
SP Swedish National Testing and Research Institute
Box 857
SE-501 15 BORÅS, SWEDEN
Telephone: + 46 33 16 50 00, Telefax: +46 33 13 55 02
E-mail: info.sp.se, Internet: www.sp.se

SP
 S

w
ed

is
h

 N
at

io
n

al
 T

es
ti

n
g

 a
n

d
 R

es
ea

rc
h

 In
st

it
u

te

Petra Andersson, Margaret Simonson, Lars Rosell, 
Per Blomqvist SP, Håkan Stripple IVL

Fire-LCA Model: Furniture Study

SP Fire Technology
SP REPORT 2003:22

SP Fire Technology
SP REPORT 2003:22
ISBN 91-7848-958-X
ISSN 0284-5172

SP Swedish National Testing and Research Institute develops and transfers 

technology for improving competitiveness and quality in industry, and for safety, 

conservation of resources and good environment in society as a whole. With 

Swedens widest and most sophisticated range of equipment and expertise for 

technical investigation, measurement, testing and certfi cation, we perform 

research and development in close liaison with universities, institutes of technology 

and international partners.

SP is a EU-notifi ed body and accredited test laboratory. Our headquarters are in 

Borås, in the west part of Sweden.



Petra Andersson, Margaret Simonson, Lars Rosell, 
Per Blomqvist SP, Håkan Stripple IVL

Fire-LCA Model: Furniture Study



2 
 
 
 
 

Abstract 
 
The Fire-LCA model has been applied to furniture in order to compare a non-flame retar-
dant (non-FR) treated Sofa with a flame retardant (FR) treated Sofa. Three different sofas 
were used: a commercially available model of sofa as sold in mainland Europe, that is 
without FR treatment, the same sofa model with 2 different FR treatments which would 
ensure conformity with the UK Fire – Furniture Regulations, using firstly a TCPP/ 
Melamine treated foam and a phosphorus-based FR treated decorative cover, and 
secondly a TCPP/Melamine foam and decorative cover back-coated with a brominated 
FR formulation. All materials in the sofas were identical except for the foam and 
covering.  
 
Full scale sofa and room experiments were conducted to measure the emissions from the 
fires in order to provide input to the Fire-LCA model. The fire model is based on statistics 
from the UK and Sweden. The energy consumption and a large number of species 
emissions over the full life cycle are presented. These species include CO2, CO, NOx, 
HCN, PAH, HCl, TCDD and TBDD equivalents, Sb, PBDEs, HC and VOC, HBr and P. 
For the end of life scenarios it was assumed that 30 % of the sofas go to incineration, 
which should reflect the present, or near future situation. Some of the sofas are involved 
in fires according to the fire statistics. The remaining sofas are assumed to be landfilled. 
 
The results corroborate previous studies conducted using the Fire-LCA model, i.e., they 
show that the true environmental impact of any method to obtain a high level of fire 
safety (either through additives, material choice or design) can only be obtained by 
including the benefit (in terms of fewer and smaller fires) of the method into an LCA of 
the product. In the case of certain key species (e.g. PAH, dioxins) fire emissions are a 
significant part of the total environmental impact.  
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Executive summary 
 
In 1988 the UK Government, concerned at the number of deaths resulting from fires in 
polyurethane foam filled upholstered furniture, introduced the Furniture and Furnishing 
(Fire) (Safety) Regulations 1988. In June 2000 the Consumer Safety Unit of the UK 
Department of Trade and Industry reviewed the effectiveness of the Regulations and 
concluded that in the 10 years since their introduction they had saved between 710 and 
1860 lives and prevented at least 5770 injuries. The objective of this project was therefore 
to assess whether the introduction of these Regulations had an adverse impact on the 
environment through the widespread use of furniture containing flame retardants. To this 
end a novel holistic approach based on a Life-Cycle Assessment (LCA) model containing 
a statistically based fire model, the Fire-LCA methodology, was used. 
 
The statistical fire model contains information concerning the frequency and size of fires 
in the functional unit as defined in the LCA model. This allows a realistic assessment of 
the true environmental impact of steps taken to attain a high level of fire safety in a 
product. In the Fire-LCA methodology the environmental “cost” of improving the fire 
performance of a product is weighed against the environmental “benefit” of this im-
provement in the form of fewer and smaller fires. 
 
The Fire-LCA model has been applied to furniture in order to compare a non-flame retar-
dant (non-FR) treated sofa with a flame retardant (FR) treated sofa. Three different sofas 
were consequently used:  
 

• a commercially available model of sofa as sold in mainland Europe, that is 
without FR treatment;  

• the same sofa model  with a TCPP/Melamine treated foam and phosphorus-based 
FR treated decorative cover to ensure conformity with the UK Fire – Furniture 
Regulations; 

• the same sofa model with TCPP/Melamine foam and a decorative cover back-
coated with a brominated FR formulation to ensure conformity with the UK Fire 
– Furniture Regulations.  

 
All materials in the sofas were identical except for the foam and covering. The foam in 
the two “UK” model sofas was, however, identical. The covering of the European sofa 
was cigarette but not match resistant while the UK covering was cigarette and match 
resistanti. The foam in the UK Sofas could not be ignited by a crib 5ii. Thus, the two FR 
treated sofas complied with post-1988 UK requirements while the non-FR treated sofa 
complied with mainland European requirements (which are in agreement with pre-1988 
UK requirements).  
 
Three different fire models have been used in the comparisons between the FR treated 
and non-FR treated sofas. The fire models are based on statistics from Sweden and the 
UK. The first two fire models were defined from the statistics assuming that the changes 
in the UK statistics since the introduction of more stringent fire performance require-
ments in the UK in 1988 was due to the introduction of flame retardant materials and that 
the sofas had: a) a life time of 10 years, or b) a life time of 15 years. The third fire model 
was defined by assuming that the observed trend in the UK towards fires not spreading 
beyond the first item ignited  is due to  influences other than the improved fire 
performance of furniture (eg. increased use of smoke detectors) and a 10 year life time. 
                                                      
i BS 5852 Part 1:1979 
ii BS 5852 Part 2:1982, crib 5 consists of 18 small wooden sticks glued together, the total mass is 
17 g.  
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Changing the fire model had little influence on the various results thus demonstrating the 
robustness of the fire-LCA model. 
 
Full scale sofa and room experiments were conducted to measure the emissions from the 
fires in order to provide input to the Fire-LCA model. The non-FR Sofa was ignited using 
a utility lighter for 20 seconds while a gas burner of 30 kW was necessary to ensure con-
sumption of the FR sofas. 
 
The energy consumption and a large number of species emissions over the full life-cycle 
have been presented . These species include CO2, CO, NOx, HCN, PAH, HCl, TCDD and 
TBDD equivalents, Sb, PBDEs, HC and VOC, HBr and P. 
 
The end of life scenario used assumed that 30 % of the sofas go to incineration which 
should reflect the present or near future situation, a small percentage of the sofas are 
involved in fires, the exact amount depending on the statistical fire model as defined 
above, and the remaining sofas are disposed of in landfills. 
 
The major part of the NOx, CO and CO2 emissions was due to the furniture production 
stage, while the fires were responsible for the main part of the HCN, PAH and TCDD and 
TBDD equivalent emissions. 
 
The energy consumption and CO2 emissions were slightly greater for the FR treated cases 
because of the energy use in the FR production. The CO emissions were slightly lower 
for the FR treated cases due to the fact that non-FR sofas are involved in a greater number 
of fires. The NOx emissions were slightly higher for the FR treated cases due to the larger 
production of NOx in incineration and the NOx emission in the FR production (related to 
energy consumption). The non-FR treated case gave higher HCN and PAH emissions due 
to the larger number of fires that these sofas are involved in, while the HCl emissions 
were higher for the FR treated case. The TCDD and TBDD equivalent emissions to air 
were higher for the FR treated cases. Most of the TCDD equivalent emissions is due to 
the incineration for the P-FR case while the emissions from the fires contribute more for 
the Br-FR case. Incineration causes some TBDD-equivalent emissions in the Br-FR case, 
the major emissions originate, however, from the fires. 
 
Comparing the relative cancer risk due to chlorinated dioxins and furans and PAH shows 
that the PAH emissions poses a greater cancer risk than the chlorinated dioxin and furan 
emissions for the three different sofas. Further, the relative cancer risk due to PAH and 
chlorinated dioxin and furan emissions for the non-FR treated sofa is higher than for the 
FR treated sofas. 
 
The results show that, for a product often involved in a fire, an accurate estimate of the 
environmental impact of incorporating high fire performance materials cannot be made 
without factoring in the emissions associated with a fire. In the case of certain key species 
(e.g. PAH, dioxins) fire emissions are a significant part of the total environmental impact.  
 
Finally, when considering the risk associated with the use of flame retardants it is impor-
tant to also consider the risk associate with fires in terms of death and injury. The DTI 
investigation of the effect of the 1988 furniture legislation indicates that the number of 
lives saved in UK since the introduction of the stricter Fire Regulations was between 970 
and 1860 in 1997. They estimate that the number of lives saved annually will be between 
10-15 per million people when all furniture has been replaced with FR treated furniture. 
Thus, not only are there environmental benefits related to the emissions of PAH and 
certain other emissions (e.g. HCN and CO) through adoption of a high level of fire safety, 
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the issue of lives saves clearly underlines the benefit of reduction of the size, frequency 
and severity of furniture fires.  

 



8 
 
 
 
 

List of abbreviations 
 
BaP benzo(a)pyrene 
Br-FR (Sofa treated with a) brominated flame retardant 
BRMA British Rubber Manufacturers' Association 
deca-BDE decabromodiphenylether 
DTI Department of Trade and Industry, UK 
DTLR Department for Transport, Local Government and the Regions 
EFRA The European Flame Retardants Association 
Fire-LCA LCA model modified to include fires 
FR flame retardant 
FTIR Fourier transformation infrared spectrometry 
HC Hydrocarbons 
HRR Heat Release Rate 
ISO International Standardisation Organisation 
I-TEQ International toxicity equivalents 
LCA Life-Cycle Assessment 
LCI Life-Cycle Inventory 
N a Not applicable 
n d Not detected 
Nm Not measured 
Non-FR (Sofa) not flame retarded 
PAH polycyclic aromatic hydrocarbons 
PBDE Polybrominated diphenyl ether 
PBDD/F Polybrominated dibenzodioxins and furans 
PCDD/F Polychlorinated dibenzodioxins and furans 
P-FR (Sofa treated with a ) phosphorus flame retardant 
ppm parts per million 
PU Polyurethane 
SETAC Society of Environmental Toxicology and Chemistry 
TBDD 2,3,7,8-tetrabromodibenzo-p-dioxin, in text refers to TBDD-equivalents 

unless otherwise stated 
TCDD 2,3,7,8-tetrachlorodibenzo-p-dioxin, in text refers to TCDD-equivalents 

unless otherwise stated 
TCPP Tris-(2-chloro-1-methylethyl)phosphate 
TOC total organic carbon 

VOC volatile organic compounds 
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Sammanfattning  
 
En jämförelse av miljöpåverkan från en icke flamskyddad och flamskyddad soffa har 
gjorts genom att använda Fire-LCA modellen. Tre olika soffor användes; en soffa 
kommersiellt tillgänglig i Europa dvs. utan flamskyddsbehandling samt två stycken soffor 
av samma modell med två olika flamskyddsbehandlingar för att uppfylla Storbritanniens 
brandskyddskrav. De två flamskyddade sofforna hade båda ett skum behandlat med 
TCPP/Melamine samt en klädsel behandlad med ett fosforbaserat flamskyddsmedel 
respektive en klädsel baksidesbehandlad med ett brombaserat flamskyddsmedel. Alla 
material i sofforna var identiska förutom skummet och klädseln. 
 
Emissioner från bränder mättes vid fullskaliga soff- och rumsförsök, dessa emissioner 
användes sedan som indata i Fire-LCA modellen. Brandmodellen i Fire-LCA modellen  
baseras på statistik från Storbritannien och Sverige. I analysen antogs att 30 % av 
sofforna slutar i en avfallsförbränningsanläggning, detta motsvarar nuvarande situation 
eller en nära framtid, några av sofforna brinner upp enligt brandstatistiken samt resten 
hamnar på soptipp. Energianvändning och emission av CO2, CO, NOx, HCN, PAH, HCl, 
TCDD och TBDD ekvivalenter, Sb, HBr, P, PBDEs HC och VOC över soffornas 
livscykel presenteras.  
 
Resultaten visar att emissionerna från bränder utgör en stor del av emissionerna för vissa 
ämnen såsom PAH. Detta bekräftar resultaten från tidigare applikationer av Fire-LCA 
modellen nämligen att miljöpåverkan från brandskyddande åtgärder genom materialval, 
design eller flamskyddstillsatser endast kan värderas genom att man även inkluderar 
dessa åtgärders positiva effekter i form av färre och mindre bränder i utvärderingen. 
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1 Introduction  
 
As environmental awareness rises, a great deal of effort is invested in ecologically sound 
products. Indeed, environmental considerations are often taken into account immediately, 
at the product design stage. Recent developments, including an increasing public resis-
tance to chemical flame retardants, have prompted a number of companies to steer away 
from the use of certain chemical additives when trying to achieve acceptable fire 
behaviour. Similarly, this public activity has prompted governments to investigate 
national and global environmental effects of flame retardants to establish how well their 
benefits outweigh their consequences. 
 
In order to make wise decisions concerning precautions taken against the event of a fire, 
it is necessary to have a broad basis for determining the environmental impact of all the 
alternatives. The emissions in the event of a fire need to be taken into account both in the 
case of a flame retarded and unretarded material. In this context one should take into 
account the fact that a lesser volume of the flame retarded material would be expected to 
burn each year than that of the unretarded material. Similarly, the ignition of unretarded 
material will more readily give rise to large fires than the ignition of retarded material as 
the burning behaviour of the unretarded material will develop and progress more rapidly. 
Just as the emissions associated with the production of the flame retardant and its intro-
duction into the treated material should be included into a balanced assessment of the 
environmental impact of a high level of fire safety, so should the benefits associated with 
this use by way of the reduced number and size of fires associated with these products. 
 
Assuming that a certain number of fire accidents is unavoidable in any dynamic society 
we are forced to take fires into consideration in any balanced environmental perspective. 
Wholesale declarations, that modern society is not willing to accept the environmental 
consequences of the emission of specific flame retardants, are generally based on an 
oversimplified picture of the complex processes governing emissions. Up until very 
recently, no concerted effort has been made to objectively weigh various environmental 
considerations against each other in a broader perspective rather than merely in terms of 
emissions upon combustion. 
 
A Life-Cycle Assessment (LCA) represents the best modern method to determine the 
environmental impact of a series of choices concerning the life-cycle of any given 
product, from exploitation of resources to manufacturing, through use to recycling, re-
utilisation or disposal. Only recently, has consideration of the possible impact should a 
product burn due to it not being adequately fire retarded been included explicitly in an 
LCA. 
 
The development of a Life-Cycle Assessment (LCA) model that incorporates fire consid-
erations along with the simultaneous development of testing methods which give input to 
this LCA model as a part of their standard procedure represents a powerful assessment 
tool. This combination is necessary in order to promote life-cycle assessments as a basis 
for determining product acceptability on a broad front. It is only by using this two 
pronged approach that one can ensure that informed choices are made when, for example, 
legislation is drafted. 
 
The Fire-LCA project officially started in September 1998 after completion of a 
Preparatory Study where the Fire-LCA model was defined1. After completion of this 
study a number of case studies were proposed including: 
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− TV Case Study, 
− Cables Case Study, and 
− Furniture Case Study. 

 
The first two case studies have been completed. In the first case a TV with high fire per-
formance enclosure material was compared to that with easily ignitable enclosure 
material. Full information concerning the work that has been completed within the TV 
Case Study are contained in SP Report 2000:132. The second application of the Fire-LCA 
model focussed on a comparison between two types of installation cables, assumed to 
have essentially the same fire performance. This application studied the effect of material 
choice on the environmental impact of the product when the emissions from fires are 
included in the full LCA. The results of this study are summarised in SP Report 2001:223. 
 
