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Abstract— Digital solutions based on information and
communication technologies (ICT) provide many opportunities
in buildings to achieve resource and energy efficiency. In
general, these solutions enable either monitoring or advanced
control of buildings. The ICT solutions’ overall impacts on the
environment are often presumed positive without a holistic
approach based on life cycle thinking. The research on energy
and indoor monitoring systems usually focuses on system
performance and potential benefits rather than the entire
system and it thus misses the life cycle impacts of the system
itself. To address this limitation, the aims of this study are to
assess life cycle environmental and resource impacts of a
building monitoring system (BMS) and to identify hotspots in
this system. The case study of KTH Living Lab represents an
extensive BMS. It was applied and assessed using Life Cycle
Assessment (LCA) methodology. The results show that wires,
sensors and data acquisition equipment constitute hotspots for
all the environmental and resource impacts assessed in this
study. Thus, the impacts of these devices are important to
consider by, e.g. building managers.

Keywords—LCA, ICT solutions, environmental assessment,
sustainability

I. INTRODUCTION

The advancements in Information and Communication
Technology (ICT) have industrialized data collection,
processing and storage on a large scale. Many applications of
ICT and digitalization improve the conventional operations
and processes which can contribute to environmental
sustainability [1]. The environmental effects of digital
solutions can be described as first, second and higher order
effects [2], [3]. The first order effects, which also are referred
to as direct effects, are the negative impacts from raw material
extraction, production, transportation, use, and disposal of
ICT. The second order effects are usually positive substitution
and optimization effects which correspond to the purpose of
the system. The higher order effects could be negative such as
direct and indirect rebound and induction effects or positive
such as promoting sustainable lifestyles [4]. The
environmental impacts of ICT can be tracked to every life
cycle phase of ICT although the majority of environmental
impacts of ICT commonly are related to the production of
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electronics and especially when they are battery-powered [5].
The current carbon footprint of ICT is estimated to be about
1000-2000 MtCO»-eq which stands for 2%-4% of the world’s
greenhouse gas (GHG) emissions [5].

Buildings are resource- and energy-intensive and reducing
their impacts on the environment is significant to mitigate the
overall anthropogenic environmental impacts.
Decarbonization of buildings is important for climate change
mitigation as the building sector is responsible for 40% of the
world’s final energy use [6], and a quarter of greenhouse gas
emissions [7]. A large share of GHG emissions of buildings is
related to their operation phase [8], [9]. However, in the
context of Sweden where the energy sector has been mostly
decarbonized, the majority of the emissions occur during the
production phase of buildings [10], and the installations are a
significant part [11], [12].

The applications of ICT in buildings are based on the
ability to monitor the buildings’ components and processes
and optimize them for improved functionality which are
referred to as positive enabling effects [1]. Smart building is
defined as when the sensors, appliances, and other devices are
linked by communication networks to enable monitoring and
control functions [13]. This definition is entangled with
digitalization in buildings. The concept of Internet of Things
(l1oT) shares a similar approach as it pushes the everyday
devices to be connected to the cloud, which requires
connectivity features and computing capabilities. 10T can be
considered as an enabler for the smart building concept. There
are two different smart home ambitions, one focuses on
energy efficiency while the other one is associated with luxury
and modern life [14]. Regardless of the purpose, smart
building requires extensive deployment of electronic and
mechanical devices for sensing, data acquisition, network and
data transmission, data storage, and actuating.

The applications of ICT for the operation of buildings are
also developing and the related components such as sensors,
their connectivity, and the middleware platforms are
becoming easy-to-use and cost-efficient [15]. The
applications of ICT solutions in buildings are related to either
technical building management or building automation and



control [16]. Monitoring of indoor environment parameters,
human-building interactions (occupancy), and energy use
enable technical building management by applications such as
space use management [17], fault detection [18], and
promoting more sustainable use of buildings. Building
automation solutions consists of ICT solutions for control of
various building components, which can reduce the negative
effects of occupants’ behavior and inefficient building control
on energy use [19].

Digitalization is often perceived as a process leading to
reduced environmental impacts. Such inferences are
undertaken without adopting a holistic approach on both
positive and negative effects of using ICT solutions. A holistic
approach is specifically important when ICT solutions are
used with the intention to have a positive effect on
environmental sustainability for example by reducing
greenhouse gas (GHG) emissions. This also applies to the
building sector where the environmental benefits achieved by
ICT solutions in buildings are often taken for granted without
considering the lifecycle impact of the enabling technologies.
The presumption of ICT solutions being environmentally
sustainable may not be true considering some ICT
components are material-intensive and require considerable
power to operate. The direct environmental impacts of ICT
devices during their life cycle is often overlooked [20]. This
limited view on the effects of digital solutions is likely to lead
to overestimation of their environmental benefits. The
environmental concerns related to smart technologies need to
be considered when evaluating their benefits [21].

