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Abstract: Television sets have become an integral part of human daily life all over the world. 
From the cognitive point of view, the assessment and comparison of various TV models in terms 
of the impact of their life cycle on the environment is thought-provoking. The aim of the study was 
to assess the life cycle (LCA) of selected TV sets: CRT (cathode-ray tube) and plasma (PDP – Plasma 
Display Panel) applying the ReCiPe and CML methods with the use of the SimaPro 8.1 software. 
As part of the realization of the main objective of the study, the system limitations were determined, 
the masses of individual elements and sub-assemblies of each TV set were identified, 
and the characteristics of materials from which they had been made were specified. One TV set 
of an average weight of 15 kg constituted the functional unit. Research results indicate that replacing 
cathode-ray tube TVs with newer, more economical plasma TVs was beneficial to the environment, 
as cathode-ray tube TVs had emitted far more harmful substances into the environment, primarily 
at the production (consumption of natural resources) and End of Life phase. 
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INTRODUCTION 
The history of television sets began in the nineteenth century, when Paul Nipkov constructed 

a rotary disc with spirally arranged holes. This mechanism became the cornerstone for continuing 
research on the development of television. In the 20th century, the cathode-ray tube (CRT) created 
by Karl Ferdinand Braun and the teletroscope invented by Jan Szczepaniak enabled the generation 
of sound and image. All these solutions contributed to the construction of the television in the form 
known today. The 21st century is the time of change in video and audio transmission technology: 
from analog to digital. These changes affect the construction and assemblies of receivers (Kwiecien 
2019). They have become a multimedia center integrated in one set. Television set is one of the most 
popular pieces of electrical and electronic equipment in our society (Song et al. 2012). 

The prevalent share among European buyers of new television sets in Europe falls on the most 
populated countries, i.e. Germany, France, Italy and Great Britain, but the television sets manufactured 
in China accounted for more than 50% of the world production in 2010, and there are 136 TV sets per 
100 urban households in 2009 in China (Song et al. 2012). The increase in the number of TV sets 
introduced to the market is associated with an increased demand for electricity and the consumption 
of raw materials for the production of radio and television equipment. The TV sets use consumes 
significant amount of electricity. In addition, waste from TV sets and their management can potentially 
have a serious impact on human health and the destruction of ecosystems. Numerous components 
of television sets contain hazardous materials such as brominated flame retardants, tin and lead, 
polychlorinated biphenyl in the transformer and mercury in switches (Qu et al. 2007, Deng et al. 2007). 

The LCA (life cycle assessment) analysis is a technique that makes it possible to determine 
the mass of elements and raw materials (materials, fuels and energy) introduced into the ecosystem 
which were utilized for the production, use and processing of final generated waste – due to which 
designers of specific products can more easily upgrade their offer while limiting their harmfulness 
to people and the environment and enable their recycling (Grzesik and Malinowski 2017, LG 1997, 
Montejo et al. 2013). The LCA methodology is a standardized method of identifying and assessing 
the environmental impact of e.g. electronic products and is considered one of the most effective 
management tools (Wäger et al. 2011, Saner et al. 2012). Currently, most studies apply the LCA 
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methodology to assess the impact of PC products (Duan et al. 2009, Choi et al. 2006), or to other 
information and communication technologies such as mobile networks (Scharnhorst et al. 2006). 
However, very little research has been done into the environmental impact of television sets (Hischier 
and Baudin 2010, Song et al. 2012). 

The purpose of the study was to conduct a comparative assessment of the life cycle of used TV 
sets differing primarily in their display. Television sets with various display structures, i.e. cathode-ray 
tubes (CRT) and plasma (PDP-Plasma Display Panel) were utilized for the research. The models 
selected for the analysis were the most common models on the television market in Poland. These 
models were selected for analysis because their production was banned. Life cycle analysis for the latest 
generation television sets (LCD) will be part of another publication, the results will be related to those 
presented below. 