The aim of the present study is to continue this work, once again with a focus on the 
function of the flame retardants and a high level of fire safety in a product using the Fire-
LCA methodology. The basis for this application lies in the legislation introduced in the 
UK in 1988 due to concern at the number of deaths resulting from fires in polyurethane 
foam filled upholstered furniture. 
 
In 1988 the UK Government introduced the Furniture and Furnishing (Fire) (Safety) 
Regulations 1988. This required the cigarette and match equivalent resistance tests for a 
furniture fabric and a mass lost test for fillings. In June 2000 the Consumer Safety Unit of 
the UK Department of Trade and Industry reviewed4 the effectiveness of the Regulations 
and concluded that in the 10 years since their introduction they had saved between 710 
and 1860 lives and prevented at least 5770 injuries (these statistics have recently been 
updated5). The objective of this project was therefore to assess whether the introduction 
of these Regulations had an adverse impact on the environment through the widespread 
use of furniture containing flame retardants. 
 
The domestic upholstered furniture market is essentially a fashion market driven by 
changing styles, a wide range of possible constructions and an even wider range of 
possible fibre and fabric covers. However, since the purpose was to compare flame 
retarded with non-flame retarded furniture a single, relatively simple furniture construc-
tion was selected as the model. A typical cotton fabric was selected as the cover which 
enabled two textile flame retardant approaches to be compared to the non-flame retardant 
style typical of furniture available in mainland Europe. The two textile flame retardant 
systems selected were a durable, reactive phosphorus-based flame retardant and a bromi-
nated flame retardant/antimony trioxide combination back coating applied to the reverse 
of the fabric. These represent two key technologies available for flame retarding cotton 
fabrics. The filling material was polyurethane foam and the flame retardant foam was 
typical of the type used in UK furniture containing Melamine and TCPP flame retardants. 
 
The Fire-LCA model includes emissions associated with the production of the flame 
retardant and its introduction into the product and juxtaposes these with emissions 
associated with fires due to the product in question. In this way it is possible to obtain a 
realistic measure of the environmental impact of including the flame retardant in the 
product. Further, the effect of the flame retardant on the recyclability of the material used 
and on the emissions associated with energy recovery can, of course, be considered 
explicitly through choice of end-of-life scenarios. General information concerning the 
Fire-LCA model together with information concerning this specific application of the 
model can be found in Chapter 2. 
 
Fire statistics are central to the application of the Fire-LCA model. Fire statistics are 
compiled in most developed countries. These statistics vary in terms of details and in 
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some cases definitions of what constitutes different types of fires vary. It is extremely 
important that the statistics from different European countries and the USA are studied in 
detail to determine where they match and where and why they differ. This has been done 
in this present application and all previous applications of the model.  
 
In general one can say that fire statistics from Fire Brigades tend to contain somewhat 
larger fires with consequences outside of the ignition source. In other words the Fire 
Brigade is seldom called to a very small fire. Statistics from Insurance Companies, 
however, cover a much broader range of fires. This can be explained as a consumer 
would be apt to report a small fire to an insurance company in order to make a claim on 
their insurance policy. Comparison of these statistics provides information on the total 
number of fires and also on the distribution according the size of the fire and how much 
material actually burned.  
 
The Fire-LCA model that has been developed in this case study is based on the effect of 
the presence of a flame retardant in a sofa expressed in terms of the number and size of 
sofa fires as a function of the level of fire safety. As mentioned above, statistics from a 
variety of sources have been used to create this model and details are given in Chapter 3. 
 
A great deal of experimental data is needed for application of the model. Details con-
cerning the fire experiments conducted as a part of this project are provided in Chapter 4. 
Information is provided concerning the rationale behind the experimental design, the 
species studied and the specific LCA input. 
 
Results from the full LCA treatment are provided in Chapter 5 followed by conclusions in 
Chapter 6. The results are presented as a comparison between the non-FR treated case and 
the FR treated cases in two different kinds of diagrams in Chapter 5, one where the con-
tribution from the different modules in the LCA-model can be recognized and one where 
different types of emissions within the same family, i.e. different types of energy, differ-
ent Phosphorous emissions etc, can be recognised. Further, the likely impact on the envi-
ronment of the emission of persistent toxic environmental pollutants such as PAHs and 
PCDD/Fs is compared. 
 
Finally, a series of Appendices contain colour photos of the fire experiments, details of 
the chemical analyses and some background data for the production of the sofa. A great 
deal of input is required to the LCA model from all aspects of the furniture production, 
use, disposal and involvement in a fire. This Life-Cycle Inventory (LCI) information is 
also contained in the appendices. 
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2 LCA Model 
 
2.1 An overview 
 
Life-Cycle Assessment (LCA) is a versatile tool to investigate the environmental aspects 
of a product, a process or an activity by identifying and quantifying energy and material 
flows for the system. The use of a product or a process involves much more than just the 
production of the product or use of the process. Every single industrial activity is actually 
a complex network of activities that involves many different parts of the society. There-
fore, the need for a system perspective rather than a single object perspective has become 
vital in modern research. It is no longer enough to consider just a single step in the pro-
duction. The entire system has to be considered. The Life-Cycle Assessment method-
ology has been developed in order to handle this holistic approach. A Life-Cycle 
Assessment covers the entire life-cycle from “cradle to grave” including crude material 
extraction, manufacturing, transport and distribution, product use, service and mainte-
nance, product recycling, material recycling and final waste handling such as incineration 
or landfill. With LCA methodology, it is possible to study complex systems where inter-
actions between different parts of the system exist.  
 
LCAs are also a much better tool to evaluate the environmental impact of a chemical 
substance used in a product than purely hazard based assessments. Hazard based assess-
ments look only at the potential for environmental damage by focusing on the hazardous 
characteristics of a substance and worst case use scenarios without taking account of how 
the substance is actually used, and of possible environmental benefits or costs resulting 
indirectly from the function of the substance. 
 
The prime objectives are: 
 
• to provide as complete a picture as possible of the interactions of an activity with the 

environment; 
• to contribute to the understanding of the overall and interdependent nature of the 

environmental consequences of human activities; and,  
• to provide decision-makers with information that defines the environmental effects of 

these activities and identifies opportunities for environmental improvements. 
 
Applications for an LCA can be many and some are listed below, divided into internal 
and external use for an organisation:  
 
Internal 
Knowledge generation 
Strategic planning 
Development of prognoses 
Development of environmental strategies 
Environmental improvement of the system 
Design, development and optimisation of products or processes 
Identifying critical processes for the system 
Development of specifications, regulations or purchase routines 
Environmental audit 
Waste management 
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External 
Environmental information 
Environmental labelling 
Environmental audit of companies 
 
An LCA usually evaluates the environmental situation based on ecological effects and 
resource use. In a few cases, the work environment has also been included. An traditional 
LCA does not cover the economic or social effects. In an LCA, a model of the real system 
is designed. This model is of course a representation of the real system with various 
approximations and assumptions. 
 
The life-cycle approach is in fact not new. It existed in the 1960’s although early models 
only considered energy flows. In the late 1980’s a more general environmental approach 
was devised. The methodology was further developed in the early 1990’s based on ideas 
from Europe and the USA. Basic ideas concerning the methodology were originally 
defined in the SETAC (Society of Environmental Toxicology and Chemistry) document 
“Guidelines for Life-Cycle Assessment: A Code of Practice” from 19931. Since then, 
different documents have been published in different countries but the basic theories are 
relatively similar. In the Nordic countries for example the "Nordic Guidelines on Life-
Cycle Assessment" (1995) has been published as a guideline, not a standard2. 
 
The International Organisation for Standardisation (ISO) has prepared international stan-
dards for LCA methodology. The following standards are available today. 
 
• Principles and framework (ISO 14040)3 
• Goal and scope definition and inventory analysis (ISO 14041)4 
• Life cycle impact assessment (ISO 14042)5 
• Life cycle impact interpretation (ISO 14043)6 
 
Generally the method can be divided into three basic steps with the methodology for the 
first two steps relatively well established while the third step (Impact assessment) is more 
difficult and controversial. The first two steps are usually referred to as the life cycle 
inventory (LCI) and can be applied separately without the following impact assessment. 
In addition to the different steps in the procedure there can also be an interpretation 
phase. The three basic steps are shown in Figure 1. 
 
The Goal Definition and Scoping consists of defining the study purpose, its scope, project 
frame with system boundaries, establishing the functional unit, and establishing a strategy 
for data collection and quality assurance of the study. Any product or service needs to be 
represented as a system in the inventory analysis methodology. A system is defined as a 
collection of materially and energetically connected operations (e.g., manufacturing 
process, transport process, or fuel extraction process) that perform some defined function. 
The system is separated from its surroundings by a system boundary. The whole region 
outside the boundary is known as the system environment. 
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Goal and scope
definition

Inventory
analysis

Impact
assessment

Interpretation

Life cycle assessment framework

= replaced with a qualitative assessment of selected species  
Figure 1. Basic steps in an LCA. 

 
The Functional Unit is the measure of performance that the system delivers. The func-
tional unit describes the main function(s) of the system(s) and is thus a relevant and well-
defined measure of the system. The functional unit must be clearly defined, measurable, 
and relevant to input and output data. Examples of functional units are "unit surface area 
covered by paint for a defined period of time", "the packaging used to deliver a given 
volume of beverage", or "the amount of detergents necessary for a standard household 
wash." It is important that the functional unit contain measures for the efficiency of the 
product, durability or life time of the product and the performance quality standard of the 
product. In comparative studies, it is essential that the systems be compared on the basis 
of equivalent function. 
 
Other important aspects to consider in the goal definition and scoping include: 
 
• Whether the LCA is complete or if some component is excluded from the study. 
• Which type of environmental impact is considered in the study? 
• A description of important assumptions. 
 
In the Inventory Analysis the material and energy flows are quantified. The system within 
the system boundaries consists of several processes or activities e.g. crude material 
extraction, transports, production, and waste handling. The different processes in the 
system are then quantified in terms of energy use, resource use, emissions etc. The 
processes are then linked together to form the system to analyse. Each sub-process has its 
own functional unit and several in- and outflows. The final result of the model is the sum 
of all in- and outflows calculated per functional unit for the entire system.  
 
In an inventory analysis, products can move across system boundaries. In these situations 
it is necessary to distribute (allocate) the environmental impact to the different products. 
In principle, 3 types of allocations can be distinguished.  
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• Multi-output: Several products are produced in the same factory e.g. crude oil 
refinery. 

• Multi-input: Different products into a single unit e.g. waste incineration 
• Open-loop recycling: Recycling processes where the material is used outside the 

system boundaries. 
 
Several allocation principles exist such as: 
 
• Physical or chemical allocation based on natural causality. 
• Economical or social allocation. 
• Allocation based on an arbitrary choice of a physical parameter such as mass, 

volume, energy content, area or molar content. 
 
The most difficult part and also the most controversial part of an LCA is the Impact 
Assessment. No single standard procedure exists for the implementation of impact 
assessment although generally different methods are applied and the results compared. 
Due to the complexity of the model used here, a qualitative assessment has been done for 
a number of significant species. This is presented in Chapter 5. 
 
In the valuation phase, the different impact classes are weighed against each other. This 
can be done qualitatively or quantitatively. Several evaluation methods have been 
developed. The methods that have gained most widespread acceptance are based on either 
expert/verbal systems or more quantitatively methods based on valuation factors calcu-
lated for different types of emissions and resources such as Ecoscarcity, Effect category 
method (long and short term), EPS- system, Tellus, Critical volume or Mole fraction. Due 
to the fact that many important emission species from fires (in this particular study: 
dibenzodioxins and furans, and PAH, etc.) are either not dealt with in detail or not avail-
able at all, these methods are not suitable for an objective interpretation of environmental 
impact in the Fire-LCA application. Thus, a qualitative comparison method has been 
found to be most beneficial.  
 
In some cases, the LCA analysis is followed by an interpretation phase where the results 
are analysed. This phase provides an opportunity for the discussion of the results in terms 
of safety aspects. The fact that people may die in fires and that flame retarded products 
cause a reduction in the number of fire deaths cannot be included explicitly in the LCA. 
This can however be discussed together with the results of the LCA analysis to provide a 
context for their interpretation and a connection to the reality of fire safety. 
 
An LCA study has theoretical and technical limitations. Therefore, the following parts of 
a system are usually excluded:  
 
Infrastructure: Production of production plants, buildings, roads etc.  
Accidental spills: Effects from abnormal severe accidents. In the “Fire-LCA” model, fires 
are included but not industrial accidents during production. 
Environmental impacts caused by personnel: Waste from lunch rooms, travels from resi-
dence to workplace, personal transportation media, health care etc. 
Human resources: Work provided by humans is not included. 
 
An LCA usually covers energy use, use of natural resources and the environmental 
effects. In an entire decision making process the LCA results and the environmental 
aspects are only a part of all the decision factors such as economic factors, technical 
performance and quality, and market aspects, such as design. 
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2.2 The risk assessment approach 
 
In a conventional Life-Cycle Assessment the risk factors for accidental spills are 
excluded. For example, in the LCA data for the production of a chemical, only factors 
during normal operation are considered. However, there can also be, for example, 
emissions during a catastrophic event such as an accident in the factory. Those emissions 
are very difficult to estimate due to a lack of statistical data and lack of emission data 
during accidents. The same type of discussion exists for electric power production in 
nuclear power plants.  
 
In the case of the evaluation of normal household fires the fire process can be treated as a 
commonly occurring activity in the society. The frequency of fire occurrences is rela-
tively high (i.e. high enough for statistical treatment) and statistics can be found in most 
developed countries  This implies that it is possible to calculate the different environ-
mental effects of a fire if emission factors are available. The fundamental function of 
flame retardants is to prevent a fire from occurring or to slow down the fire development. 
The introduction of flame retardants into products will thus change the occurrence of fires 
and the fire behaviour. By evaluating the fire statistics available with and without the use 
of flame retardants the environmental effects can be calculated. The benefits of the flame 
retardant must be weighed against the “price” society has to pay for their production and 
handling. Thus, to evaluate the application of flame retardants in society a modified Life-
Cycle Assessment methodology will be used, the Fire-LCA. In this way a system per-
spective is applied that weighs in both the costs and benefits of the use of a high level of 
fire protection in a product.  
 
 
2.3 The Fire-LCA system description 
 
Schematically the Fire-LCA model proposed for this project can be illustrated as in 
Figure 2. The model is essentially equivalent to a traditional LCA approach with the 
inclusion of emissions from fires being the only modification. In this model a functional 
unit is characterised from the cradle to the grave with an effort made to incorporate the 
emissions associated with all phases in the unit’s life-cycle.  
 
It is difficult to allocate emissions associated with accidents due to the lack of statistical 
data. Fires are slightly different to industrial accidents (e.g., accidental emissions during 
production of a given chemical) as a wealth of statistics is available from a variety of 
sources (such as, Fire Brigades and Insurance Companies). Differences between countries 
and between different sources in the same country provide information concerning the 
frequency of fires and their size and cause. The use of these fire statistics is discussed in 
more detail in the next chapter. 
 
In order to facilitate the detailed definition of the Fire-LCA model shown in Figure 2 let 
us first define the Goal and Scope of the Fire-LCA and its System Boundaries and discuss 
the possible choices of Emissions to include in the Fire-LCA output. 
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Figure 2. Schematic representation of the LCA model. 