Life cycle assessment (LCA) methodology can be used for
assessing the environmental impacts of a product, service or
system, including ICT solutions [22]. The production, use and
waste management of ICT components are all associated with
environmental impacts that can be assessed by LCA. LCA
allows understanding the compromise between the
environmental burdens and benefits and also for analyzing
which parts and components are most important from an
environmental perspective and how impacts can be reduced.

Previous research shows that the sustainability of ICT
solutions in buildings such 10T sensors depends on their
embodied carbon during their production, the ecotoxicity of
their e-waste, and the internet traffic of the generated data
[23], [24]. Pirson and Bol [20] presented a parametric
framework based on hardware profiles for LCA of 10T edge
devices which might be used in buildings. There are a few
studies on LCA of ICT in buildings [25], [26], however, the
quantitative analyses are still scarce. The literature
emphasizes the importance of considering the environmental
effects of the smart solutions in buildings along their lifecycle
[27]. There is currently a need for more LCA case studies that
assess the overall impacts resulted from ICT solutions which
are often promoted to as a tool to de-carbonize buildings. The
need for conducting such studies can be underlined, as the use
of ICT solutions becomes a market trend. Such solutions have
even come to the European Union’s attention which
encourages the adoption of intelligent metering and active
control systems in buildings with the aim of energy efficiency
[28].

This study analyzes environmental and resource impacts
of increased digitalization and use of ICT in buildings. To
address knowledge gaps in this area, the aims of this study are
to assess life cycle environmental and resource impacts of a
BMS and to identify related hotspots. This is done to address

the following research question: What are the hotspots in
terms of environmental and resource impacts of the BMS
system? LCA methodology is applied on a case study of a
sensor-based BMS, representing a high level of digitalization
and sophistication in buildings. The BMS as well as the
infrastructure supporting this system, including the network
and data storage infrastructure, are included in the analysis.

Il. METHODOLOGY

LCA was applied and five impact categories were
included. Building monitoring systems consist of many
components, which could differ from case to case based on the
system provider and the functionality. The compositions of
the analyzed systems are based on the observation and
assessment of the real cases.

The analysis in this paper is based on cradle-to-gate LCA
methodology considering sensing, edge and cloud devices
similar to the approach in previous study by [29]. The analysis
is based on assumptions and simplifications, which are
explained in the next section. The environmental assessment
of smart technologies in buildings is challenging due to the
high complexity of electronic devices and the lack of data [20]
which requires simplification and assumptions.

A. Case Description

The KTH live-in lab BMS was selected as the case for this
study and represents a building with comprehensive BMS.
The lab is a real-life platform to investigate the technologies,
their associated risks user behavior, operation aspects and new
skills [18]. The lab is 300 m? and consists of four student
rooms, two shared bathrooms, a shared kitchen and living
rooms. In addition, there are an office and a technical room for
researchers. One of the main considerations for KTH live-in
lab has been smart building features and thus it is equipped
with an extended sensor network. The high level of building
monitoring with extensive data collection is enabled by 200
installed sensors. The sensors are deployed to monitor indoor
environment parameters such as temperature, humidity and
COg, noise level, and illuminance.

Sensors > Wires. » | Dat >

Data
transmi »| Datastorage
and netwark

Fig. 1. [lllustration of the flow of data in the building monitoring system
case.

Fig. 2. The components related to data acquisition and network in the KTH
live-in lab.



Moreover, the energy for space heating is metered. The
monitored parameters allow a better understanding of building
dynamics with the main function of monitoring indoor
environment and energy use. Fig. 1 depicts the flow of data
and illustrates different parts of the system, of which some are
composed of several components. The electronic components
related to data acquisition and some of the components related
to data transmission can be seen in Fig. 2. Table 1 presents the
components that are included in the analysis.

