PCBA

SMD

SMT

SPI

SOP

THT

Definition

Automated optical inspection

Bill of materials

Characterisation factor

Crustal scarcity indicator

Crustal scarcity potentials

Electronic control unit

Electromagnetic interference

Electrostatic discharge

Equivalents

Greenhouse gas

Integrated circuit

Integrated circuit testing

International material data system

Intergovernmental Panel on Climate Change

International Organization for Standardization

Light emitting diode

Life cycle assessment

Life cycle impact assessment

Life cycle inventory

Printed circuit board

Printed circuit board assembly

Surface mounted device

Surface mount technology

Solder paste inspection

Surplus ore potential

Through hole technology
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Figure 4: Flowchart providing a detailed overview of the life cycle for the Hydra, from cradle to
gate. Each blue box represents the production of a component or a process step required to produce
the final product, and the red arrow represents the reference flow out of the system.
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are transported to the factory from the component suppliers. The smaller electrical components are
mainly packaged using tape and reel, while the moisture sensitive components such as the processors
are packaged in electrostatic discharge (ESD) protected plastic bags to avoid moisture exposure. To
approximate the waste from these packaging materials, it has after discussions with CPAC been
assumed that all components are delivered on plastic tape and reels, and that each tape and reel
contains 3000 components. This approximation, together with the total number of components on
the Hydra, and the weight and material composition of a tape and reel, gave an amount of plastic
in grams that is assumed to be generated as waste for each Hydra. The corresponding amount of
material waste has been added as a waste to the process modeled in Ecoinvent.

In order to approximate the energy use in each step of the assembly process, a step-by-step process
chart has been supplied by CPAC, which shows each step of the assembly process along with the
time required for each step to produce one Hydra. For each step, the machinery has been identified
with help from the production facility in Slovakia, and by using the time schedule provided by CPAC
and the energy consumption of each machine in each step the energy requirement was calculated.

In the first step of the assembly process, the materials are received for inspection, stocking and
preparation. This step was approximated as a computer, to estimate the environmental impact of
the stocking and marking system that is used to keep inventory of the received components. A
dataset for computer use in Ecoinvent was used to represent this process.

The PCB is then placed in the first step of the manufacturing line, where it passes through a machine
that performs laser marking. In this step, each PCB is uniquely marked to enable identification and
tracking through the assembly process, as well as through its distribution and operation. Based
on information regarding the machine used in the factory, the dataset laser machining, metal, with
CO2-laser from Ecoinvent was used for this process (Table 10).

Afterwards, the PCB is subject to SMT, in which solder paste is applied where components are to
be placed to enable attachment of the components. The components themselves are placed on the
board using a pick and place robot, which picks up the components from a tape and reel and places
them on the PCB where the solder paste has been applied. Then, the PCB is heated in a re-flow
oven, to melt the solder paste and thereby attach all components to the PCB. The PCBA used in
the Hydra has components on both its sides, and thus this process is repeated for the bottom of
the PCB. After each step of the SMT process, the board is subject to automated inspection, either
solder paste inspection (SPI) or automated optical inspection (AOI) to ensure that all components
have been placed correctly and that the PCB can progress to the next step of the assembly process.
For the SMT process, there is a suitable dataset available in Ecoinvent that has been used. This
dataset was thoroughly analyzed and compared to the actual process to ensure it was an adequate
approximation. The dataset for surface mounting, using lead-free solder paste, in the Ecoinvent
database includes the solder material used, the infrastructure for the mounting facility, as well as
the mounting activity itself. The dataset for the mounting facility for SMT is comprised of five
component placing machines, one inspection device and one reflow oven. The SMT process used
by CPAC is, however, slightly different from the SMT dataset in Ecoinvent, and this dataset was
therefore altered. Since the PCB passes through the SMT process twice to attach components to
both the top and the bottom of the PCB, this had to be adjusted for by counting this process twice.
The process under study also has more inspection steps than the dataset in Ecoinvent - after the
re-flow oven, 20% of the PCBs are subjected to an X-ray inspection to ensure that the components
have been mounted correctly. This step is energy demanding, and not included in the SMT-dataset
in Ecoinvent. There is no suitable approximation of an X-ray in Ecoinvent, so this step had to
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Figure 7: Global warming of the different phases of the aluminium-production, for producing the
aluminium housing for one Hydra.