 
Goal and Scope: The aim of this model is to obtain a measure of the environmental 
impact of the choice of a given level of fire safety. Implicit in this model, in its present 
application, is the fact that to obtain a high level of fire safety with flammable material it 
is necessary to include flame retardants and that the choice of flame retardant will depend 
on both the material and application. In order to assess the environmental impact of the 
presence of the flame retardant it will be necessary to compare two examples of the same 
functional unit: one with and one without flame retardant. The model does not necessarily 
aim to obtain a comprehensive LCA for the chosen functional unit. In other words only 
those parts of the model that differ between the flame retarded and non-flame retarded 
version of the product will be considered in detail. All other parts will be studied in suffi-
cient detail to obtain an estimate of the size of their relative contribution. Further, present 
technology will be the assumed throughout.  
 
System Boundaries: According to standard practice no account will be taken of the pro-
duction of infrastructure or impact due to personnel. Concerning the features of the model 
that are specifically related to fires the system boundaries should be set such that they do 
not appear contrived. In general it is realistic that we assume that material that is con-
sumed in a fire would be replaced. Where possible we will rely on literature data to 
ascertain the size of such contributions. In lieu of such data an estimate of the contri-
bution will be made based on experience of similar systems. In the case of small home 
fires, which are extinguished by the occupant without professional help, the mode of 
extinguishment will not be included due to the difficulty in determining the extinguishing 
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agent. In cases where the fire brigade is called to a fire, transport and deployment should 
be included as realistically as possible. In the present application of this model this has, 
however, not been included. 
 
Emissions from fires: A wide variety of species are produced when organic material is 
combusted. The range of species and their distribution is affected by the degree of control 
in the combustion process. Due to its low combustion efficiency a fire causes the produc-
tion of much more unburned hydrocarbons than does a controlled combustion. In the case 
of controlled combustion one would expect that carbon dioxide (CO2) emissions would 
dominate. In a fire, however, a wide variety of temperature and fuel conditions and 
oxygen availability are present. Thus, a broader range of chemical species, such as CO, 
polycyclic aromatic hydrocarbons (PAH), volatile organic compounds (VOC), particles, 
dibenzodioxins and furans must be considered.  
 
The above choices provide the framework for the Fire-LCA. They should not be seen as 
insurmountable boundaries but as guidelines. As intimated above, in most applications of 
an LCA it is common to propose a variety of scenarios and to investigate the effect of the 
choices involved. Typically the system boundaries may be defined in different ways and 
the effect of this definition can be important for our understanding of the model and our 
choice of appropriate emissions from fires. 
 
 
2.4 Furniture Case Study 
 
The LCA furniture fire model covers the entire life cycle of a sofa from the production of 
different materials to waste handling including the risk that the sofa can be involved in a 
fire during its life time. The model includes different flame retarding systems for the 
cover fabric and for the polyurethane foam. Due to the proprietary nature of some infor-
mation concerning the production of the flame retarding systems and the polyurethane 
foams only limited parts of the LCA model can be shown fully. However, full data for the 
production of the materials has been available in the study by means of secrecy agree-
ments.  
 
Due to the presence of this proprietary information the LCA model is presented in two 
different ways. In Figure 3 the entire model is shown without module names. This figure 
provides an overview of the whole model. The blank modules indicate the production of 
the flame retardants and the polyurethane foams. In Figure 4 a general layout of the LCA 
model, excluding the confidential parts, is shown.  
 
The production of the sofa (‘Sofa production’ module) can be considered as the centre of 
the model. In the ‘Sofa production’ module all the materials that are used in the sofa are 
specified in terms of material types and quantities. A full specification of the different 
materials in the sofa can be found in the inventory part of this report in Appendix C . All 
the different material production modules are located in the upper part of the model. The 
different material production units are then connected with the ‘Sofa production’ unit 
with suitable transport flows.  
 
From the ‘Sofa production’ unit the produced sofas with their materials are transferred to 
the customer represented by the ‘Sofa use’ module. No environmental burden has been 
assumed to be related to the use of the sofa as no energy requirement is associated with its 
use. After the life time of the sofa, the entire furniture has been assumed to be turned into 
waste (i.e., re-constitution and re-use has not been considered). Two different waste 
handling alternatives are applicable for sofas: landfill or incineration. The energy 
produced from the incineration process is taken into account in the ‘External steam/heat 
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user’ module. The energy produced from the incineration has been assumed to be used as 
a replacement for fuel oil heating.  
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Figure 3. Overview of the entire LCA furniture fire model.  

A small number of sofas are also involved in accidental fires during their life time. The 
number of sofas that are involved in fires depends on  the fire performance of the sofa, 
i.e. in the case of these sofas, on the presence of a flame retardant. The number of sofas 
that are involved in fires is determined by the fire statistics.  These fire statistics are used 
to control the amount of sofa materials that are transferred to the fire modules. In the fire 
modules the emissions from the fires are calculated. The data in the fire modules is based 
on the different fire experiments that have been performed in the study. Fire modules 
exists for ‘Small sofa fires’ (very limited fires where most of the materials goes to waste 
handling), ‘Sofa fires’, ‘Sofa/Room fires’ and ‘Sofa/House fires’. Of these fire types data 
exists for non-flame retarded sofas, sofas flame retarded with a bromine/antimony system 
and sofas flame retarded with a phosphorus based flame retarding system. All the sofas 
that take part in fires are assumed to be involved in a fire after 50 % of its life time (on 
average). This also means that 50 % of the sofas that have been involved in a fire must be 
replaced with new sofas creating an increased production of sofas. The increased sofa 
production has been included in the model as well as the production of the other burned 
material included in the fire when the sofa has been the primary cause of the fire, i.e., 
from the room and the house fires.  
 
General modules covering the production of electric power, fuel/diesel oil and steam/heat 
have also been included. Different electric power production mixes have been used to 
cover production in different geographic areas. Three different mixes have been included 
in the model: OECD mix, China mix and a USA/Israel mix. Transport data (energy use 
and emissions) have been included in the model for all applicable transports.  
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A further specification of the modules and data can be found in the inventory part of this 
report located in the appendices. 
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Figure 4. The figure shows the general layout of the LCA model excluding the confidential 
parts.  
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3 Statistical Fire Model  
 
In 1988 the Department of Trade and Industry (DTI) in the UK introduced the Furniture 
and Furnishings Regulations. This was in response to a rising number of domestic fires 
and deaths resulting from upholstered furniture and mattresses. At that time furniture 
caused some 7.5% of all domestic fires but resulted in 35% of all deaths. These regula-
tions stipulate that fillings (e.g. PU foam) and coverings of all furniture should pass 
stringent flammability tests. While there was considerable effort at the time to make this 
legislation applicable in the whole of mainland Europe this was not successful. Presently, 
the majority of furniture sold in mainland Europe is resistant to cigarette ignition while all 
new furniture sold in the UK since 1988 is resistant to open flame ignition criteria. 
 
This study aims to compare the environmental impact of fires from sofas when the fire 
performance of the sofas is taken into account. This is done in the present model through 
a comparison between mainland Europe performance and the expected market penetra-
tion of FR sofas in the UK using 1999 statistics. 
 
In the Fire-LCA model two different types of fires are included, primary and secondary. 
The primary fires are those where the fire starts in the sofa while secondary fires are those 
where ignition took place somewhere else but the fires spreads and involves also the sofa. 
 
The fire model has been  constructed from studying fire and population statistics. The UK 
had 23.9 million households in spring 2000 and 22.4 million households in 19911. There 
were 70 300 dwelling fires in 1999 and 64 500 in 19892. With the benefit of almost 10 
years of fire statistics since the introduction of these Regulations it is possible to draw 
some conclusions concerning the effect of a high level of fire safety on the frequency and 
size of fires involving upholstered furniture. The DTI commissioned the University of 
Surrey to evaluate if the number of lives lost due to furniture fires had indeed been 
reduced by the introduction of the legislation and to see if the overall benefits of the 
regulations outweigh the costs to industry. The results of this report have been used as a  
basis for development of the present fire model.  
 
The statistics presently available in the UK are based on a sofa population that consists of 
both pre-1988 and post-1988 furniture. To define the effect of the presence of ignition 
resistant sofas in the 1999 statistics two scenarios have been considered. In the first case 
the model assumes that a sofa has a life time that is exponentially distributed with the 
expectation value of 10 years which results in a population with 63% of the sofas con-
taining combustion modified materials in 1999. In the second case a mean life time of 15 
years has been assumed which results in a population with 49 % of the sofas containing 
combustion modified material in 1999. In addition it is assumed that each household has 
2 sofas and the sofas are placed in the living room. 
 
 
3.1 The 10 year life time 
 
According to the DTLR statistics2 5500 fires per year spread beyond the room of origin 
but are confined to the building on average, in the late 90's. Since 1989 there is an 
increasing trend for "confined to item" and a decreasing trend for "confined to room". In 
1989, 32 500 fires were confined to room (50 %) and 26 300 to item (41 %). In 1999, 29 
200 fires were confined to room (41 %) and 34 800 to item (50 %). During this time 
period there has been a change in the way fires are reported, which makes it more diffi-
cult to interpret the data. This change in reporting data is to some extent taken into 
account by not including the fires reported as "No fire damage" when calculating the 
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percentages. Assuming that the change in confined to item and room depends solely on 
the increasing number of FR treated sofas results in a model where, if all sofas were FR, 
36 % of the fires would be confined to room and 55 % confined to item. Assuming that 
the change in confined to item depends solely on the change in the Fire Regulations is 
probably not correct but provides a starting point for the model. Another extreme is to 
assume that the change in confined to item depends only on other factors such as smoke 
detectors, less smoking etc which is probably also incorrect. 
 
In 1999 around 10 fires started in combustion modified upholstery and 500 in other 
upholstery. The number of fires per year is then calculated using: 
 

BX
fires

yearfires
sofaA

sofaA
sofaA ⋅⋅

=
χ
#

/#  

 
where #firessofaA/year is the total number of fires in a particular type of sofa (i.e. com-
bustion modified or otherwise) each year, χsofaA is the percentage of fires in this type of 
sofa each year, X is the number of sofas per household (i.e. 2) and B is the total number of 
households (assumed to be 23,9 million in 1999). 
 
Assuming that all 10 fires started in combustion modified upholstery are fires in sofas 
result in 0.33i fires per million FR sofas and 28.3ii fires per million non-FR treated sofas. 
The DTI studies3,4 indicate that the number of fires in FR furniture  may actually be 
higher. This is, however, based on an extrapolation of the data post 1988 that has not been 
included in this model. 
 
According to statistics from Surrey5 the number of fires starting in the living room in UK 
was rather constant until 1986 ( = 0.5 fires/1000 households) when the number suddenly 
decreased to 0.45 fires/1000 households in 1987 and has continued to decrease slightly 
since then.  In 1999 the number of fires starting in the living room in UK was 8 600.  
Subtracting the number of fires starting in sofas, i.e. 500 + 10, results in 8090 fires. Out 
of these 41 % are confined to the room but beyond starting item assuming that confined 
to room is independent of starting room, i.e. 3 317 fires which is equivalent to 69 
fires/million sofas. The 5500 fires that are confined to building results in 115 fires per 
million sofas. 
 
The results for the LCA model for UK and mainland European fires in sofas, assuming 
that “confined to item/room” is independent of room and starting item, are summarised in 
Table 1. 
 
The number of sofas that are replaced when the fire is too small to be reported to the fire 
brigade is not available in the DTLR statistics. Swedish6,7 and UK8 statistics indicate that 
about 13% of all fires are reported in the fire statistics. Assuming that the same figure 
applies to fires in sofas gives that (0.33/0.13-0.33=) 2.2 fires occur in the UK and 
(28/0.13-28=) 187 fires occur in the EU per million sofas each year that are not reported 
to the fire brigade. In this model it has been assumed that the same number of sofas are 
ignited independent of the presence of flame retardants but that a more limited number 
increase to a fire that is reported to the fire brigade in the UK. This results in (28/0.13-
0.33=) 215 fires in the UK and 187 fires in the EU that are confined to the sofa of origin 
and result in the replacement of the sofa but do not have fire emissions included as LCA 
input.  
 
                                                      
i 10/(0.63*2*23.9) 
ii 500/(0.37*2*23.9) 
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Table 1.  Number of fires assuming a 10 year half life and that the change in "confined to 
item" and "confined to room" depends solely on FR treatment of the sofas. 

 UK  European 
Primary fires 
Small Fires 215 fires/million sofas 187 fires/million sofas 
Fires starting in sofa 0.33 fires/million sofas 28.3 fires/million sofas 
Fires confined to sofa 0.55*0.33 = 0.18 0.41*28.3 = 11.6 
Fires starting in sofa 
confined to room 

0.36*0.33 = 0.118 0.5*28.3 = 14.1 

Fires starting in sofa 
confined to building 

0.09*0.33 = 0.030 0.09*28.3 = 2.5 

Secondary Fires 
Fires confined to living 
room not starting in sofa 

69 69 

Fires confined to building 115  115 
 
In the LCA model it is assumed that on average half the mass of the sofas are consumed 
during a primary sofa fire, while 90% of the mass is consumed in the secondary fires. All 
sofas are assumed to be involved in the fire after 50 % of its life time (on average). This 
also means that 50 % of the sofas that have been involved in a fire must be replaced.  
 
 
3.2 Mean life time 15 year  
 
If an expectation life time of 15 years is assumed then the number of FR sofas would be 
49 % in 1999. This results in 0.43i fires per million FR sofas and 20.5ii fires per million in 
non-FR sofas. 
 
Using the same approach as in the 10 year half life case on the trend for fires confined to 
item results in 59 % confined to the sofa and 32 % confined to room. 
 
The results for the UK and mainland European fire statistics collated assuming that 
“confined to item/room” is independent of room and starting item are summarised in 
Table 2. 
 
Using the same approach as in the 10 year case for fires that are not reported to the fire 
brigade, i.e. assuming that the same number of fires occur but that less fires become 
sufficiently large to warrant being reported to the fire brigade in the UK results in 127 
fires in UK and 111 in EU being confined to the sofa and resulting in replacement of the 
sofa without the inclusion of fire emissions in the LCA model. 
 
 
 
 
 
 
 
 
 
 

                                                      
i 10/(0.49*2*23.9) 
ii 500/(0.51*2*23.9) 
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Table 2.  Number of fires assuming a 15 year half life and that the change in "confined to 
item" and "confined to room" depends solely on that the Sofas have been FR 
treated. 

 UK  European 
Primary Fires 
Small fires 127 111 
Fires starting in sofa 0.43 fires/million sofas 20.5 fires/million sofas 
Fires confined to sofa 0.59*0.43 = 0.254 0.41*20.5 = 8.4 
Fires starting in sofa 
confined to room 

0.32*0.43 = 0.138 0.5*20.5 = 10.2 

Fires starting in sofa 
confined to building 

0.09*0.43 = 0.039 0.09*20.5 = 1.8 

Secondary Fires 
Fires confined to living 
room not starting in sofa 

69 69 

Fires confined to building 115  115 
 
 
3.3 Assuming that the change in "confined to item" 

is due to other circumstances than the furniture 
are FR. 

 
One could assume that the change in “confined to item” and “confined to room” is due to 
other factors such as the increased use of smoke detectors, fewer smokers etc. In this case 
the fire model summarised in Table 3 and Table 4 should be used. 
 
Table 3.  Number of fires assuming a 10 year half life and that the change in "confined to 

item" and "confined to room" is caused by other factors. 

 UK  European 
Primary Fires 
Small fires 215 187 
Fires starting in sofa 0.33 fires/million sofas 28.3 fires/million sofas 
Fires confined to sofa 0.5*0.33 = 0.165 0.5*28.3 = 14 
Fires starting in sofa 
confined to room 

0.41*0.33 = 0.135 0.41*28.3 = 11.6 

Fires starting in sofa 
confined to building 

0.09*0.33 = 0.030 0.09*28.3 = 2.5 

Secondary Fires 
Fires confined to living 
room not starting in sofa 

69 69 

Fires confined to building 115  115 
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Table 4.  Number of fires assuming a 15 year half life and that the change in "confined to 
item" and "confined to room" is caused by other factors. 