B. Life Cycle Assessment

The LCA methodology in this study is based on the
ISO140040 Standards series. The goal of this study is to
analyze the environmental impacts of implementing a digital
solution for building monitoring in residential buildings. The
LCA model is conducted to represent cradle-to-cradle
approach. The scope of the study is in Sweden except for the
production, why a Swedish energy mix was used for the
operation phase. The sourcing of most of the components was
assumed to take place worldwide. This study took into account
production, use and end of life (EoL) phases. The lifetime of
sensors and electronic components are considered to be 10
years as recommended by most of the components’
manufacturers. For data transmission, the electronic
components installed in the cases are analyzed based on all
their lifecycle phases but for the main part of the process, only
the use phase is taken into account. For data storage in cloud
servers, only the operational phase was considered as the
embodied emissions of this part of the system are relatively
negligible [30]. A flowchart for the system is provided in Fig.
3.

TABLE I. LIST OF THE COMPONENTS INCLUDED IN THE ANALYSIS.
THE COMPONENT NAMES WITHIN PARENTHESIS ARE THE FULL NAMES
APPLIED FOR THESE COMPONENTS BY THE COMPONENT MANUFACTURERS.
(RP STANDS FOR REPRESENTATIVE PRODUCT)

KTH
Components Description live-in
lab
Sensors Occupancy sensors are used as 200
representative for various types of pieces
sensors. The product is assumed to
be in active mode 50% of the time
with a power use of 0.36W and in
stand-by mode 50% of the time with
a power use of 0.2W. All 3 lifecycle
phases are considered for the
analysis.
Input/output Input/output module, the production 5 pieces
module is based on representative product
(”SmartXcontrolle | RP1
r Ul-16”)
Analogue output | Analogue output, the production is 2 pieces
(“Controller modelled based on representative
AO V 8 H”) product RP1
Power supply | All 3 lifecycle phases are considered 1 piece
(“SmartXcontrolle | for the analysis.
r PS-24V>)
Connector All 3 lifecycle phases are considered 1 piece
(“Terminal Base | for the analysis.
TB-10-W1™)
Digital output | Digital output, the production is 1 piece
(“Smart Controller | based on representative product
DO_FA_12_H”) RP1. All 3 lifecycle phases are
considered for the analysis.
Controller server | All 3 lifecycle phases are considered 1 piece
(“Smartcontroller | for the analysis.
X AS-P”)
M-Bus master 1 M-Bus receiver, constantly 1 piece
(“Elvaco exchanging data with the M-Bus
CMeX50”) meters, the production is modelled

KTH
Components Description live-in
lab
based on representative product
RP2. All 3 lifecycle phases are
considered for the analysis.
M-Bus meter 2 M-Bus Metering Gateway for fixed 1 piece

(“Elvaco network, the production is modelled

CMe3100”) based on representative product
RP2. All 3 lifecycle phases are
considered for the analysis.

Wires 15 mm wire diameter. The 3200
production and disposal are included meter
in LCA.

Box The boxes are made of galvanized 150 kg

steel. The production and disposal
phases are included in LCA

Data network Data network consists of a fixed | 2 GB per
energy use intensity for a certain week
data volume which is included in
LCA.

Data storage and | Data storage and processing is | 2 GB per

processing assumed to be performed in AWS week

infrastructure in Ireland. A fixed
energy use intensity during use
phase is included in LCA

Regarding the inventory analysis, Appendix A presents
the technical information and inventory of the components
taken from the manufacturers. The material composition for
most of the electronic components are collected from the
manufacturers and proxy devices are used for some others.
The SimaPro version 9.5.0.1 software and the Ecoinvent 3.5
database were used for inventory analysis and impact
assessment.

System boundary

Production of
sensors ~
Production of ‘
wires

~|
) Use phase End of life:
BMS BMS

Production of
components
for data
acquisition

Energy, materials —»|

nnnnnnnnnnn
and network

I

Use phase:
Data storage

Fig. 3. Flowchart for the KTH live-in lab case.

Previous studies on ICT solutions in buildings considered
it useful to define the functional unit in connection to the
household and the living condition [26]. Accordingly, the
functional unit is energy and indoor environmental monitoring
for 4 single occupant apartments during 10 years of operation.
The product system is based on the usage motive to provide
better comfort, fault detection and operational optimization
which can directly or indirectly lead to improvements in
energy management and energy savings. All the components
that may not be ICT-related are outside the system boundary
including the parts related to control and actuation. Sensitivity
analysis is conducted based on the scenarios with changes in
system’s service life and electricity grid mix to provide an
overview of their effects on the global warming potential.