For PCBA Main, the component category contributing the most is the ICs, followed by the connec-
tors, processors and PCB. Looking more closely at the ICs, it is the logic-type ICs that contribute
to almost the entire impact of the ICs, while the impact of the memory-type ICs is much smaller.
This can be explained by the fact that there is so much less IC memory type by weight compared to
the IC logic type. The processors on PCBA Main are approximated as ICs of logic type, so therefore
the high impact of these are explained in the same way as for the IC component.
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Figure 8: Global warming of the components mounted to PCBA Main.
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Figure 26: The impact on water use of the different components mounted to PCBA Main.

5.8 Other impact categories

The results of the remaining impact categories in the ReCiPe 2016-method, that have not been
covered above, are presented in Appendix A3. All impact categories show similar results as the ones
already discussed, where the main impact is related to the production of the aluminium housing and
PCBA Main. The results from the following impact categories are presented: acidification, fresh-
water ecotoxicity, marine ecotoxicity and terrestrial ecotoxicity, freshwater eutrophication, marine
eutrophication, carcinogenic and noncarcinogenic human toxicity, ionizing radiation, ozone deple-
tion, photochemical oxidant formation (human health and terrestrial).
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8 Conclusions

The electronics industry faces many sustainability challenges, which need to be tackled during the
coming years. CPAC aims for a 30% impact reduction until 2030 and in order to accomplish this it
is of importance to know the current environmental impact related to their products.

In this study, an LCA was performed of one of CPAC’s ECUs with the aim to determine the
environmental hotspots in its life cycle from cradle-to-gate, as well as to formulate potential strategies
to reduce its environmental impact with 30%. The LCA showed that the overall environmental
impact of this product is mainly attributed to the aluminium housing and the main PCBA.

To answer the second research question, a scenario analysis was performed, from which two impact
reducing strategies can be formulated. These strategies can be considered to reach the goal of a 30%
impact reduction, although the exact size of the resulting reduction will depend on the ambition of
the undertaken actions.

The first strategy is to change the aluminium housing. This can be done in several ways:

• Increasing the share of renewable energy in the electricity mix used for aluminium production

• Using recycled aluminium in the housing of the Hydra

• Excluding the process of anodising the aluminium housing

Reconsidering the choice of supplier for the Hydra’s housing is crucial, with a focus on selecting
a supplier that utilizes a higher share of renewable energy in their electricity mix. For example,
this could involve choosing a supplier with manufacturing facilities located in a country with a high
share of renewable energy or exerting pressure on the current aluminum supplier to invest in local
renewable energy. Another promising action is to incorporate recycled aluminum in the housing of
the Hydra, as this has been proven to improve environmental performance. Switching from primary
to recycled aluminum would not negatively affect the function of the Hydra and would therefore be
a viable alternative from a product performance perspective. Furthermore, there is a possibility to
remove the anodised layer of the housing since it is only used for aesthetic purposes. This would
also reduce the impact on global warming, and provide a straightforward solution to begin taking
action.

The second alternative is to redesign the Hydra by using glass fibre reinforced plastic instead of
aluminium in the housing. This would entail a halving of the product’s impact on global warming
from a cradle-to-gate perspective, which is more than enough to reach the 2030 targets. However,
a housing made entirely from a composite material lacks certain functions that the housing made
from aluminium provides, so to provide the same functions, it would need to be complemented with
other materials.
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A2. Unit processes

In this Appendix the unit processes for the components and processes modeled by the authors are
shown (Tables 3-18).

Table 3: Unit process for the production of 1 kg aluminium housing, using the top cover as an
example.

Table 4: Unit process for aluminium die casting.

Table 5: Unit process for the production of 1 kg EMI shielding gaskets.

Table 6: Unit process for the assembly of one Hydra.
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Table 7: Unit process for the production process of one Hydra.

Table 8: Unit process for the transport of one assembled Hydra, from the factory in Slovakia to the
storage unit in Sweden.