MATERIAL AND METHODS  
This study took into account the complete life cycle of the CRT and PDP TV-sets monitor, ranging 

from manufacture (including all steps from material extraction up to final assembly of the device), 
through distribution (from the production site to the use site) and functional life span, up to and including 
end-of-life (EoL) treatment (recycling and disposal – incineration and landfilling). Analysed TV sets 
had a different weight. Authors decided, that 15kg will constitute the functional unit. The adoption  
of functional units is one of the basic elements of LCA. 

The average lifespan of CRT TVs was: 20 years, whereas a plasma TVs: 6 years (established 
based on results of own questionaire research). According to the report by the National Broadcasting 
Council, the average Pole spends 6 hours a day watching television programs. By comparison, Yang  
et al. (2008) reports that the average Chinese resident spends 3-4 hours a day watching TV,  
and the average lifetime of the device is 10 years. 

Considering the diagonal and the power of TV sets, the average power consumption of all TV 
sets was calculated and it was respectively: 70 W (CRT) and 150 W (PDP). They differed in production 
year (cathode-ray tubes were produced in the 1980s whereas PDPs at the beginning of the 21st century). 

Each of the acquired TV sets was dismantled into pieces (Table 1), which were then subjected  
to detailed identification and then weighed. The next stage included entering data into the SimaPro 8.1 
software, after which an analysis of the obtained results was carried out. The scope of the LCA analysis 
of TV sets was determined by the system limitations, which included: extraction of raw materials, 
production of parts, assembly of the model, transport of the device and distribution throughout  
the country as well as the use of the TV (energy consumption for watching television programs).  
The final stage of the analysis was the environmental impact assessment of the End of life (EoL) phase, 
including a scenario for the division of individual elements from which TV sets had been made in terms 
of their transfer to material recycling, landfilling and incineration. 

Table 1 presents information on the material composition of these television sets  
and the assumptions of environmental assessment at individual stages of the life cycle. 

Two popular environmental assessment methods were used in the LCA analysis: ReCiPe  
and CML, because both of these methods offer different possibilities of interpreting the results.  
In the ReCiPe method, the impact of a given object is assessed for three groups of so-called damage 
category (Kaminska and Skarbek-Zabkin 2015): Human Health, Ecosystem Quality and Depletion  
of Resources. Each of the damage categories has its quantitative indicators. The impact on human health 
is determined using the DALY (Disability Adjusted Life Years) unit that is the years affected  
by disability. The minimum value may equal 0 (no health effect) and the maximum value may amount 
to 10, which means death. The number of species disappearing in a given area during the year  
is a damage measure to the ecosystem. The impact on the consumption of natural resources is determined 
by the increase in costs associated with the extraction of these resources, expressed in dollars (Kaminska 
and Skarbek-Zabkin 2015). The final result (after weighing) is given in an aggregated PE unit,  
which allows comparing different life cycles of both products and processes. The ReCiPe method  
also allows comparing individual stages of the life cycle with each other. 
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Table 1 Elements of life cycle assessment of selected TV models 

Life cycle 
stage Data source 

Materials and assumptions 
for CRT 

Materials and assumptions 
for plasma 

Manufacturing 

Extraction of 
resources 

Processing of 
materials and 
final assembly 

Production of 
electronic 
components 

Final assembly 

Ecoinvent 
data v3.0. 
(Global) 

and 

own study) 

Housing 

Acrylonitrile-
butadiene-styrene 
copolymer (ABS), 

Steel low-alloyed 

Housing 

ABS, 

Steel low-alloyed, 

Polyurethane, 
flexible foam 

(PUR) 