 UK  European 
Primary Fires 
Small sofa fires 127 111 
Fires starting in sofa 0.43 fires/million sofas 20.5 fires/million sofas 
Fires confined to sofa 0.5*0.43 = 0.215 0.5*20.5 = 10.2 
Fires starting in sofa 
confined to room 

0.41*0.43 = 0.176 0.41*20.5 = 8.4 

Fires starting in sofa 
confined to building 

0.09*0.43 = 0.039 0.09*20.5 = 1.8 

Secondary Fires 
Fires confined to living 
room not starting in sofa 

69 69 

Fires confined to building 115  115 
 
 
3.4 References
 
1 http://www.statistics.gov.uk/ 
2 http://www.safety.odpm.gov.uk/fire/rds/index.htm 
3 Effectiveness of the Furniture and Furnishings (Fire)(Safety) Regulation 1988, Govenrnment 
Consumer Safety Research, DTI 
4 Emsley A M, Lim L and Stevens G C, "International Fire Statistics and the Potential Benefits of 
Fire Counter-Measures Proceeding from FR2002 London february 2002, in pp 23-32, 2002 
5 Statistics specially prepared for this project supplied by Polymer Research Centre, UK 
6 www.forsakringsforbundet.com 
7 "Räddningstjänst i siffror", Rescue service in numbers, Räddningsverket Karlstad Sweden, 
available only in Swedish 
8 British crime survey, http://www.homeoffice.gov.uk/rds/pdfs/hosb1301.pdf 
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4 Fire Experiments  
 
The fire experiments include Sofa trials to catalogue the ignition behaviour of the 
different sofas and those conducted to perform chemical analyses from exhaust smoke to 
provide data for the LCA analysis. Similarly, chemical analyses from full scale room 
burns were also made to provide input to the LCA analysis. All tests were recorded on 
video. The sofa trials provide input to the primary and to some extent secondary sofa fires 
while the room fires provide input for the primary fires that increase to room and 
dwelling fire.  
 
4.1 Choice of Sofa 
 
A typical household sofa (“Klippan”) with a wooden framei was chosen as the model for 
this investigation. This choice was contingent on the simplicity and availability of the 
sofa. The sofa had an extra cotton covering in order to facilitate putting on the decorative 
cover. This is how the Klippan sofa is produced and sold normally. It was however 
decided to use the wooden frame since the polystyrene framed sofa was considered to 
influence the fire behaviour significantly and it was not considered as normal practice to 
use a polystyrene frame in UK.  
 
Three different sofas were used in this model: a mainland European model sofa without 
FR treatment, referred to as non-FR in this report, a UK sofa with a TCPP-melamine 
foam and P-FR treated covering, referred to as P-FR in this report, and a UK sofa with 
TCPP-melamine foam and covering back-coated with a Br-FR formulation, referred to as 
Br-FR in this report. The non-FR sofa is typical of sofas used throughout mainland 
Europe while the FR sofa corresponds to UK regulations.  
 
All materials in the sofas were identical except for the foam and covering. The foam in 
the two “UK” model sofas was identical. The Sofas were custom made for this project at 
the IKEA workshop. The covering of the European sofa was match but not cigarette 
resistant while the UK coverings met the requirements of BS 5852 Part 1:1979. The foam 
in the UK Sofas met the Furniture and Furnishings fire safety regulations 1988 i.e. it 
could not be ignited by a crib 5. 
 
4.2 Species monitored 
 
The species monitored during the experiments are presented in Table 5 together with the 
measuring methods. Gas analysis methods are described in more detail in Appendix B. In 
a limited number of cases ash samples were taken to facilitate ash analysis. 
 
Table 5.  Species monitored. 

Compound/ 
Group of 
compounds 

Collecting media  Eluent /sample 
preparation 

Principle  of 
detection and 
quantification 

VOCs   
(approx C5-C18) 

Tenax adsorbent 
tubes (Perking Elmer 
type) 

Thermal desorption  GCFID/GCMS 

                                                      
i This sofa is typically produced with a PS frame in its present specification. The wooden frame 
model was produced specifically for this project based on a previous design of this product. 
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Compound/ 
Group of 
compounds 

Collecting media  Eluent /sample 
preparation 

Principle  of 
detection and 
quantification 

PAHs, PBDEs, 
PCDDs/Fs and 
PBDD/Fs  

Glass fibre filter 
+condenser+XAD-2 

Toluene (filter and 
condenser), dichloro-
methane (XAD-2) 

GCMS 

Br, P and Sb 
species 

Gas impinger bottles 
with 0.025 M NaOH 

- ICP-MS (for the total 
amount of each  
element) and IC (for 
selected ions)  

Br, P and Sb 
species on soot* 
and ash 

Ceramic filters Acidic extraction  ICP-MS 

CO2 , CO, HCl, 
HBr, HCN, NH3, 
NO, NO2  

- - Direct measurement 
FTIR instrument   

* Soot measurements were only performed for the room fire tests 
 
 
4.3 Sofa trials 
 
In total 10 Sofa trials and one blank test were conducted to characterise the ignition per-
formance of the sofas studied and measure the emissions from the burning sofas to obtain 
input to the LCA analysis, the different test are summarized in Table 6 in the order they 
were performed. Each test is described in more detail in Appendix A. The chemical 
analyses are described in more detail in Appendix B.  
 
Table 6.  Summary of Sofa experiments conducted 

Test name Type of test 
Sofa1 Ignition test on Non-FR treated sofa 
Sofa2 Ignition test on P-FR treated sofa 
Sofa3 Heat Release Rate measurement on Non-FR treated Sofa 
Sofa4 Heat Release Rate measurement on P-FR treated Sofa 
Blank Blank test using a propane burner to get blank levels of the chemical 

analysis 
Sofa5 Chemical analyses and HRR measurement on Non-FR treated sofa 
Sofa6 Chemical analyses and HRR measurement on P-FR treated sofa 
Sofa7 Ignition test on Br-FR treated sofa 
Sofa8 Chemical analyses and HRR measurement on Br-FR treated sofa 
Sofa7b Ignition test on Br-FR treated sofa 
Sofa8b Chemical analyses and HRR measurement on Br-FR treated sofa 
 
In order to catalogue the ignition performance of the sofas a utility lighter, cribs 4, 5, 6 
and 7 and the CBUF burner1 were used. The non-FR treated sofa was ignited with the 
utility lighter while the FR treated sofas required the crib 7 in order not to self extinguish 
after a while. The crib 7 did not however result in a large enough fire to consume the 
entire sofa within a suitable time for the gas analysis so the CBUF burner was used at 30 
kW for the chemical analysis tests. 
 
The sofa was placed on a platform of Gypsum Board below the exhaust hood for the ISO 
9705 room. The platform was placed on scales to weigh the sofa during the experiments. 
In the non-FR case a utility lighter was used as the ignition source. The lighter was 
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applied for 20 s. For the FR treated cases the CBUF burner (30 kW) was used for 10 
minutes in the first corner and then for another 5 minutes in the other corner of the sofa. 
All tests continued until the Heat Release Rate (HRR) had decreased to 100 kW. The total 
energy release and mass loss during the experiments was in close agreement for each of 
the sofa tests, thereby confirming repeatability of the experiments.  
 
In each test the HRR, CO and CO2 concentration together with the weight loss were 
monitored. In addition an FTIR was used for measuring HCN, NH3, HCl, NOx and HBr. 
Other samples were taken to measure dioxins, furans, certain flame retardants, some 
phosphorous compounds and PAH. The HRR curves are presented in Figure 5 - Figure 7. 
Photos taken during the experiments are provided in Appendix E. 
 
For the blank test a propane burner of 200 kW was used. The burner was elevated close to 
the exhaust hood in order to get a temperature in the hood in close agreement with that in 
the sofa tests. 
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Figure 5.  The Heat Release Rate for the non-FR sofa, time 0 is time for ignition of 
burner. 
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Figure 6.  The Heat Release Rate for the P-FR treated sofa, ignition of burner at time 0. 
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Figure 7.  The Heat Release Rate for the Br-FR treated sofa, test2, time 0 is at ignition. 

 
4.3.1 Chemical Species 
 
The results from the chemical analyses are presented in Table 7 - Table 19 below. All 
results are presented as yields/kg burned material. The test for the Br-FR sofa was run 
twice. In the first case the material in the sofa had insufficient flame retardant treatment 
to exhibit correct fire performance in the small scale tests. In the second case the back 
coating on the material was in better agreement with typical product formulations and 
exhibited correct fire performance in the small scale tests. The formulation in the second 
case is that which has been used in the LCA model.  
 
As an initial blank, the same measurements were performed using a propane gas burner. 
To calculate yields in this Blank test, an average weight loss (as in the sofa trials) was 
used. 
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Table 7.   Inorganic species in flue gas as yields mg/kg burned material (Note: airborne 
soot not included in the analysis). 

Compound Blank Non-FR 
treated sofa 

P-FR treated 
sofa 

Br-FR 
treated 
sofa test 1 

Br-FR 
treated sofa 
test 2 

CO2 Na 1 513 000 1 470 000 1 370 000 1 387 000 
CO Na 24 100 24 600 30 000 38 400 
HCN <370 <400 <500 900 900 
HCl <1 260 5 700  7 600 8 300 7 300 
NH3 <240 600  400 500 700 
NO <1 660 4 000 4 500 2 900 3 100 
Sb <0.1  0.3  0.4  12.4 Nm 
Br 5.6  18  12  62 Nm 
P 2.3  2.6 11*  13* Nm 
Nm, Not Measured 
Na, Not applicable 
* 50% found in back-up sampling bottle, indicating occurrence of non water-soluble P-
species 
 
Table 8.   Inorganic species in ash as mg/kg dry ash. 

Compound Non-FR sofa P-FR treated 
sofa 

Br-FR treated 
sofa test 1 

Br-FR 
treated sofa 
test 2 

Sb 7 25.8 3341 Nm 
Br 2 41 2307 Nm 
P 0.6 30300 5580 Nm 
Nm, Not Measured 
 

Table 9.  VOC as yields mg (Toluene equivalents) /kg burnt material 

Compound Blank (gas 
burner) 

Non-FR sofa P-FR treated 
sofa 

Br-FR 
treated 
sofa test 1 

Br-FR 
treated sofa 
test 2 

Benzene <5 100 241 231 379 
Toluene <5 24 42 34 61 
phenyletyn 
=phenyl 
acetylene 

<1 6 9 24 35 

Styrene <1 11 19 17 38 
Phenol <1 24 39 43 146 
Bensonitrile <1 16 37 84 96 
Indene <1 <5 <5 9 29 
2-furanmethanol <1 <5 22 44 <5 
Naphthalene <1 21 38 78 110 
Unspecified <5 342 819 520* 581* 
Total VOC <10 545 1270 1080* 1475* 
* among other VOC species identified were: bromomethane, dibromomethane, 1-bromobutane, 
dichloromethane, chlorobenzene, furfural, methyl phenols (=cresols), indene, pyrrole 
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Table 10.  PAH as yields mg/kg burnt material 

Compound Blank Non-FR 
sofa 

P-FR 
treated sofa 

Br-FR 
treated 
sofa test 
1 

Br-FR 
treated sofa 
test 2 

Acenaftylene <0.1 6 10 20 18 
Acenaftene <0.1  0.2 0.5 0.3 1.1 
Fluorene <0.1 1 1.7 1.6 2.4 
Phenantrene 0.1  4.8 7.1 15 17 
Antracene <0.1  0.6 1 1.7 2.0 
Fluorantene 0.1 2 2.5 5.1 5.8 
Pyrene <0.1  1.7 2.4 4.1 4.6 
Benso(a)-fluorene <0.1  0.2 0.3 0.3 0.5 
Benso(b)- fluorene <0.1  0.2 0.3 0.2 0.4 
Benso(a)-antracene <0.1 0.4 0.6 1.2 1.3 
Chrysene/Trifenylene <0.1  0.5 0.6 1.5 1.7 
Benso(b)-fluorantene <0.1  0.6 0.7 1.7 1.9 
Benso(k)-fluorantene <0.1  0.2 0.2 0.5 0.5 
Benso(e)- pyrene <0.1  0.3 0.3 0.8 0.8 
Benso(a)- pyrene <0.1  0.3 0.4 0.6 0.7 
Perylene <0.1  0 0.1 0.1 0.1 
Indeno(1,2,3-cd)-
pyrene 

<0.1  0.3 0.4 0.9 1.0 

Benso(g,h,i)-perylene <0.1  0.3 0.4 0.7 0.8 
Dibenso(a,h)-
antracene 

<0.1  0 0.1 0.1 0.1 

Coronene <0.1  0.1 0.1 0.2 0.4 
Sum of all 20 PAHs 
* 

<2 20 29 56 60 

• Please note that naphthalene is NOT included in the total PAH yield but instead in VOC 
 

Table 11.  Polybrominated diphenyl ethers (PBDE) as yields µg/kg burnt material. Please 
note unit. 

Compound Blank Non-FR sofa P-FR treated 
sofa 

Br-FR 
treated sofa 
test 1 

Br-FR 
treated 
sofa test 2 

2,2',4,4'-
TeBDE, #47 

0.3 0.7 0.8 <4 8.2 

2,2',4,4',6-
PnBDE, #100 

0.1 0.2 0.2 1.2 5.9 

2,2',4,4',5-
PnBDE, #99 

0.3 0.4 0.5 <3 201 

2,2',3,4,4'-
PnBDE, #85 

0.2 <0.1 <0.1 <0.5 3.6 

2,2',4,4',5,6'-
HxB, #154 

0.5 0.7 0.9 10.9 7.3 

2,2',4,4',5,5'-
HxB, #153 

0.4 0.5 0.6 6.1 26.5 

2,2',3,4,4',5'-
HxB, #138 

0.3 0.2 0.3 2.3 8.0 

DecaBDE, 
#209 

8.6 4.8 6770 23700 56900 
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Table 12.  Dioxins and Furans as yields,  µg/kg burnt material. Please note unit. 

Compound Blank Non-FR 
treated sofa 

P-FR 
treated Sofa 

Br-FR 
treated sofa 
test 1 

Br-FR 
treated sofa 
test 2 

Sum of all 
quantified 
chlorinated 
dioxins 

nd  0.003 0.016 0.63 1.02 

Sum of all 
quantified 
chlorinated 
furans  

 0.3 0.3 10.2 13.3 

TCDD 
equivalents, I-
TEQ minimum 
* 

nd  0.002 0.007 0.096 0.149 

Brominated dioxins:     
2378 TBDD n d n d n d n d n d 
12378 PnBDD n d  n d n d n d 
123478/123678 
HxBDD 

n d n d n d n d n d 

123789 
HxBDD 

n d n d n d n d n d 

Brominated Furans      
2378 TBDF 0.12 0.12 0.26 11 11 
12378 PnBDF n d n d 0.28 17 90 
23478 PnBDF n d n d 0.54 16 119 
123478 
HxBDF 

n d n d 7.2 138 110 

1234678 
HpBDF 

n d n d 92 1680 4750 

Sum of all 
quantified 
Brominated 
dioxins and 
furans 

0.1 0.1 101 1859 5053 

* minimum = I-TEQ calculations only including significant figures, not detection limits 
n d = not detected  (below actual detection limits) 
 
As seen in Table 7 only the Br-FR treated sofa gives any detectable HCN emissions. This 
is probably due to the fact that the Br inhibits the combustion and thus causes the produc-
tion of more HCN, which is an intermediate in all combustion of nitrogen containing 
fuels. 
 
The measurement of Antimony, Sb, in the gas phase, trapped in gas washing bottles con-
taining alkaline water, resulted in a yield about 30 times higher in Br-FR sofa fire. This 
was as expected as Antimony trioxide is part of the treatment of the fabric back coating.   
 
As in the examples above, in most cases the results agree very well with what can be 
expected. 
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The amount of airbornei phosphorous species measured was about the same in the P-FR 
and Br-FR treated cases. The foam contains substantial amount of phosphorus. On the 
other hand there is a very large difference in phosphorous contents between the different 
cases in the ash. This can be an indication that the fabric forms more ash than the foam. 
The ash sampling results are, however, merely an indication of the presence of P in the 
ash due to the ash sampling technique, i.e., ash was collected from a few places around 
the burned sofa. 
 