The weight-based representative products RPland RP2
are selected based on the production phase of two electronic
components with similarities to the components used in the
case study systems. RP1 and RP2 were designated to some of



the products with missing information on their production and
material composition. This simplification is necessary as
collecting all the inventory data for ICT devices is often
challenging [31].

The manufacturers for some of the electronic components
have provided average -electricity use. For the other
components it was assumed that they run on nominal
electricity use due to lack of information on their standby
times. As the system is implemented in a building in Sweden,
the energy use for the operation of devices and components is
assumed to be from Swedish electricity grid mix. The
connections of sensors and smart devices to the network were
wired while such systems could be designed with wireless
connection. The wired connections are considered more
reliable and are more commonly used in commercial
applications in which the data is used for control and
automation.

The energy use for data transmission and storage is related
to electricity use of network and cloud storage. The
calculation of the energy demand for data transmission from
data acquisition part to cloud during the use phase is based on
a study that shows downloading one Gigabyte (GB) data in
Europe from a cloud-based data center located in the United
States requires 0.022 kWh of electricity [32]. Modifying this
value while considering the emission factor for the average
European grid mix and US grid mix shows that 17.8% (0.004
kWh/GB) of the energy intensity corresponds to data
transmission. This value is in line with the results from another
study, which estimates the electricity intensity of the
transmission network (core and access networks) in 2015 to
be 0.06 kWh/GB [33]. Since the year 2000, in developed
countries, the average energy intensity has decreased
approximately by half every two years, which leads to the
estimation of 0.004 kWh/GB energy intensity in average for
the year 2023. This estimation deviates only 3% from the
calculated ratio.

Regarding data storage, the study considers the sensor data
is stored for 10 years as the historical data have applications
for system optimization, fault detection and diagnosis. The
duration of data storage is assumed independent from the
lifetime of the rest of the system. For the energy intensity of
data storage, a data centre in Ireland operated by AWS with
power use effectiveness (PUE) of 1.135 is considered and
evaluated. The storage of data on a disk in a data center in
Ireland is estimated to be 1.988 Wh/GB per month [34]. The
energy use from other parts of the data centre is estimated
based on the information presented in a study on
environmental impacts of data centres [35]. It can be assumed
that the energy demand in a data center is related to servers
(49.7%), storage (14.2%), networking equipment (7.1%),
cooling (3.6%), switchgear and distribution losses (1.4%), and
UPS losses (6.0%). The data centres are likely to exchange
data which is assumed to be done among different
geographical data centers in Ireland and electricity intensity
for data exchange to be 0.001 kWh/GB with AWS's PUE [34].

The box/cabinet that accommodates the electronics is
made of steel and does not require air-conditioning. The
disposal phase related to this component is related to the
recycling of metal. The disposal phases for the electronics and
the wires are considered by specific processes corresponding
processes presented in Table 111 in Appendix A.

Life Cycle Impact Assessment (LCIA) was conducted for
the impact categories of Climate Change (GWP), Human
Carcinogenic Toxicity (HCT), Human non-Carcinogenic
toxicity (HNCT), and mineral resource scarcity (MRS) based
on Recipe 2016 v1.1 (H) method. In addition to this, the
primary energy demand (PED) based on Cumulative Energy
Demand V1.11 method was also assessed. GWP and PED are
related to the primary function of such digital solutions, which
is energy use optimization. MRS indicates the impact from the
minerals in the electronic components. HCT and HNCT
measure the toxicity to human during the life cycle of the
system. The choice of impact categories is in line with
previous studies of digital solutions in buildings [26].

I1l. RESULTS AND DISCUSSION

A. Life Cycle Impact Assessment Results

The LCIA results for the five included impact categories
for the KTH live-in lab BMS are presented in Fig. 4. The
majority of impacts stem from the life cycle of sensors, wires
and electronic components of the data acquisition part.
Sensors are largest contributors to GWP and PED at 44% and
60%, respectively. Thus, sensors have higher responsibility
for impacts related to the main function of BMS, which is
energy efficiency. With 20%-40% of impacts, sensors are not
the largest contributor compared to the other parts of the
system for HCT, HNCT and MRS. Wires dominate the
impacts for HCT, HNCT and MRS at 51%, 76%, and 61%,
respectively. Wires’ share of impact is relatively large for
GWP at 24%. Data acquisition components in Case 1 are more
significant for GWP and PED with 28% and 22% shares of
impacts, respectively. Their shares are significantly lower for
HCT, HNCT and MRS, which are less than 11%. The impacts
of network and data transmission part accounts for 10% of
PED impact and less than 3% of other impact categories. Data
acquisition components, data transmission and network, and
data storage processes have relatively smaller share in all the
impact categories. The share of data storage is insignificant.