Screen 

Polypropylene (PP) 
Copper, Glass, 

Electronics 
Polycarbonate (PC) 
Polyvinylchloride 
(PVC), Steel low-

alloyed 

Screen 

PP, Cardboard, 
PDP, Steel low-

alloyed, PC, 
Polymethyl 

methacrylate 
(PMMA), 

Polychlorinated 
biphenyls (PCB), 
Polystyrene (PS), 

Diode 

Speakers 

Synthetic rubber, 
Copper, 

Steel unalloyed, 
Magnesium, PVC 

Stand 
Steel low-alloyed, 
Synthetic rubber, 

ABS 

Printed 
circuit 
board 

Capacitors 
Steel low-alloyed 
PC, Copper, Tin, 
 PCB, Resistors, 
Electronics, PVC 

Speakers 

Synthetic rubber, 
Copper, 

Steel unalloyed, 
Magnesium, PVC 

Printed 
circuit 
board 

Capacitors, 
Steel low-alloyed, 
PC, Copper, Tin 

Cable Copper, PVC 

Distribution 
Transportation 
between 
different steps 
Distances i 
Poland 

Ecoinvent 
data v3.0 

(Global and 
Poland) 

Standard distances and means used 

Use 
Consumption 
pattern 
Electricity 
consumption 
Electricity 
mixes 

Ecoinvent 
data v3.0  
(Poland) 

100% Home use 

6h / day (CRT – 20 years; PDP – 6 years) 

93% Coal electricity, 7% Renewable Energy Sources 

End of Life 
(EoL) 
Treatment 
process 

Ecoinvent 
data v3.0 
(Global) 

All metals were transferred to the recycle material, plastics  
to incineration plant, and the remaining element to landfilling 
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For the sensitivity analysis of the overall results, the so-called CML method was applied.  
This Dutch method is an example of the so-called ‘‘problem-oriented’’ or ‘‘mid-point’’ approach.  
It is based on the publication of Guinee et al. (2001). Different impact assessment categories are grouped 
into three major types – obligatory impact categories (i.e. all those category indicators used in most LCA 
studies), additional impact categories (i.e. categories that have operational indicators, but are not often 
included in the LCA studies) and other impact categories (i.e. no operational indicators available; Song 
et al. 2012).  

The analyzes were carried out in SimaPRO 8.1 software based on data obtained  
from measurements and the Ecoinvent 3.0 database. The environmental impact has been developed 
using mathematical models for specific impact categories. This methodology has been thoroughly 
described, among others, by: Saner et al. (2012) and Kwiecien (2019). 

RESULTS AND DISCUSSION  
The lifecycle of the CRT TV calculated by the ReCiPe method in SimaPro 8.1 software showed 

that its production (775 Pt) had a much greater impact on the environment than the production  
of a plasma TV (55 Pt). The significant difference was influenced by the cathode-ray tube screen  
and the multitude of electronics used in the CRT TV set. The process of transporting both televisions 
had a negligible impact on the condition of the environment. Comparing both receivers, it can be noticed 
that the amount of electricity they consumed is similar (CRT-350 Pt, PDP-370 Pt), despite  
such a significant difference in the years of use of the TV sets (Figure 1 and Figure 2). Taking into 
account the processes of storage and combustion, it can be concluded that the plasma TV has less impact 
on our natural ecosystem. Negative values appearing in Figures 1 and 2 indicate a positive impact  
on the environment and most often this situation relates to the process of material recycling of elements 
(separated from these devices) such as copper and iron. The analysis of the results obtained on the basis 
of the ReCiPe method shows that a CRT television had a greater negative impact on the environment. 
This is mainly due to the fact that the largest part of the TV mass was glass containing hazardous 
elements e.g. lead and strontium. The obtained analysis results for CRT type receivers are significantly 
higher than in the case of analyzes conducted by Song et al. (2012). 
 