The Br-FR treated sofa fire produced more chlorinated dioxins. A possible explanation is 
that the Br inhibits the combustion in the gas phase and thus more dioxins are produced 
from the chlorine in the foam. Incomplete combustion is also indicated by the higher 
PAH yields from the Br-Fr treated sofa. 
 
Some Br containing species were produced in both the non-FR and P-FR treated sofa test. 
This was shown when sampling filtered fire gases in aqueous solution and analysing the 
total Br by ICP-MS. Further analysis by ion chromatography showed that most (60-100 
%) of the Br trapped this way were present as bromide, i.e. HBr. On-line FTIR measure-
ments did however not detect any HBr but the detection limit for HBr was quite high.  
 
According to the production data there should not be any Br in the non-FR and P-FR 
treated sofas. However, various parts of identical unburned sofas were later analysed for 
Br using ICP-MS after bomb calorimetric combustion. These tests showed that  Br was 
present in both the non-FR and P-FR treated sofa materials in amounts of 10-290 mg/kg 
(=ppm), with large differences between different foams. Thus trace amounts of Br were 
present in all sofas. 
 
On the other hand, less HBr than expected was monitored in the Br-FR sofa fire test. The 
amount was only 3-4 times the amount in the non-FR and P-FR sofa test. This can 
possibly be explained by the fact that a major part of the Br is contained in the ash rather 
than forming airborne HBr. The amount of Br found in the ash was 37 times the amount 
in the gases, but as previously mentioned the uncertainty in the ash sampling was 
extremely high. 
 
The amount of organic Br-species (PBDEs and brominated dioxins/furans) produced by 
the Br-FR and P-FR sofa differs significantly, as expected. More surprisingly, the P-FR 
still had significant yields of brominated furans and deca-PBDE, when compared to the 
non-FR sofa. When analysing a P-FR treated sofa  for Br, Br levels of 130  and  39 ppm 
were found in the foam and the P-FR treated fabric, respectively. Deca-BDE being 
present indicates this FR being added (deliberately or as contamination) in the production 
of the sofa materials. It is believed that these levels can be due to contamination from 
other production. For instance for the foam the same production lines are used for several 
types of foam. Deca-BDE will most unlikely be formed from other Br sources during a 
fire.   
 

                                                      
i volatile, water soluble P species. Soot bound P species were trapped in a ceramic filter but 
unfortunally not analyzed in the sofa tests. Also, P species not readily soluble in water was not 
included. Not effectively trapping occurring P species in the aqueous solutions was indicated by 
the fact that 30-50 % of the total P was found in the second gas washing bottle (backup bottle). A 
later perfomed analysis of the solutions by ion chromatography gave non-detectable phosphate ion 
concentrations, although  the level of detection were somewhat high. This indicates that some or 
much of the trapped phosphourous might consists of organic P species, with limited water 
solubility 
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4.4 Room tests 
 
The furniture types and load used in the Room tests were similar to that used in the TV-
case study2. The specific items of furniture used are summarised in Table 13.  
 
Table 13.  Summary of material present in the room fire experiments. 

Item # Weight per item Total weight 
Sofa “Klippan” 1 55 kg 55 kg 
Armchair ”Malung”* 2 15 kg 30 kg 
Corner Bookshelf 
“Billy” 

1 50 kg 50 kg 

Bookshelf “Billy” 3 37,6 kg  
Coffee table 
“Krokshult” 

1 19,2 kg 19,2 kg 

Carpet “Uldum”, 
2,3m × 2,3m 

1 28,2 kg 28,2 kg 

Curtains “Lenda” 1 4,6 kg 4,6 kg 
TV 1 31,8 kg 31,8 kg 
TV Unit ”Leksvik” 1 22 kg 22 kg 
Magazine holder 1 1,5 kg 1,5 kg 
Literature+  178 kg 178 kg 
* The chairs were brought from UK in the FR rooms, i.e. FR treated. 
+ In the non-FR room the literature consisted mainly of old books 
 
Three room tests were conducted, where the main difference between the tests was the 
type of sofa and type of armchairs included. In each test the Heat Release Rate was 
measured, the results are presented in Figure 8 - Figure 10. In the European room ignition 
was started in the sofa using the utility lighter for 20 s. In the UK experiments the fire 
was started in the TV using the Utility Lighter for 1.5 minutes. It is seen from Figure 8 - 
Figure 10 that the peak HRR is about the same in all three tests. The accumulated HRR is 
4.2 GJ for the non-FR room, 4.4 for the P-FR room and 4.2 GJ for the Br-FR room.  
 
It took about 10 minutes longer for the P-FR room to reach Flashover. This was due to 
the fact that  the burning TV-material fell backwards, towards the wall, where no 
flammable material was present instead of forward onto the carpet as in the Br-FR case. 
In Figure 11 the HRR curves are time shifted for the two UK rooms so that Flashover 
occurs at the same time in both cases. The agreement between the two experiments is 
then very good once this adjustment has been made. The tests are described in more detail 
in Appendix A. The chemical measurements are described in Appendix B. 
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Figure 8.  The Heat Release Rate from the Non-FR Room. The dip in the curve is due to 
power loss to an instrument, this did not effect the measurements. 
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Figure 9.  The Heat Release Rate from the UK room with the P-FR treated sofa. 
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Figure 10.  The Heat Release Rate for the UK Room with the Br-FR treated sofa. 
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Figure 11.  The Heat Release Rate curves for the two UK cases with the time scale moved 
so that Flashover occurs at the same time in both cases. 

 
4.4.1 Chemical species 
 
The results from the chemical analyses are presented in Table 14 - Table 19. All results 
are presented as yields/kg burnt material. 
 
Table 14.   Inorganic species in flue gas as yields mg/kg burnt material. (Note: airborne 

soot not included in the analysis except for Sb, Br and P). 

Compound Blank Non-FR room P-FR room Br-FR room 
CO2 Na 917 000 952 000 944 000 
CO Na 32 400 30 600 41 200 
HCN <350 900 1 000 1 400 
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Compound Blank Non-FR room P-FR room Br-FR room 
HCl <1 170 600 800 600 
NH3 <220 500 800 1 100 
NO <1 540 900 700 500 
Sb <0.4 <0.7 <0.7 1.1 
Br <1 1.7 1.5 5.3 
P 1 15 25 6.5 
Na, Not applicable 
Table 15.  Inorganic Species in ash as mg/kg dry ash 

Compound Non-FR room P-FR room Br-FR room 
Sb 0.5 0.1 2 
Br 7 1 17 
P 30 10 180 
 
Table 16.  VOC as yields mg/kg burnt material 

Compound Blank Non-FR room P-FR room Br-FR room 
Benzene 2 1296 1305 1337 
Pyridine <1 19 56 35 
Toluene <1 118 130 154 
phenyletyn 
=phenyl 
acetylene 

<1 41 54 58 

Styrene <1 75 139 130 
Phenol <1 55 81 72 
Bensonitrile <1 55 96 101 
Indene <1 46 56 32 
Naphthalene <1 284 341 377 
Unspecified <10 195 872 489 
Total VOC 19 2190 3130 2790 
 
Table 17. PAH as yields mg/kg burnt material 

Compound Blank Non-FR 
Room 

P-FR Room Br-FR Room 

Acenaftylene <0,1 125 96 105 
Acenaftene <0,1 1.1 0.9 0.6 
Fluorene <0,1 18 15 15 
Phenantrene 0.1 103 90 92 
Antracene <0,1 11 12 11 
Fluorantene 0.1 49 38 37 
Pyrene 0.1 46 37 38 
Benso(a)-fluorene <0,1 2.7 2.7 1.9 
Benso(b)- fluorene <0,1 2.4 2.4 1.9 
Benso(a)-antracene <0,1 9.2 8.0 7.5 
Chrysene/Trifenylene <0,1 12 10 10 
Benso(b)-fluorantene <0,1 16 13 13 
Benso(k)-fluorantene <0,1 5.1 3.9 4.0 
Benso(e)- pyrene <0,1 8.7 6.4 7.5 
Benso(a)- pyrene <0,1 7.1 8.5 9.7 
Perylene <0,1 1.4 1.4 1.6 
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Compound Blank Non-FR 
Room 

P-FR Room Br-FR Room 

Indeno(1,2,3-cd)-
pyrene 

<0,1 13 9 11 

Benso(g,h,i)-perylene <0,1 11 8 11 
Dibenso(a,h)-
antracene 

<0,1 0.9 0.7 0.9 

Coronene <0,1 3.4 2.6 3.8 
Sum of all 20 PAHs 
* 

<2 447 364 382 

* Please note that naphthalene is NOT included in the total PAH yield but in VOC. 
 
 

Table 18.  Polybrominated diphenyl ethers (PBDE) as yield µg/kg burnt material. Please 
note unit. 

Compound Blank Non-FR Room P-FR Room Br-FR Room 
2,2',4,4'-
TeBDE, #47 

<0.04 <0.06 0.4 1.7 

2,2',4,4',6-
PnBDE, #100 

<0.04 <0.06 <0.06 <0.06 

2,2',4,4',5-
PnBDE, #99 

<0.04 <0.06 0.5 0.6 

2,2',3,4,4'-
PnBDE, #85 

<0.04 <0.06 <0.06 0.1 

2,2',4,4',5,6'-
HxB, #154 

<0.04 <0.06 <0.06 0.7 

2,2',4,4',5,5'-
HxB, #153 

<0.04 <0.06 <0.06 0.2 

2,2',3,4,4',5'-
HxB, #138 

<0.04 <0.06 <0.06 <0.06 

DecaBDE, #209 0.3 0.9 9.6 162 
 
 
Table 19.  Dioxins and Furans as yield µg/kg burnt material (Please note unit!) 

Compound Blank Non-FR Room P-FR Room Br-FR Room 
Sum of all 
quantified 
chlorinated 
dioxins 

0.001 0.016 0.018 0.015 

Sum of all 
quantified 
chlorinated 
furans 

0.001 0.2 1 3.3 

TCDD equiva-
lents I-TEQ 
minimum* 

<0.001 0.002 0.008 0.03 

Brominated Dioxins 
2378 TBDD n d n d 0.02 n d 
12378 PnBDD n d n d n d n d 
123478/123678 
HxBDD 

0.002 0.87 n d n d 

123789 HxBDD n d n d n d n d 
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Compound Blank Non-FR Room P-FR Room Br-FR Room 
Brominated Furans 

2378 TBDF n d 0.2 n d n d 
12378 PnBDF n d n d n d 0.36 
23478 PnBDF n d n d n d 0.36 
123478 HxBDF n d n d n d 1.1 
1234678 
HpBDF 

n d n d n d 1.1 

Sum of all 
quantified 
Brominated 
dioxins and 
furans 

0.002 1.1 0.02 2.9 

* minimum = I-TEQ calculations only including significant figures, not detection limits 
n d = not detected  (below actual detection limits) 
 
The experiment differs in initiation of fire, a direct comparison is only possible between 
the two FR treated rooms. Still it is possible to make a few observations. 
 
All room fires produced some HCN, the Br-FR treated case produced slightly more. This 
may be due to the Br inhibiting the combustion in the gas phase and thus more HCN is 
produced. The Br-FR treated room also gave higher emission of NH3 and had a larger 
CO/CO2 ratio which all indicates less efficient combustion.  
 
Antimony (Sb) and Br were sampled by means of alkaline water in gas washing bottles. 
The only case that gave any detectable amounts of Antimony was the Br-FR treated case 
as expected. This measurement also showed significantly higher yields of Br for the Br-
FR treated case, this is probably mainly HBr since organic Bromine compounds do not 
dissolve easily in water. 
 
The assumed occurrence of deca-BDE in the P-FR treated sofa was indicated also in the 
room fire, here giving a 10-fold higher “deca” yield than the non-FR sofa room. One 
should, however, also keep in mind that there are other potential sources of deca-BDE in 
the UK room tests. We have no details concerning the FR treatment of the armchairs used 
in these experiments but we can assume that they were FR treated as UK furniture. The 
Br-FR sofa room gave in turn 16 times the yield compared to the P-FR sofa room.   
 
Two isomers of PBDD/Fs were found in the non-FR sofa room test but not in the P-FR 
room. The Br-dioxin/furan findings are not perfectly confirmed, since the GCMS analysis 
is made in a selected ion monitoring mode, and a second analysis in scan mode was not 
possible when requested. Except for very small amounts of Br in the non-FR-sofa foam, 
any other bromine source in the non-FR sofa room are not known. It should be noted, 
however, that the books and papers (178 kg) in the bookshelf were not identical during 
the room fires for practical reasons. In particular, old books were used in the non-FR 
treated case while the books in the other experiments were of a newer type.  
 
The higher yield of chlorinated dioxins/furans in the Br-FR sofa room test might be 
explained by an inhibited combustion compared to the other room fires.   
 
Also in the room fire test the ash analysis results are uncertain due to the ash sampling 
method, i.e. randomly picking out small samples from the room. 
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The TCDD equivalents calculated from these tests are in agreement with the levels 
obtained in the TV case study2, in the sofa room test the levels where in total 1-14 µg 
while they were 2.9-6.5 µg in the TV-case study. 
 
 
4.5 LCA-input 
 
LCA input based on fire experiments is difficult to define at best. In this case study our 
aim was to use emission data from the sofa fires as input for the secondary and primary 
sofa fires. In the case of dioxin and furan emissions in the UK cases, however, the total 
production in the room experiments was less than in the corresponding sofa experiments 
which indicates that the UK Sofa fires did not truly reflect a Secondary sofa fire. This is 
due to the fact that the conditions in the fire tests on the UK sofas did not mimic the con-
ditions of these sofas burning in a flashed over room where the temperature is high and 
thus less dioxins and furans are produced. In the TV case study a similar problem was 
found and the Swedish TV was used as a model of the emissions for both TVs in secon-
dary fires.  
 
In this case, however it has been determined to use the emissions from the individual sofa 
fire tests for all species except dioxins, furans, PBDE and DBDE emissions. For these 
species the emissions from the room experiments have been used for secondary sofa fires. 
Since the chlorinated dioxins were about the same in all three room experiments it was 
decided that these were due to the room and not to the sofa. In some cases the emissions 
were in very close agreement with the emissions from the blank test. These emissions 
were set to zero. The non-FR room was the only room that gave any brominated dioxins, 
the Br-FR room only gave brominated furans. It is believed that the brominated dioxins in 
the non-FR case were caused by the old books used in that experiment and therefore the 
brominated dioxin emissions were set to 0 as in the P-FR and Br-FR room so as not to 
skew the results unnecessarily. 
 
In the LCA analysis the dioxins and furans are represented as TCDD and TBDD equiva-
lents. The TCDD equivalent are calculated according to ITEq. The TBDD equivalent is 
calculated based on contributions from both dibenzodioxins and furans and are based on 
the TCDD factors for the chlorinated equivalent. This is based on the assumption that the 
relative toxicity of the brominated dibenzodioxins and furans is the same as that for the 
chlorinated equivalent. In lieu of full data this should be a reasonable assumption. 
 
 
4.6 References
 
1 CBUF Fire Safety of Upholstered Furniture – the final report on the CBUF research programme. 
EUR 16477 EN, Ed Björn Sundström 
2 Simonson, M., Blomqvist, P., Boldizar, A., Möller, K., Rosell, L., Tullin, C., Stripple, H. and 
Sundqvist, J.O., "Fire-LCA Model: TV Case Study" SP Report 200:13, ISBN 91-7848-811-7, 
2000 
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5 Fire-LCA Model – Results 
 
All the results refer to an analysis of 1 million sofas. The LCA model was run using the 
"10 year" fire model described in Chapter 3. In addition, the "15 year" and "10 year con-
fined to item" were run, as no major differences was observed when interpretating the 
results of  these three scenarios, these results are presented in appendix D. For the end of 
life scenarios it was assumed that 30 % of the sofas go to incineration, which should re-
flect the present or near future situation. Some of the sofas are involved in fires according 
to the fire statistics described in chapter 3. The remaining sofas are assumed to be land-
filled.  
 