Further analysis was conducted for the different life cycle
phases of the case, including manufacturing, use, and disposal
and the results are shown in Fig. 5. Climate impacts of the
building monitoring systems during their production, use and
disposal are 1684 kg CO; eq. The production phase dominates
the GWP impacts of the BMS with 76% of the impacts.
Production of sensors is responsible for 30% of the emissions
related to GWP impacts. The production of wires in leads to
20% of the GWP impacts. The production of electronic parts
for data acquisition is significant for the GWP impacts at 24%
and 29% of GWP impacts.

Sensors Wires Data acquisition Network and data transmission m Data storage

100% T

80%

60%

40%

20%

Characterisation of impacts (%)

0%
GWP HCT HNCT MRS PED

Impact categories

Fig. 4. Environmental and resource impacts for the KTH live-in lab case.
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Fig. 5. Global warming potential for different life cycle phases for the KTH
live-in lab case.

The use phase consists of mainly the electricity use for
operating various parts of system, which causes 222 kg CO;
eg. A significant part of the emissions from the use phase
originates from the operation of sensors and electronic
components. The disposal phase causes about 7 kg CO: eq,
which is almost negligible compared to the total emissions.

As the information for second order effects of the
building monitoring system is not available, the amount of
GHG emissions by direct effects are used to estimate the
minimum energy efficiency to offset the footprint of the BMS
and the results are presented in Table 2. Calculating a break-
even point is common practice in LCA studies [36].
Accordingly, the break-even point for the BMS to
compensate for its direct effects on GWP impact by energy
efficiency is when it can lead to 24% energy saving. This
result is based on the electricity used from Swedish grid mix.
Emission factor for electricity in Sweden is considered to be
0.045 kg CO2/kwWh while electricity use of building is 51
kWh/m?/year.

TABLE 2. ESTIMATION OF THE MINIMUM REQUIRED ENERGY
SAVING IN SWEDEN

KTH live-in lab and the effects of BMS Estimations
Total emissions of building monitoring system (kg CO2 eq) 1684
Total energy use of building (kWh) 153000
Total emissions by energy use of building (kg CO:z eq) 6931
Minimum required energy saving 24%

B. Discussion

ICT solutions can have various compositions,
configurations and designs which could be related to usage
motive [26], or technical limitations. There is significant
heterogeneity to ICT devices footprints as the difference could
reach 150x [20], thus, the generalizability of the results could
be limited. A study on the environmental impacts of ICT
solutions for building energy management shows their
lifecycle GWP impacts are significantly smaller than their
effects from the abatement of GHG emissions [25]. The
results of our study indicates the net effects of such solutions
are not always positive or largely positive depending on the
factors such as the type and configurations of ICT solutions,
the building’s baseline energy performance, the geographical
location and emissions factors of the energy systems, etc.

The analysis in this study and the results are case-
dependent. The results could differ for other cases with
different system design and different system providers and
manufacturers. One example is the use of wireless sensors
instead of wired sensors which eliminates the use of wires and
their environmental impacts. However, the use of additional
components for sensors’ network connection and the use of
battery needs to be considered in LCA which might reverse
the result.

BMS can be leveraged for several applications, such as
energy efficiency but also for improving comfort and building
maintenance. The two latter functions are challenging to
quantify and include in an LCA. Even when BMS is installed
for energy efficiency purposes which can be quantified by
energy meters, or energy simulations, a better understanding
of their environmental effects requires considering other side
effects related to, e.g. behavioral changes such as rebound
effects resulting from efficiency gains, and induction effects
leading to increased device purchases [1].

IV. CONCLUSIONS AND FUTURE RESEARCH

The adoption of ICT solutions in buildings has accelerated
as the related technologies have become more economic,
reliable and user-friendly. There is extensive research on
developing ICT applications in buildings, however, studies on
their environmental burden with a life cycle perspective are
scarce. The findings are useful for manufacturers, building
managers, researchers, and policymakers to develop a holistic
view on the effects of the ICT solutions in buildings. The
results indicate the importance of lifecycle thinking on
assessing BMS performance due to the significant impacts of
the system during various lifecycle phases. The results
highlight the negative effect of over-use of sensors and data
collection. Wires, sensors and equipment for data acquisition
are contributing the most to the assessed environmental
impacts and can be considered as hotspots. It is important to
avoid redundant data and ensure the data collected is used. The
number of sensors installed has to be optimal to the intended
function. It is important to realize that digitalization comes
with a cost and that this investment should be used efficiently.
The results show that it is necessary to consider the
environmental constraints when designing and implementing
ICT solutions in buildings. The lack of life cycle thinking in
adoption of ICT solutions may lead to failure in achieving the
environmental aspiration intended for the system and even the
opposite results than what expected of the ICT solutions.