Figure 1 Results of the LCA analysis 
using the ReCiPe method  
for the cathode-ray tube TV 

All the results presented below were calculated in SimaPro 8.1. Considering the first of the CML 
analysis categories, which is the depletion of abiotic resources, it can be stated that a greater share  
in the antimony emission concerned the cathode-ray tube TV (production stage) – approx. 2 kg Sb,  
and the process of subsequent combustion of a part of the cathode-ray tube: approx. 1.2 kg Sb.  
The subsequent element in the CML analysis is the carbon dioxide emission, directly linked to global 
warming. In this case, also the cathode-ray tube TV had the highest emission: over 3500 kg of CO2 
during production and about 2000 kg of CO2 during its combustion process. Additional CO2 emission 
to the atmosphere also resulted from the process of electricity consumption (cathode-ray tube approx. 
3500 kg; plasma approx. 3700 kg). The third category is the depletion of the ozone layer, which resulted 
from the emission of CFCs. The emission of this compound referred mainly to the cathode-ray tube TV 
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(0.00024 kg CFC-11) and its subsequent combustion process (0.00014 kg CFC-11). 1,4-DB eq (1,4-
Dichlorobenzene), is a unit for determining the toxicity of many factors, the first of which is toxicity 
to humans, which is over 1,200 kg 1,4-DB emitted by the cathode-ray tube television and 700 kg 
by its subsequent combustion. The emission by electricity consumption was similar in both TV sets 
and was about 550 kg. In the category of toxicity to marine and ocean waters, the cathode-ray tube TV 
and energy consumed when using a plasma TV had again the largest share, emission from the use 
of the cathode-ray tube TV and the subsequent combustion of parts from the plasma TV were only 
marginally lower. As far as the soil ecotoxicity is concerned, the cathode-ray tube TV had the largest 
share in 1.4-DB eq emission - approx. 40 kg, followed by its combustion: approx. 20 kg. The processes 
of using both television sets had a similar share in pollution which were around 15 kg. The last category 
expressed in kg 1,4-DB eq is ecotoxicity for fresh waters, where the highest emission was obtained 
for the cathode-ray tube TV - approx. 145 kg, its subsequent combustion over 80 kg and storage over 
40 kg. The eutrophication of water is primarily influenced by sulfur dioxide, the largest emission 
of which also came from the cathode-ray tube TV (approx. 28 kg), then from the electricity consumption 
of the plasma TV (approx. 25 kg) and the cathode-ray tube TV (approx. 22 kg). However, the subsequent 
combustion of the CRT parts emitted about 16 kg of SO2 into the environment. The effect 
on the formation of photochemical oxidants by the cathode-ray tube television emitted about 1.18 kg 
of C2H4. The energy consumed by the plasma and cathode-ray tube TV emitted about 0.9 kg of C2H4, 
and the subsequent combustion of the cathode-ray tube TV 0.65 kg of C2H4. The last category 
in the CML method is eutrophication expressed in kg of PO4 emission. It can be noted that the largest 
negative impact in this case had again the cathode-ray tube (25 kg PO4), its combustion (14 kg PO4) 
and storage (7 kg PO4). 

Figure 2 Results of the LCA analysis 
using the ReCiPe method  
for the plasma TV 

Comparing the results of the aforementioned analysis with the research of the Chinese CRT 
television sets (Song et al., 2012), where the greatest environmental impact also occurred at the stage 
of production and use, it can be stated that the replacement of CRT television sets with the flat ones 
and the ban on their sale was justified. Thanks to this, several times less carbon dioxide, sulfur dioxide, 
ethene and phosphates are emitted into the environment. 

CONCLUSION 
The cathode-ray tube television had a much greater negative impact on the environment (twice 

as high) than a plasma TV set. The impact on such a situation has a much higher impact 
on the environment in the case of extraction of raw materials, their processing and assembly into a whole 
CRT TV. The energy consumption and use of the television in different periods of their lives have given 
a similar negative impact on the environment in both cases. In both cases, a positive impact of emission 
is noticeable due to the recycling of metal parts from the components of the analyzed TV sets. It should 
be noted that in both methods and both televisions, the environmental impact of transport was negligible 
and close to zero. 
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