In the case of a primary fire it is assumed that half the mass of the sofa is consumed. For 
small fires it is assumed that no mass of the sofa is consumed and thus no emission from 
the fire itself originates from the small fires. For the secondary fires it is assumed that 90 
% of the sofa is consumed in the fire. In all cases it is assumed that half of the material is 
replaced to reflect that the sofa fire occurs in the middle of its lifetime on average.  
 
The results are presented as a comparison between the non-FR treated and the FR treated 
cases for some of the emissions included in the Fire-LCA model. Most of the diagrams 
are constructed in order to facilitate easy recognition of which module of the Fire-LCA 
model that contributes most to the emission. In these diagrams the model parts are shown 
as labels. Note that the flame retardant production is shown separately and thus not in-
cluded in the furniture production. A few other diagrams focus on the different types of 
emissions within the same family, i.e. different types of energy, different Phosphorous 
emissions etc. 
 
All emissions in the diagrams are expressed as emissions/ 1 million sofas/lifetime.The 
emission data presented is mainly emission data to air. In many cases emissions to water 
or soil are also included in the model. This is, however, not presented for the sake of 
brevity. Indeed, the species selected for presentation are mainly species measured in the 
fires.  
 
Most of the results are based on calculations using input from the measured fire emissions 
with a few exceptions. For Phosphorous emissions the values presented are based on 
calculated values rather then measured values. The measured phosphorous emissions 
were very low. Phosphorous was mainly found in the ash. The ash sampling was, how-
ever, not very accurate and therefore the calculated emissions were deemed more reliable 
than the measured Phosphorous emissions. In contrast the HCl emissions in the experi-
ments were unexpectedly high. The reason for this was later found to probably be due to 
the adhesive used in the Sofa. The results for the HCl emissions are presented based both 
on measured and calculated values. The measured HBr values were unexpectedly low in 
the Br-FR sofa fire. Therefore the diagrams presented for HBr are based on the calculated 
values. The CO2 Fossil is based on calculated values as well since most of the CO2 Fossil 
originates from sources other than the fire. 
 
 
5.1 10 year model. 
 
The results achieved by using the fire model in chapter 3.1 i.e. the 10 year life time model 
on the non-FR and the two FR treated sofas are presented in Figure 12 - Figure 26.  
 
From Figure 12 and Figure 13 it is seen that the energy resources needed are slightly 
higher for the FR treated cases than for the non-FR treated case. The same is true for the 
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CO2 emissions. Most of the emissions are due to the Furniture production as seen in 
Figure 13. A significant amount of energy - “crude oil gain” - can however be recovered 
if the energy from the incineration can be used e.g. for district heating even in this case 
where only 30 % of the used sofas are send to incineration. 
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Figure 12.  Energy Resource use for the non-FR and FR treated cases. 
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Figure 13.  CO2 Fossil for the different modules and cases of the LCA model. 

CO emissions are slightly higher for the non-FR treated cases while it is the other way 
around for NOx as seen in Figure 14 - Figure 15. In both cases the furniture production 
causes the largest emissions. The NOX emissions can be reduced by about 6 to 7 % if the 
incineration heat can be used. 
 
For HCN and PAH the emissions are much higher for the non-FR treated case as can be 
seen in Figure 16 and Figure 17, this is due to the higher number of fires that these sofas 
causes. For the PAH emissions the emission from the fires and the Furniture production 
are of the same order of magnitude for the FR treated cases, while the emissions from the 
fires dominates the emissions in the non-FR treated case.   
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Figure 14.  CO for the different modules and cases of the LCA model. 
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Figure 15.  NOx for the different modules and cases of the LCA model. 
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Figure 16.  HCN for the different modules and cases of the LCA model. 
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Figure 17.  PAH for the different modules and cases of the LCA model. 

 
Calculated HCl emissions to air excluding the adhesive used in the sofa are presented in 
Figure 18 while the results using the measured HCl fire emissions are presented in Figure 
19. Please note that the production of the chlorine containing adhesive, incineration of the 
adhesive etc. is not included in the LCA model since the data for that is not known for the 
project. However, the adhesive used is of the same kind and amount in all three cases and 
therefore add up equal amounts on incineration and furniture production in the three 
cases. The HCl emissions to air are calculated assuming that all Chlorine in the sofas is 
emitted as HCl in the case of a fire, 3% of the HCl formed in incineration is emitted to air 
and the HCl emitted from the furniture production is mainly based on emission data for 
production of different materials such as polyol, polyester and toluene diisocyanate 
(TDI). Figure 18 and Figure 19 show that most of the HCl emissions are due to the 
incineration for the FR treated case. For the non-FR Sofa the emissions are mainly due to 
the Furniture production. The total HCl emissions are higher for the FR treated cases. 
Please note that the diagrams do not include the emissions to water. These amount to 
3400-4700 kg for the FR treated cases, all originating from the landfill without the 
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adhesive which is in excess of the total calculated HCl emissions to air. The non-FR case 
gives no HCl emissions to water when the adhesive is excluded in the model.  
 
For the TCDD and TBDD equivalents emissions, those from the FR treated sofas are 
higher than those from the non-FR treated sofa. Most of the TCDD equivalent is due to 
the incineration for the P-FR case while the emissions from the fires contribute more for 
the Br-FR case. Incineration causes some TBDD equivalents emissions in the Br-FR case, 
the major emissions originate, however, from the fires. 
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Figure 18.  HCl emissions to air based on calculated values for the different cases of the 

LCA model. 
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Figure 19.  HCl emissions to air using the measured fire values for the three different 

cases. 
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Figure 20.  The TCDD equivalent for the different modules and cases of the LCA model. 
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Figure 21.  The TBDD equivalent for the different modules of the LCA model. 

 
As expected it is only the Br-FR treated case that results in any Antimony, HBr and 
PBDE emissions to air as can be seen in Figure 22- Figure 24. The major part of the HBr 
emissions to air originate from the incineration, the fire part is only 1 or 2 % . This means 
that using the calculated rather than the measured HBr values had very little influence on 
the HBr result. The major source for the Antimony emissions is the incineration with fires 
in second place and a small amount from the FR production. For the Polybrominated 
diphenyl ethers the emissions consist mainly of deca-BDE.  
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Figure 22.  Antimony, Sb emissions to air for the different modules of the LCA model. 
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Figure 23.  HBr emission for the three different cases. 

 
The amount of VOC and HC emissions are similar for all three cases. For phosphorus 
emissions the emissions are somewhat higher for the P-FR treated case as expected. 
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Figure 24.  The PBDE emissions for the FR and Non-FR treated case. 
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Figure 25.  HC and VOC emissions. 
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Figure 26.  P emissions for the FR and non-FR treated cases. 

 
5.2 Changing the fire model 
 
The results of the LCA analysis using the fire models presented in Chapter 3.2 and 3.3 are 
presented in Appendix D. Studying these graphs together with Figure 12- Figure 26 
shows that changing the fire model affects the total emissions of CO2, CO and NOx to a 
very limited extent i.e. less than 1 %. Changing the fire model from "10 year" to " 10 year 
confined to item" resulted in changes up to 7% for the HCN, PAH, HCl, TCDD, TBDD 
and Sb ( 7% decrease for the HCN in the non-FR case). Using the 15 year model resulted 
in a larger impact, here the TBDD emissions were doubled for the Br-FR treated case. 
However, the ratio between the FR-treated cases and the non-FR treated case is not 
affected very much which is seen in Table 20 which implies that the overall conclusions 
when comparing non-FR treated with FR treated sofas will be the same irrespective 
which fire model is used. 
 
Table 20.  Ratio between FR treated cases and non-FR treated case for the different fire 

models 

 P-FR/Non-FR Br-FR/Non-FR 
 "10year" "confined 

to item" 
"15 year" "10year" "confined 

to item" 
"15 year" 

CO2 1.116 1.116 1.115 1.144 1.144 1.143 
CO 0.965 0.967 0.962 0.972 0.975 0.971 
NOx 1.062 1.062 1.061 1.07 1.07 1.07 
HCN 0.013 0.014 0.021 0.174 0.186 0.247 
PAH 0.044 0.047 0.052 0.055 0.059 0.068 
HCl 2.614 2.616 2.734 3.154 3.156 3.316 
TCDD 10.116 10.612 8.616 42.464 44.544 46.258 
 
Assuming that the increase in “confined to item” is solely due to other factors than the 
stricter Fire Regulations influences the non-FR treated case more, i.e. the fire emissions 
decrease for the non-FR treated sofas. 
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Changing the life time from 10 to 15 years results in a lower market penetration of the FR 
treated furniture, which results in a larger amount of fires in the FR treated furniture and 
thus the emissions from the fire modules in the LCA model increases for the FR treated 
sofas. 
 
 
5.3 Valuation 
 
When evaluating the two choices, non-FR versus FR treated one should take into account 
the entire range of emissions including toxic environmental pollutants. There is presently 
no evaluation method for LCA analyses available that covers the whole range of species 
monitored in this study, i.e. PAH, Dioxins, Furans etc. However, since the fire model 
described in Chapter 3 covers an entire population of furniture over the projected life-
times of 10 or 15 years together with the statistical distribution of the likely fire scenarios, 
the approach described below has been used as the basis of comparison between PAH and 
chlorinated dioxin and furan emissions. 
 
A model is available for the comparison of different pollutants based on the assignment 
of “Unit Risk Factors” (URF) which have been defined according to epidemiological 
studies1. Using this “unit risk” model one can compare the risk that a person exposed to 
the same quantity of different substances over his/her lifetime would have to develop 
cancer. Although this model is not directly applicable to the Fire-LCA study conducted 
here it does provide a method by which the PAH and PCDD/F emissions can be reduced 
to a common denominator in order to make a coarse comparison between their relative 
importance. This relative importance is of interest due to the fact that TCDD/TBDD 
equivalents typically receive most attention as environmental toxins while, in this specific 
application of the Fire-LCA model, we propose that PAH actually pose the greatest envi-
ronmental danger.  
 
One should, further, keep in mind that while the LCA model is based on information from 
single fire experiments the emissions results are actually not point emissions but total 
emissions over the whole 10-15 year life cycle of one million sofas. Thus the application 
of a general exposure model is not entirely inappropriate. 
 
The application of the model requires that the PAH emissions be reduced to a single 
toxicity equivalence factor in essentially the same manner as for the TCDD and TBDD 
equivalents. In the case of PAH the most toxic species to which all other species are 
reduced is benzo(a)pyrene, or BaP2. This species has been defined as the most toxic 
species and assigned a toxic equivalence factor of 1 in the same way that 2378-tetrachloro 
dibenzodioxin is defined as the most toxic of the polychlorinated dibenzodioxins and 
furans. All other species are then assigned toxic equivalence factors relative to BaP, 
allowing the calculation of BaP-equivalents. BaP is 20 times less carcinogenic than the 
specie TCDD, the unit risk factor is 0.07 µg/m3 for BaP and 1.4  µg/m3 for TCDD (the 
specie). 
 
In application of the URF model one must use BaP and TCDD equivalents. Throughout 
the LCA model we only have full PAH information available from the fire experiments.  
A reduction of the amounts of the various PAH emitted from our room fire experiments, 
however, indicate that the BaP-equivalent of our room fire gases is approximately 3% of 
all the PAH emissions. Thus, the BaP-equivalents for the full LCA models have been 
estimated as 3% of the total PAH production. 
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Table 21. Cancer risk due to PAH and PCDD/F emissions for the 10 year model. 

Species Non-FR P-FR Br-FR 
BaP equivalent 8.1 0.35 0.45 
TCDD equivalent 5.5 x 10-7 55.7 x 10-7 234 x 10-7 
Cancer risk BaP1 0.57 0.024 0.031 
Cancer risk TCDD1 7.7 x 10-7 78 x 10-7 328 x 10-7 
Cancer risk factor2 734000 3140 951 
Sum cancer risk3 0.57 0.024 0.031 
1 Unit risk factor x equivalent 
2 Cancer risk BaP/Cancer risk TCDD 
3 Cancer risk BaP + Cancer risk TCDD  
 
Based on the toxicity analysis presented in Table 21 it is clear that the PAH emissions 
from the whole life-cycle of one million sofas represent a considerable greater cancer risk 
than that of dioxins and furans. This is in agreement with the data presented for the Fire-
LCA TV Case Study. 
 
The emission levels of dioxins from the sofas are low compared to background levels. 
The TCDD-equivalent emissions for the Br-FR case in this study are 23.4 mg per million 
sofas during their life cycle of 10 years. This corresponds to 2.3 mg per year. This should 
be compared with the amount of chlorinated dibenzodioxins from all sources in UK 
which was 3 870 g in 19893. With 23.9 million households and 2 sofas per household the 
emissions from the sofas amount to 112 mg, which equals 0.003 % of the total emissions. 
 
 
5.4 References
 
1 Spindler, E.J., "Soot from fires – A risk assessment" Chemische Technik, 49(4), pp 193-196 
(1977). Available in German only. 
2 Nisbet, I. And  LaGoy P., "Toxic Equivalence Factors (TEFs) for Polycyclic Aromatic 
Hydrocarbons (PAHs), Regulatory toxicology and pharmacology, 16, pp 290-300, (1992) 
3 "Expertise on the Measurement and Control of Dioxins", CEE 1991. 
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6 Conclusions  
 
The Fire-LCA model has been applied to furniture in order to compare a non-FR treated 
sofa with two different FR treated sofas. Three different sofas were used in this model: a 
commercially available model of sofa as sold in mainland Europe, that is without FR 
treatment, a UK sofa of the same model with a TCPP-melamine foam and P-FR treated 
covering, and a UK sofa of the same model with a TCPP-melamine foam and covering 
back-coated with a Br-FR formulation. All materials in the sofas were identical except for 
the foam and covering. The foam in the two “UK” model sofas was identical. The sofas 
of type "Klippan" were custom made for this project at the IKEA workshop. The covering 
of the European sofa was cigarette but not match resistant while the UK coverings met 
the requirements of BS 5852 Part 1:1979. The foam in the UK Sofas met the Furniture 
and Furnishings fire safety regulations 1988 i.e. it could not be ignited by a crib 5. 
 
One should note that all results are specific to the materials in these sofas and would 
change if the materials were changed, for example an alternative choice of filling material 
or sofa construction would have repercussions for the sofa production module and poten-
tially for the fire emissions. Further, definition of scope and boundary conditions for the 
model impacts on the final results. Rational has been provided for all choices in the study 
in the hope that a judicious reader might take this into consideration. 
 
The energy consumption and a large number of species have been studied. These species 
include CO2, CO, NOx, HCN, PAH, HCl, TCDD and TBDD equivalents, Sb, PBDEs, HC 
and VOC, HBr and P. 
 
Full Scale fire experiments were run to provide input to the model. The experiments 
included full scale sofa and room burns where several different emissions, such as VOC, 
PAH, Dioxins, Furans, polybrominated diphenyl ethers etc were measured. 
 
Three different fire models have been used in the comparisons between the FR treated 
and non-FR treated sofas. The fire models are based on statistics from Sweden and the 
UK. The first two fire models were defined from the statistics assuming that the changes 
in the UK statistics since the introduction of more stringent fire performance require-
ments in the UK in 1988 was due to the introduction of flame retardant materials and that 
the sofas had: a) a life time of 10 years, or b) a life time of 15 years. The third fire model 
was defined by assuming that the observed trend in the UK towards fires not spreading 
beyond the first item ignited is due to influences other than flame retardancy of the 
furniture (eg. increased use of smoke detectors) and a 10 year life time. Changing the fire 
model had little influence on the results thus demonstrating the robustness of the fire-
LCA model.  
 