For future research, more cases and additional studies are
needed. Future research should investigate how the
environmental and resource impacts of BMS relates to
potential energy savings, typically reported to be about 20%
for smart control of energy systems in buildings [37], and what
level of energy savings that are needed to have net benefits
from the system. Furthermore, second order effects of BMS,
which could be assessed by a comparison of a reference
building without an ICT-enabled automation system and a
building with BMS, should be assessed. Another method is to
establish a theoretical baseline with the assumptions for a
building which may not exist. Such a building can be modeled
in an energy performance simulation software such as IDA
ICE. Other areas for future research are improving the
simplified model used for data transmission in this study, the
role of various system designs and configurations, adding
additional parts such as software to LCA model, and the effect
of recycling material in production of electronic components.
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APPENDIX A

TABLE II. MATERIAL COMPOSITION OF THE ELECTRONIC COMPONENTS
Inputs from Material Amount Amountin | Unit Ecoinvent process
Technosphere: Percentage | per piece/ KTH live-
materials/fuels meter in lab case
Sensors 100 0.25 50.3 kg
PE Polyethylene 4.3 1.08E-05 2E-3 kg Polyethylene, high density, granulate {GLO}| market for
polyethylene, high density, granulate | Cut-off, U
PC Polycarbonate 54.4 0.136 27.4 kg Polycarbonate {GLO}| market for polycarbonate | Cut-off, U
Copper 0.2 5.03E-4 0.100 kg Copper-rich materials {GLO}| market for copper-rich materials |
Cut-off, U
Cardboard 23.8 0.060 12 kg Carton board box production, with gravure printing {GLO}| market
for carton board box production, with gravure printing | Cut-off, U
Electronic components 8.8 0.022 4.42 kg Electronic component, passive, unspecified {GLO}| market for
electronic component, passive, unspecified | Cut-off, U
Paper 7.9 0.020 3.97 kg Printed paper {GLO}| market for printed paper | Cut-off, U
Steel 0.6 0.001 0.301 kg Sheet rolling, steel {GLO}| market for sheet rolling, steel | Cut-off, U
Electricity - 0.35 70 kWh | Electricity, medium voltage {GLO}| market group for electricity,

medium voltage | Cut-off, U

Wires 0.018 208 kg Cable, unspecified {GLO}| market for cable, unspecified | Cut-off, U

RP 1: SmartX

Controller DO-FC-8-H 100 0.235 118 kg

polycarbonate (PC) 316 6.66E-2 0.333 kg Polycarbonate {GLO}| market for polycarbonate | Cut-off,