Table 9: Unit process for PCBA Main. The modem PCBA contains the same components but with
varying amounts.
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Table 10: Unit process for the production of PCBA Main. The modem PCBA contains the same
processes but with varying amounts.

Table 11: Unit process for the production of 1 kg of screw-type 1.

Table 12: Unit process for the production of 1 kg of screw-type 2.
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Table 13: Unit process for the production of 1 kg of screw-type 3.

Table 14: Unit process for the production of 1 kg of screw-type 4.

Table 15: Unit process for the production of 1 kg shield clip.

Table 16: Unit process for the production of 1 kg shielding can.

Table 17: Unit process for the production of 1 kg of shielding for the LTE module.
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Table 18: Unit process for the production of 1 kg of washer.
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A3. Impact assessment

In this appendix the results from the LCIA of the base case are shown (Figures 34-45), for each of
the impact categories not discussed in detail in Section 5.
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Figure 34: Acidification of the major components of the Hydra, as well as its assembly and transport.
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Figure 35: Ecotoxicity: freshwater of the major components of the Hydra, as well as its assembly
and transport.
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Figure 36: Ecotoxicity: marine of the major components of the Hydra, as well as its assembly and
transport.

[k
g 

1.
4-

D
C

B
-e

q/
H

yd
ra

]

0

500

1000

1500

2000

PCBA main Aluminium housing Parts for Hydra assembly PCBA modem Hydra assembly Transport of Hydra Hydra (total)

Figure 37: Ecotoxicity: terrestrial of the major components of the Hydra, as well as its assembly
and transport.
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Figure 38: Eutrophication: freshwater of the major components of the Hydra, as well as its assembly
and transport.
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Figure 39: Eutrophication: marine of the major components of the Hydra, as well as its assembly
and transport.
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Figure 40: Human toxicity: carcinogenic of the major components of the Hydra, as well as its
assembly and transport.
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Figure 41: Human toxicity: non-carcinogenic of the major components of the Hydra, as well as its
assembly and transport.

62



[k
B

q 
C

o-
60

-e
q/

H
yd

ra
]

0

2

4

6

8

10

PCBA main Aluminium housing Hydra assembly Parts for Hydra assembly PCBA modem Transport of Hydra Hydra (total)

Figure 42: Ionizing radiation of the major components of the Hydra, as well as its assembly and
transport.
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Figure 43: Ozone depletion of the major components of the Hydra, as well as its assembly and
transport.
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Figure 44: Photochemical oxidant formation: human health of the major components of the Hydra,
as well as its assembly and transport.
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Figure 45: Photochemical oxidant formation: terrestrial of the major components of the Hydra, as
well as its assembly and transport.
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A4. Results of the scenario analysis

In this appendix the results for the base case and three improvement scenarios are shown (Tables
19-37) for all impact categories studied, the results are calculated per Hydra.

Table 19: Acidification for the base case and the three improvement scenarios

Table 20: Ecotoxicity: freshwater for the base case and the three improvement scenarios

Table 21: Ecotoxicity: marine for the base case and the three improvement scenarios
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Table 22: Ecotoxicity: terrestrial for the base case and the three improvement scenarios

Table 23: Eutrophication: freshwater for the base case and the three improvement scenarios

Table 24: Eutrophication: marine for the base case and the three improvement scenarios
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Table 25: Fossil resource scarcity for the base case and the three improvement scenarios

Table 26: Global warming for the base case and the three improvement scenarios

Table 27: Human toxicity: carcinogenic for the base case and the three improvement scenarios
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Table 28: Human toxicity: non-carcinogenic for the base case and the three improvement scenarios

Table 29: Ionizing radiation for the base case and the three improvement scenarios

Table 30: Land use for the base case and the three improvement scenarios
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Table 31: Mineral resource scarcity for the base case and the three improvement scenarios

Table 32: Mineral resource scarcity for the base case and the three improvement scenarios

Table 33: Ozone depletion for the base case and the three improvement scenarios
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Table 34: Particulate matter formation for the base case and the three improvement scenarios

Table 35: Photochemical oxidant formation: human health for the base case and the three improve-
ment scenarios

Table 36: Photochemical oxidant formation: terrestrial for the base case and the three improvement
scenarios
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