For the end of life scenarios it was assumed that 30 % of the sofas go to incineration 
which should reflect the present or near future situation. Some of the sofas are involved in 
fires according to the fire statistics. The remaining sofas are assumed to be landfilled. 
 
The major conclusions from the study are: 
 

• The addition of flame retardants to meet the UK furniture fire safety requirements 
resulted in a sofa with significantly improved resistance to ignition and flame 
spread 

 
• The major part of the NOx, CO and CO2 emissions was due to the furniture 

production while the fires were responsible for the major part of the HCN, PAH, 
PCDD/F and PBDD/F emissions. 
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• The emission levels were about the same for the CO and NOx for the non-FR and 
FR treated cases. The CO emissions were 1-5 % lower for the FR treated cases 
than for the non-FR treated case due to the smaller amount of fires that these 
sofas are invlovled while the NOx emission were 5-10% higher for the FR treated 
cases due to the FR production and incineration. 

 
• The energy consumption and CO2 emissions were slightly larger for the FR 

treated cases. The CO2 emission were 10-15% higher for the FR treated cases due 
to the energy consumption in the FR production.  

 
• The non-FR treated case gave higher HCNi and PAH emissions due to the larger 

number of fires that these sofas are involved in. The HCN emission for the non-
FR treated case was 4-80 times the emissions from the FR treated cases. For PAH 
the emissions from the non-FR treated case were 10-25 times the amount of PAH 
emissions from the FR treated cases. 

 
• The TCDD and TBDD equivalents were higher for the FR treated cases. The 

TCDD emissions for the FR treated cases were 8-50 times the TCDD emissions 
from the non-FR treated case, further the HCl emissions were 1.5 - 4 times higher 
for the FR treated cases than for the non-FR treated case. 

 
• A true estimate of the environmental impact of the adoption of high fire perform-

ance material, in a product that is often involved in a fire, cannot be made without 
the inclusion of the emissions associated with a fire. In the case of certain key 
species (e.g. PAH, dioxins) fire emissions are a significant part of the total envi-
ronmental impact. 

 
Ideally, when evaluating the environmental and societal impact of the choices made to 
adopt a high level of fire safety one should include all the emissions presented in this 
report. Currently no agreed evaluation method to take into account and compare all the 
different emissions using the Fire-LCA Model exists. However the following general 
observations can be made: 
 

• Controlling the ignitibility and growth of fires in furniture has a major effect on 
reducing toxic environmental pollutants such as PAH. 

 
• Since the non-FR sofa did not contain significant amounts of halogen additives 

(trace amounts were present in some components and larger amounts in the 
adhesive used) much lower amounts of halogenated species (TCDD and TBDD 
equivalents) were emitted from this sofa during its life cycle. However, in con-
trast, the non-FR sofa did emit much greater amounts of PAHs than either of the 
FR treated sofas. 
 

• Applying the ‘Unit Risk Model’ enables an indication of the relative importance 
of these two classes of toxic environmental pollutants to be obtained. This model 
compares the potential cancer risks due to chlorinated dioxins and furans to that 
from PAHs. Using this model one can see that: 

• The PAH emissions pose a far greater cancer risk than the PCDD/F 
emissions for all the three different sofa constructions considered. 

                                                      
i HCN is not significant from an LCA perspective as emissions are low compared to other 
sources2 but is included in the analysis since it is a very toxic substance that is considered to 
cause a lot of deaths in fire situations3.  
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• There is a significantly greater cancer risk due to PAH and TCDD 
emissions from the non-FR sofa than from either of the FR treated sofas. 

 
Finally, the number of lives saved due to the better fire performance of the FR treated 
sofas is not included in the LCA model. The DTI1 investigation of the effect of the 1988 
furniture legislation indicates that the number of lives saved in UK since the introduction 
of the stricter Fire Regulations was between 970 and 1860 in 1997. They estimate that the 
number of lives saved annually will be between 10-15 per million people when all furni-
ture has been replaced with FR treated furniture. Similarly, the same study estimated the 
number of injuries saved annually to be 110 per million of the population. In a complete 
analysis of the risks and benefits associated with any method used to create a high level 
of fire safety this should also be taken into account. 
 
 
 
6.1 References 
 
 
1 Effectiveness of the Furniture and Furnishings (Fire) (Safety) Regulations 1988, Government 
Consumer Safety Research, DTI, June 2000 
2 Persson, B., Simonson, M., ”Emissions from Fires to the Atmosphere”, Fire Tech. 1998 Vol. 34, 
No. 3, pp. 266-279 
3 Simonson M, Tuovinen H, Emanuelsson V, " Formation of Hydrogen Cyanide in Fires" SP 
Report 2000:27 
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Appendix A – Fire Experiments 
 
 
Sofa trials 
 
The sofa trials are described below. 
 
"Sofa1"  
Ignition test on non-FR sofa. Experiment conducted 020530. No measurements were 
made. Video recording. 
First attempt, lighter 20 s ⇒ ignition, manual extinguishment with water after a while,  
Second attempt, lighter 20 s ⇒ ignition, manual extinguishment with water after a while, 
Third attempt, lighter 15 s ⇒ ignition, manual extinguishment with water after a while, 
Fourth attempt, crib 4 ⇒ ignition, manual extinguishment with water after a while. 
 
"Sofa2"  
Ignition test on UK sofa with P-FR treated fabric. Experiment conducted 020530. No 
measurements were made. Video recording. 
First attempt, lighter 20 s ⇒ no ignition,  
Second attempt, crib 4 ⇒ no ignition, 
Third attempt, crib 5 ⇒  no ignition,  
Fourth attempt, crib 6 ⇒ small smouldering fire, 
Fifth attempt, crib 7 ⇒ smouldering fire and some flames but not enough to burn the 
entire sofa, 
Sixth attempt, CBUF burner 30 kW for 5 minutes ⇒ ignition. 
 
"Sofa3" 
HRR-measurement on non-FR sofa. Experiment conducted 020530. Pre-measuring time 2 
minutes, the FTIR measurement was started at the same time as the HRR measurement. 
The weight of the sofa was 144.0-87.6 = 56.4 kg. The first attempt to ignite using a 
lighter for 15 s failed due to shaking hand. The second attempt with 15 s at time 3 
minutes succeeded. Experiment ended at time 1.11.47, weight at that time was 91.5 kg  
Video recording. Observations made during the test are presented in Table 22. 
 
Table 22. Observations made during test Sofa3 

Time Observation 
2 minutes Ignition failed due to shaking hand 
3 minutes Ignition 
10 minutes The fire spreads rapidly along armrest 
12 minutes 55 seconds Smoke coming out underneath sofa 
14 minutes 30 seconds Increased speed on exhaust fan 
15 minutes Backrest burns 
15 minutes 25 s Hole through armrest 
1 hour 11 minutes 47 seconds Experiment ended, weight 91.5 kg 
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Figure 27. Heat Release Rate during the Sofa3 test. Time 0 is at ignition. 
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Figure 28. CO2 emissions during the Sofa3 test. Time 0 is at ignition. 
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Figure 29. CO emissions in the Sofa3 test. Time 0 is at ignition. 

 
"Sofa4" 
HRR-measurement on UK sofa with P-FR treated fabric. Experiment conducted 020531. 
Pre-measuring time 2 minutes, the FTIR measurement was started at the same time as the 
HRR measurement. The weight of the sofa was 141.9-83.7 = 58.2 kg. Ignition source 
used was the CBUF burner for 12 minutes. Experiment ended at time 1.07, weight at that 
time was 89.4 kg. Video recording. Observations made during the test are presented in 
Table 23.  
 
Table 23. Observations during Sofa4. Time values can be around 2 minutes wrong due to 

problems with stopwatch. 

Time  Observation 
2 minutes Ignition of CBUF burner 
10 minutes Almost a hole through the armrest 
14 minutes CBUF burner turned off 
17 minutes Burning droplets under sofa 
20 minutes Front burns 
28 minutes A banging sound 
31 minutes Small flames underneath entire sofa 
45 minutes 40 seconds Last armrest starts to fall together 
46 minutes 15 seconds Falls more together 
1 hour 7 minutes Experiment ended, weight 89.4 kg 
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Figure 30. Heat Release Rate during the Sofa4 test corrected for the CBUF burner. Time 0 is 
at ignition. 
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Figure 31. CO2 emissions during the Sofa4 test. Time 0 is at ignition. 
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Figure 32. CO emissions in the Sofa4 test. Time 0 is at ignition. 

 
"Blank" 
Propane burner. The experiment was conducted 020603. Pre-measuring time 1 minute, 
FTIR measurement started at the same time as the HRR measurement. Chemical 
measurement was turned on between 1 minute and 1.28 minutes. The burner was turned 
on at 1 minute and 28 seconds. At 6.15 the propane rate was increased to 72 skd = 200 
kW. The burner was turned off at 31 minutes. HRR measurements stopped at 35 minutes, 
FTIR measurements were stopped at 36 minutes and the chemical analyses sampling at 
41.30. 
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Figure 33. Heat Release Rate in the Blank test. Time 0 is at ignition. 
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Figure 34. CO2 emissions during the Blank test. Time 0 is at ignition. 
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Figure 35. CO emissions during the Blank test. Time 0 is at ignition. 

 
"Sofa5" 
Chemical analyses and HRR-measurement on non-FR sofa. Experiment conducted 
020603. Pre-measuring time 1 minute, the FTIR and chemical sampling was started at the 
same time as the HRR measurement. The weight of the sofa was 139.7-84 = 55.7 kg. 
The first attempt to ignite using a lighter for 15 s at 1 minute failed. The second attempt 
with 15 s at time 2 minutes succeeded. Video recording. An ash sample was collected. 
Weights used for yields for FTIR 48.8 kg and 47.6 kg for chemical analyses. Observa-
tions made during the test are presented in Table 24. 
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Table 24. Observations made during the Sofa5 test 

Time Observations 
1 minute Ignition attempt 15 s utility lighter failed 
2 minutes Ignition with utility lighter for 15 s. 
4 minutes 20 seconds Glowing is seen under the fabric 
4 minutes 50 seconds Fabric cracks 
6 minutes Seat burns 
12 minutes 50 seconds Flame puff 
16 minutes Smoke from second armrest 
16 minutes 20 seconds Outside of first armrest burns 
19 minutes 48 seconds Second armrest glows 
20 minutes Second armrest burns 
30 minutes 30 seconds Starts falling together 
46 minutes 30 seconds chemical sampling ended, weight 92.1 kg 
50 minutes HRR and FTIR ended, weight 90.9 kg. 
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Figure 36. Heat Release Rate in the Sofa5 test. Time 0 is at ignition. 
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Figure 37. CO2 emissions during the Sofa5 test. Time 0 is at ignition. 
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Figure 38. CO emissions during the Sofa5 test. Time 0 is at ignition. 
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Figure 39. Mass lost during the Sofa5 test. Time 0 is at ignition. 

 
"Sofa6" 
Chemical analyses and HRR-measurement on UK sofa with P-FR treated fabric. Experi-
ment conducted 020604. Pre-measuring time 1 minute, the FTIR measurement was 
started at the same time as the HRR measurement. Chemical sampling started between 1 
and 1.30. Ignition started at 2 minutes. The weight of the sofa was 140.6-83.7 = 56.9 kg. 
Ignition source CBUF burner for 10 minutes in one corner and then 5 minutes in the other 
corner. Video recording. An ash sample was collected. Weights used for yields for FTIR 
49.9 kg and 49.2 kg for chemical analyses. 
 
Table 25. Observations made during the Sofa6 test. 

Time Observations 
2 minutes Ignition 
10 minutes A lot of smoke comes out of armrest 
12 minutes CBUF burner moved to the other corner 
17 minutes CBUF burner turned off and removed 
23 minutes 30 seconds Lots of burning droplets underneath sofa 
46 minutes End of chemical sampling, weight 91.4 kg 
 End of FTIR and HRR, weight 90.7 kg 
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Figure 40  Heat Release Rate corrected for the CBUF burner in the Sofa6 test. Time 0 is at 
ignition. 
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Figure 41.  CO2 emissions during the Sofa6 test. Time 0 is at ignition. 
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Figure 42  CO emissions during the Sofa6 test. Time 0 is at ignition. 
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Figure 43  Mass lost during the Sofa6 test. Time 0 is at ignition. 

 
"Sofa7"  
Ignition test on UK sofa with Br-FR treated fabric. Experiment conducted 020604. No 
measurements were made. Video recording. 
First attempt, lighter 20 s ⇒ no ignition,  
Second attempt, crib 4 ⇒ no ignition, fabric cracked after 2 minutes, the crib extinguishes 
at time 3.25, test is ended at 4.15 with water  
Third attempt, crib 5 ⇒  no ignition, fabric cracked after 2 minutes, flames from crib and 
after 3 minutes, test is ended after 4minutes with water.  
Fourth attempt, crib 6 ⇒ fabric cracks, fire at 4.20, fires goes out at 6.50 
Fifth attempt, crib 7 ⇒ fire at 3.30 and smoke from armrest. Fire decreases at 4.20 but 
increases again and is spreading at 8.10 
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"Sofa8" 
Chemical analyses and HRR-measurement on UK sofa with Br-FR treated fabric. 
Experiment conducted 020604. Video recording. An ash sample was collected. Weights 
used for yields for FTIR 49.7 kg and 49.0 kg for chemical analyses. Pre-measuring time 1 
minute, the FTIR measurement was started at the same time as the HRR measurement. 
Chemical sampling starting between 1 and 1.30. The weight of the sofa was 141.44-84.16 
= 57.3 kg. 
Ignition started at 2 minutes. Ignition source CBUF burner for 5 minutes in one corner 
and then 2.5 minutes in the other corner. 
 
Table 26. Observations made during test Sofa8. 

Time Observation 
2 minutes Ignition with CBUF burner 
7 minutes Moving the CBUF burner to the other corner 
9 minutes 30 seconds Turn off and remove the CBUF burner 
 "Seems like the FR has jumped over to the interliner, the 

light fabric was intact when the black fabric has burnt 
away." 

37 Minutes End of chemical sampling, weight 92.4 kg 
40 minutes End of FTIR and HRR, weight 91.7 kg 
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Figure 44  Heat Release Rate corrected for the CBUF burner in the Sofa8 test. Time 0 is at 
ignition. 
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Figure 45.  CO2 emissions during the Sofa8 test. Time 0 is at ignition. 
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Figure 46  CO emissions during the Sofa8 test. Time 0 is at ignition. 

 
"Sofa7b" 
Ignition test on UK sofa with Br-FR treated fabric. Experiment conducted 030206. 
First attempt, lighter 20 s ⇒ Self-extinguished a few seconds after removal of flame. 
Second attempt, lighter 20 s ⇒ No ignition. 
Third attempt, crib 4 ⇒ 1 minute and 15 seconds fire starts to decrease, 2 minutes and 10 
seconds crib extinguished, fabric cracks, 3 minutes 39 seconds, all flames are self extin-
guished. 
Fourth attempt, crib 5 ⇒ 1 minute 54 seconds crib falls together, 2 minutes 30 seconds 
fabric cracks, 3 minutes 5 seconds all self-extinguished. 
Fifth attempt, crib 6 ⇒ 3 and a half minute, big crack in fabric, 5 and a half minute 
flames from inside sofa, 6 and a half minutes, self extinguished. 
Sixth attempt, crib 7 ⇒ 3 minutes smoke from armrest, 4 minutes big hole visible 
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5 minutes 40 seconds crib is consumed, 7 minutes 50 seconds burns through, 9 minutes 
30 seconds extinguished with water. 
 
"Sofa8b" 
Chemical analyses and HRR-measurement on UK sofa with Br-FR treated fabric. 
Experiment conducted 030206. Weight before test 126.2 kg. Weight without sofa 67.2 kg 
⇒ Sofa weight 59 kg. Pre-measuring time 1 minute. FTIR and HRR measurements 
started at 1 minute. Chem.-measurements at 2 minutes. Start of fire at 2 minutes and 20 s 
due to problem with utility lighter. CBUF burner used for 10 minutes in first corner and 
then 5 minutes in second corner. Weight to use for calculations: 50.8 for FTIR and 51 for 
chem. 
 