U




Inputs from Material Amount Amountin | Unit Ecoinvent process
Technosphere: Percentage | per piece/ KTH live-
materials/fuels meter in lab case
acrylonitrile butadiene 7.6 0.016 0.08 kg Polystyrene, general purpose {GLO}| market for
styrene (ABS) polystyrene, general purpose | Cut-off, U
epoxy resin 6.3 0.013 0.066 kg Epoxy resin, liquid {RER}| market for epoxy resin, liquid |
Cut-off, U
polyethylene (PE) 15 0.003 0.015 kg Polyethylene, high density, granulate {GLO}| market for
polyethylene, high density, granulate | Cut-off, U
aluminium 55 0.011 0.058 kg Aluminium alloy, metal matrix composite {GLO}| market
for aluminium alloy, metal matrix composite | Cut-off, U
ferrites 5.4 0.011 0.056 kg Ferrite {GLO}| market for ferrite | Cut-off, U
copper 5.1 0.01 0.053 kg Copper-rich materials {GLO}| market for copper-rich
materials | Cut-off, U
tin 2.8 0.006 0.029 kg Tin {GLO}| market for tin | Cut-off, U
glass fibre 8.7 0.018 0.091 kg Glass fibre {GLO}| market for glass fibre | Cut-off, U
cardboard 8.4 0.017 0.088 kg Carton board box production, with gravure printing {GLO}|
market for carton board box production, with gravure
printing | Cut-off, U
General elctronics 4.7 0.009 0.049 kg Electronics, for control units {GLO}| market for electronics,
for control units | Cut-off, U
triphenyl phosphate 3.8 0.008 0.04 kg Triphenyl phosphate {GLO}| market for triphenyl phosphate
| Cut-off, U
paper 3.2 0.006 0.033 kg Printed paper {GLO}| market for printed paper | Cut-off, U
electrolyte 2.8 0.006 0.029 kg Electrolyte, copper-rich {GLO}| market for electrolyte,
copper-rich | Cut-off, U
Electricity - 0.35 kWh | Electricity, medium voltage {GLO}| market group for
electricity, medium voltage | Cut-off, U
SmartX Controller 100 0.148 0.148 kg
Terminal Base TB-10-
W1
polycarbonate (PC) 29.8 0.044 0.044 kg Polycarbonate {GLO}| market for polycarbonate | Cut-off,
U
polyamide resin 6 (PA6) 11.6 0.017 0.017 kg Glass fibre reinforced plastic, polyamide, injection moulded
{GLO}| market for glass fibre reinforced plastic, polyamide,
injection moulded | Cut-off, U
acrylonitrile butadiene 85 0.012 0.012 kg Acrylonitrile-butadiene-styrene copolymer {GLO}| market
styrene (ABS) for acrylonitrile-butadiene-styrene copolymer | Cut-off, U
polyester resin 16 0.002 0.002 kg Polyester resin, unsaturated {RER}| market for polyester
resin, unsaturated | Cut-off, U
epoxy resin 13 0.002 0.002 kg Epoxy resin, liquid {RER}| epoxy resin production, liquid |
Cut-off, U
copper 11.8 0.017 0.017 kg Copper-rich materials {GLO}| copper, anode to generic
market for copper-rich materials | Cut-off, U
steel 5 0.007 0.007 kg Steel, low-alloyed {GLO}| market for steel, low-alloyed |
Cut-off, U
zinc 2.8 0.004 0.004 kg Zinc {GLO}| market for zinc | Cut-off, U
brass 2.8 0.004 0.004 kg Brass {RoW?}| market for brass | Cut-off, U
tin 0.7 0.001 0.001 kg Tin {GLO}| market for tin | Cut-off, U
lead (under RoHS 0.3 4E-4 4E-4 kg Lead {GLO}| market for lead | Cut-off, U
exemption)
cardboard 13.4 0.02 0.02 kg Carton board box production, with gravure printing {GLO}|
market for carton board box production, with gravure
printing | Cut-off, U
triphenyl phosphate 43 0.006 0.006 kg Triphenyl phosphate {GLO}| market for triphenyl phosphate
| Cut-off, U
paper 35 0.005 0.005 kg Printed paper {GLO}| market for printed paper | Cut-off, U
glass fibre 1.9 0.003 0.003 kg Glass fibre {GLO}| market for glass fibre | Cut-
off, U
General elctronics 0.7 0.001 0.001 kg Electronics, for control units {GLO}| market for electronics,
for control units | Cut-off, U
Electricity - 0.22 Electricity, medium voltage {GLO}| market group for
electricity, medium voltage | Cut-off, U
AO-V-8-H (RP1) 0.235 0.47 kg
SmartController 0.235 0.235 kg
DO _FA 12 H (RP1)
SmartXcontroller Ul- 0.235 1.175 kg
16 (RP1)
SmartXcontroll er PS- 100 0.211 0.211 kg

24V




Inputs from Material Amount Amountin | Unit Ecoinvent process
Technosphere: Percentage | per piece/ KTH live-
materials/fuels meter in lab case
polycarbonate (PC) 31.6 0.066 0.066 kg Polycarbonate {GLO}| market for polycarbonate | Cut-off,
U
acrylonitrile butadiene 7.6 0.016 0.016 kg Acrylonitrile-butadiene-styrene copolymer {GLO}| market
styrene (ABS) for acrylonitrile-butadiene-styrene copolymer | Cut-off, U
epoxy resin 6.3 0.013 0.013 kg Epoxy resin, liquid {RER}| epoxy resin production, liquid |
Cut-off, U
polyethylene (PE) 15 0.003 0.003 kg Polyethylene, high density, granulate {GLO}| market for
polyethylene, high density, granulate | Cut-off, U
phenolic resin 14 0.003 0.003 kg Phenolic resin {GLO}| market for | Cut-off, U
polyethylene 11 0.002 0.002 kg Polyethylene terephthalate, granulate, amorphous {GLO}|
terephthalate (PET) market for polyethylene terephthalate, granulate, amorphous
| Cut-off, U
aluminium 55 0.011 0.011 kg Aluminium alloy, metal matrix composite {GLO}| market
for aluminium alloy, metal matrix composite | Cut-off, U
ferrites 54 0.011 0.011 kg Ferrite {GLO}| market for ferrite | Cut-off, U
copper 5.1 0.01 0.01 kg Copper-rich materials {GLO}| market for copper-rich
materials | Cut-off, U
tin 2.8 0.006 0.006 kg Tin {GLO}| market for tin | Cut-off, U
glass fibre 8.7 0.018 0.018 kg Glass fibre {GLO}| market for glass fibre | Cut-off, U
cardboard 8.4 0.017 0.018 kg Carton board box production, with gravure printing {GLO}|
market for carton board box production, with gravure
printing | Cut-off, U
various 4.7 0.01 0.01 kg Electronics, for control units {GLO}| market for electronics,
for control units | Cut-off, U
triphenyl phosphate 3.8 0.008 0.008 kg Triphenyl phosphate {GLO}| market for triphenyl phosphate
| Cut-off, U
paper 3.2 0.007 0.007 kg Printed paper {GLO}| market for printed paper | Cut-off, U
electrolyte 2.8 0.006 0.006 kg Electrolyte, copper-rich {GLO}| market for electrolyte,
copper-rich | Cut-off, U
Electricity - 0.35 0.35 kWh | Electricity, medium voltage {GLO}| market group for
electricity, medium voltage | Cut-off, U
RP 2: SpaceLogic AS-P 100 0.276 0.276 kg
Controller
PC Polycarbonate 32.2 0.088 0.088 kg Polycarbonate {GLO}| market for polycarbonate | Cut-off,
U
PE Polyethylene 0.7 0.001 0.001 kg Polyethylene, high density, granulate {GLO}| market for
polyethylene, high density, granulate | Cut-off, U
PET Polyethilene 0.3 8E-4 8E-4 kg Polyethylene terephthalate, granulate, amorphous {GLO}|
Terephtalate market for polyethylene terephthalate, granulate, amorphous
| Cut-off, U
Aluminium 8.4 0.023 0.023 kg Aluminium alloy, metal matrix composite {GLO}| market
for aluminium alloy, metal matrix composite | Cut-off, U
Electronic components 46.4 0.128 0.128 kg Electronics, for control units {GLO}| market for electronics,
for control units | Cut-off, U
Cardboard 9.4 0.025 0.025 kg Carton board box production, with gravure printing {GLO}|
market for carton board box production, with gravure
printing | Cut-off, U
Paper 2.6 0.007 0.007 kg Printed paper {GLO}| market for printed paper | Cut-off, U
Electricity - 0.35 0.35 kWh | Electricity, medium voltage {GLO}| market group for
electricity, medium voltage | Cut-off, U
Wireless M-Bus 0.19 0.19 kg
receiver Elvaco
CMeX50 (RP2)
M-Bus Metering 0.22 0.22 kg
Gateway Elvaco
CMe3100 (RP2)
Cabinet (box) 150 150 kg
Galvanized steel 150 kg Steel hot dip galvanized (ILCD), blast furnace route,
production mix, at plant, 1kg, typical thickness between 0.3
- 3 mm. typical width between 600 - 2100 mm. GLO S

TABLE III.

PROCESSES DURING USE AND DISPOSAL PHASES




Processes Amount Amount in Unit Comment
per unit KTH live-
in lab case
Data transfer 3.75E-3 kWh/GB
Electricity 39 kWh Electricity, low voltage {SE}| market for electricity, low voltage |
Cut-off, U
Cloud/Internet 0.017 Wh/GB/
month
Electricity 18.2 kWh Electricity, medium voltage {IE}| market for electricity, medium
voltage | Cut-off, U
Use phase electricity use 7360 kWh Electricity, low voltage {SE}| market for electricity, low voltage |
Cut-off, U
Waste treatment of 53.1 kg Disposal, industrial devices, to WEEE treatment/CH U
electronics
Waste treatment of wires 57.6 kg Disposal, treatment of cables/GLO U
Waste treatment of steel 150 kg Scrap steel {Europe without Switzerland}| market for scrap steel |

APOS, U