Table 27. Observations made during test Sofa8b 

Time Observation 
2 minutes 20 seconds Ignition 
5 minutes 28 seconds Flakes flying 
7 minutes 37 seconds Fire increases 
8 minutes 20 seconds Smoke puffing out underneath sofa from the no burner side 
9 minutes Also the back side of the back rest burns 
9 minutes 30 seconds Hole through backrest. Lot of smoke from other armrest. 
12 minutes 20 seconds Moving burner to other side 
17 minutes 20 seconds Turning off burner 
18 minutes 20 seconds Part of fabric fell down 
24 minutes Pool fire underneath sofa 
50 minutes End of HRR and FTIR, weight 75.4 kg 
51 minutes End of sampling, weight 75.2 
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Figure 47.  Heat Release Rate corrected for the CBUF burner in the Sofa8b test. Time 0 is 
at ignition. 
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Figure 48.  CO2 emissions during the Sofa8b test. Time 0 is at ignition. 
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Figure 49  CO emissions during the Sofa8b test. Time 0 is at ignition. 
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Figure 50.  Mass lost during the Sofa6 test. Time 0 is at ignition. 

 
 
Room experiments 
 
Three room burns were conducted in order to measure the emissions when an entire room 
burns. The tests were video recorded. Before the test a blank test was made in order to 
measure the background levels for the chemical analysis. Each test is described below. 
 
All rooms contained the same furniture: 
1 Sofa "Klippan" 55 kg 
2 Armchairs "Malung", a' 15 kg, these were FR-treated  in the UK rooms 
1 Corner bookshelf "Billy" 50 kg 
3 Bookshelf "Billy" 3x37.6 kg 
Coffee table "Krokshult" 19.2 kg 
Carpet "Uldum" 2.3x 2.3 m 28.2 kg 
Curtains "Lenda" 4.6 kg 
TV 31.8 kg 
TV Furniture "Leksvik" 22 kg 
Newspaper collector "Funkis" 1.5 kg 
178 kg of books and newspaper, in the Swedish case the books were old, the books and 
paper were newer in the other two cases.  
 
"Blank-room" 
Propane burner on forklift. Experiment conducted at 020617. Pre-measuring time 1 
minute.  
The propane rate was increased until 150°C was reached in the duct, i.e. about 50 g/s of 
propane. After 1 minute of 150°C the rate was decreased so the temperature was about 
100°C, this level was reached after 2.5 minutes.  
After a total time of 31 minutes the fan speed was increased to the rate at which the full 
room burns would be conducted. The fans had reached this level at 34.15.  
Chemical sampling stopped at 40 minutes. 
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Figure 51.  Heat Release Rate during the Blank test. Time 0 is at ignition. 
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Figure 52.  CO2 emission during the Blank test. Time 0 is at ignition. 
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Figure 53.  CO emission during the Blank test. Time 0 is at ignition. 

 
Non-FR room 
Thermocouples placed at 0.15 x 0.15 from corner respectively 2.0x1.6 m from corner at 
same levels as in TV-case study. TC tree 1; TC1 2.20 m above floor, TC2 2.0 m, TC3 1.8, 
TC4 1.6, TC5 1.4, TC6 1.2, TC7 1.0, TC8 0.8, TC9 0.6, TC10 0.4 and TC11 0.2 m above 
floor. TC tree 2; TC12 2.20 m above floor, TC13 2.0, TC14 1.8, TC15 1.6, TC16 1.4, 
TC17 1.2, TC18 1.0 and  TC19 0.8 m above floor. 
 
1.5 kg of newspaper was put in the newspaper collector. All other books were placed in 
the bookshelves. A non-FR sofawas used. Experiment was conducted at 020617. Ignition 
in sofa for 20 s with lighter. 2 minutes of pre-measuring time. All measurements started at 
the same time. 
 
Table 28. Observations made during the non-FR room test. 

Time Observation 
2 minutes Ignition in sofa with utility lighter for 20 s 
4 minutes 50 seconds Rather large flames 
5 minutes 20 seconds Strange smoke puffs 
7 minutes 20 seconds Smelly smoke out of room 
9 minutes 18 seconds Flames in corner 
11 minutes 12 seconds Black smoke out of room 
11 minutes 30 seconds Flames from armrest 
12 minutes  Curtain burns 
12 minutes 15 seconds Flames in ceiling 
12 minutes 30 seconds Curtain falls down 
16 minutes 40 seconds Armchair burns 
17 minutes TV cracks 
17 minutes 10 seconds Carpet burns 
 Flashover 
18 minutes 50 seconds Large flames out of room 
24 minutes Smoke decreases 
52 minutes Measurements concluded 
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Figure 54.  Heat Release Rate in the non-FR room. Time 0 is at ignition. The dip in the 
curve is due to loss of power to some of the instruments. This did not effect the 
measurements. 
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Figure 55.  CO2 emissions in the non-FR room. Time 0 is at ignition. The dip in the curve is 
due to loss of power to some of the instruments. This did not effect the 
measurements. 
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Figure 56.  CO emissions in the non-FR room. Time 0 is at ignition. 

 
P-FR room 
Thermocouples placed at 0.15 x 0.15 from corner respectively 2.0x1.6 m from corner at 
same levels as in TV-case study and the Non-FR room test. 
 
4.1 kg of newspaper was placed in the newspaper collector. Some phone books were 
placed at the TV furniture, all other books were placed in the bookshelves. A UK sofa 
with a P-FR treated fabric was used. The xperiment was conducted at 020619. Ignition in 
TV with lighter for 1.5 minutes. 2 minutes of pre-measuring time. All measurements 
started at the same time (except  the HRR which started about 5 s early). 
 
Table 29.  Observations during P-FR room test 

Time Observation 
2 minutes – 3 minutes and 30 seconds Ignition in TV with utility lighter 
5 minutes A lot of smoke out of room 
5 minutes 38 seconds TV cracks 
6 minutes Burning pieces fall to the floor 
6 minutes 40 seconds Burning droplets falls on phone books 
9 minutes 25 seconds Glass pieces fall to floor 
9 minutes 40 seconds TV furniture burns 
10 minutes 40 seconds TV falls together 
22 minutes Also right hand side of TV furniture burns 
23 minutes Smoke from armchair 
25 minutes 30 seconds Bookshelf burns 
26 minutes Newspaper collector burns 
26 minutes 30 seconds Armchair burns 
27 minutes 25 seconds Carpet burns 
27 minutes 30 seconds Flashover 
62 minutes Measurements concluded 
 Extinguishment 
69 minutes HRR measurement ended 
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Figure 57.  Heat Release Rate in the P-FR room. Time 0 is at ignition. 
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Figure 58  CO2 emissions in the P-FR room. Time 0 is at ignition. 
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Figure 59.  CO emissions in the P-FR room. Time 0 is at ignition. 

 
Br-FR room 
Thermocouples placed at 0.15 x 0.15 from corner respectively 2.0x1.6 m from corner at 
same levels as in TV-case study and the other room tests. 
 
4.1 kg of newspaper was placed in the newspaper collector. Some phone books were 
placed at the TV furniture, all other books were placed in bookshelves. A UK sofa with a 
Br-FR treated fabric. The experiment was conducted at 020624. Ignition in TV with 
lighter for 1.5 minutes. 2 minutes of pre-measuring time. All measurements started at the 
same time. 
 
Table 30. Observations made during the Br-FR room test. 

Time Observation 
2 minutes – 3 minutes 30 seconds Ignition in TV with utility lighter 
 Black smoke from TV immediately. 
4 minutes 44 seconds Flames on back side 
5 minutes TV cracks, lot of smoke out of room 
6 minutes 25 seconds Burning droplet 
 TV leans 
7 minutes  Burning droplet to TV furniture 
9 minutes 44 seconds Front side of TV falls down to floor, causes 

maybe flames in carpet 
14 minutes 30 seconds Burning flakes from book shelf 
15 minutes 40-50 seconds Flashover 
17 minutes 30 seconds Large flames out of room 
20 minutes 30 seconds Table falls to floor 
23 minutes 55 seconds Clearer flames 
52 minutes Measurement concluded 
55 minutes Extinguishing 
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Figure 60.  Heat Release Rate in the Br-FR room. Time 0 is at ignition. 
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Figure 61.  CO2 emissions in the Br-FR room. Time 0 is at ignition. 
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Figure 62.  CO emissions in the Br-FR room. Time 0 is at ignition. 
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Appendix B – Chemical measurements  
 
The methods used for the measurements are summarised in Table 31, together with the 
analytical principles used. A more detailed description is then presented on most of the 
methods. The sampling principles are also shown in figure 1 and 2. 
 
Table 31 Chemical measurements 

Compound/ 
Group of 
compounds 

Collecting media  Eluent /sample 
preparation 

Principle  of 
detection and 
quantification 

VOCs   
(approx C5-C18) 

Tenax adsorbent 
tubes (Perking Elmer 
type) 

thermal desorption  GCFID/GCMS 

PAHs, PBDEs, 
PCDDs/Fs and 
PBDD/Fs  

Glass fibre filter 
+condenser+XAD-2 

toluene (filter and 
condenser), dichloro-
methane (XAD-2) 

GCMS 

    
Br, P and Sb 
species 

Gas washing bottles 
with 0.025 M NaOH 

- ICP-MS (for the total 
amount of each  
element) and IC (for 
selective ions)  

Br, P and Sb 
species on soot 

Ceramic filters Acidic extraction  ICP-MS 

    
CO2 , CO, HCl, 
HBr, HCN, NO, 
NO2 etc 

- - direct reading FTIR 
instrument  (4 cm-1 
resolution, 3 scan/ 
spectrum) 

 
 
VOLATILE ORGANIC COMPOUNDS (VOCs) 
 
Sampling: VOC measurements were performed by sampling on 200 mg Tenax adsorbent 
tubes (PE-type). Three adsorbent lines in parallel were used, using different sampling 
flows. Each had a backup sampling tube also containing Tenax to collect any break-
through of the most volatile compounds.  
 
Analysis: The adsorbents were analysed by thermal desorption (300ºC) and Gas 
Chromatography. The GC-system used a 60 m capillary column (CP-SIL5-CB), splitted 
for both FID and MS detection. The total amount of VOCs was calculated by integrating 
the time range of approx 8-38 min, which for aromatic substances corresponds to the 
molecular size of 75 to 150 m/z, thus including benzene and naphthalene. 
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POLYAROMATIC HYDROCARBONS  (PAH) 
 
Sampling: PAHs and other comparative large organic compounds were collected on a 
sampling system consisting of a heated glass fibre filter, condenser with a condensate 
bottle and an adsorbent cartridge containing XAD-2.  
 
Analysis:  The samples (filter, condensate and adsorbent) were prepared by using modi-
fied method US EPA 3580 "Waste dilution". The determination of Polyaromatic Hydro-
carbon (PAH) was performed using modified method US EPA 8270 "Semi volatile 
organic compounds by gas chromatography /mass spectrometry (GC/MS): Capillary 
column technique". Quantification was carried out according to internal standard method, 
which implicates that the results are compensated for losses due to sample preparation. 
 
Compounds included in method: m/z  
_________________________________________________________ 
(Naphthalene) 128    (naphthalene results excluded and presented            
  in the VOC part)  
Acenaphtylene 152  
Acenaphtene 154  
Fluorene 166  
Fenanthrene 178  
Anthracene 178  
Fluoranthene 202  
Pyrene 202  
Benzo(a)fluorene 216  
Benzo(b)fluorene 216  
Benzo(a)anthracene 228  
Chrysene/Triphenylene 228  
Benzo(b/j)fluoranthene 252  
Benzo(k)fluoranthene 252  
Benzo(e)pyrene 252  
Benzo(a)pyrene 252  
Perylene 252  
Indeno(1,2,3-cd)pyrene 276  
Benzo(g,h,i)perylene 276  
Dibenzo(a,h/a,c)anthracene 278   
Coronene 300  
 
 
POLYBROMINATED BIPHENYL ETHERS  (PBDEs)   
 
Sampling: same sampling system as for PAH  
 
Analysis: Analysis were performed by High Resolution Gas Chromatography and Mass 
Fragmentography using chemical ionisation and the detection of negative ions after 
preparation using sulphuric acid. Quantification is done by the external standard method.  
 
The results of analysis are compensated for losses due to extraction and purification. 
Compensation are done by adding 13C-labeled PCBs to samples before extraction. Tri-
brominated biphenyl ethers are compensated by the recovery of 13C-3,3´,4,4´,5-PnCB  
and tetra-, penta and hexabromated biphenyl ether compensated by the recovery of 13C-
3,3´,4,4´,5,5´-HxCB.  
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The following isomers are included in the PBDE analysis:  
2,2',4,4'-tetrabromo diphenyl ether, (#47) 
2,2',4,4',6-pentabromo diphenyl ether, (#100) 
2,2',4,4',5- pentabromo diphenyl ether, (#99) 
2,2',3,4,4'- pentabromo diphenyl ether, (#85) 
2,2',4,4',5,6'-hexabromo diphenyl ether (#154) 
2,2',4,4',5,5'- hexabromo diphenyl ether, (#153) 
2,2',3,4,4',5'- hexabromo diphenyl ether, (#138) 
Deca bromo diphenyl ether, (#209) 
 
 
POLYCHLORINATED DIBENZODIOXINS/DIBENZOFURANS (PCDD/F) 
 
Sampling. Same as PAH etc  
  
Method: The determination were performed using High Resolution Gas Chroma-
tography and Mass Fragmentography (HRGC/LRMS). The results of analysis have 
been compensated for losses due to extraction and purification. 

In analysis included substances:  

dioxins:  furans 
2378 TCDD  2378 TCDF  
Sum TCDD  Sum TCDF  

12378 PnCDD  12378 PnCDF  
Sum PnCDD  23478 PnCDF  
  Sum PnCDF  

123478 HxCDD    
123678 HxCDD  123478 HxCDF  
123789 HxCDD  123678 HxCDF  
Sum HxCDD  234678 HxCDF  
  123789 HxCDF  
1234678 HpCDD  Sum HxCDF  
Sum HpCDD    
  1234678 HpCDF  
OCDD  1234789 HpCDF  
  Sum HpCDF  
    
  OCDF  
 

TCDD-equivalents are presented according to I-TEQ  
 
The results have been compensated for recovery of internal standards according to the 
following table: 
 
TCDD to the internal standard 13C 2378 TCDD 
TCDF to the internal standard 13C 2378 TCDF 
PnCDD, PnCDF to the internal standard 13C 12378 PnCDD 
HxCDD, HxCDF to the internal standard 13C 123678 HxCDD 
HpCDD, HpCDF to the internal standard 13C OCDD 
OCDD, OCDF to the internal standard 13C OCDD 
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POLYBROMINATED DIBENZODIOXINS/DIBENZOFURANS (PBDD/F) 
 
Sampling. Same as PAH etc  

 Method: The determination were performed using High Resolution Gas Chroma-
tography and Mass Fragmentography (HRGC/LRMS). The results of analysis have 
been compensated for losses due to extraction and purification.  

In analysis included substances/group of substances: 

dioxins:   
2378 TBDD, 12378 PnBDD, 123478/123678 HxBDD,  123789 HxBDD 
 
furans 
2378 TBDF, Sum TBDF, 12378 PnBDF, 23478 PnBDF, Sum PnBDF, 123478 HxBDF, 
Sum HxBDF,  1234678 HpBDF,  Sum HpBDF  
 
 

Figure 1.  Sampling in the Sofa trials. 
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Figure 2.  Sampling in Room Experiments 
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Appendix C – Life Cycle Inventory Data (LCI) 
 
 
1. Overview 
 
In this life cycle inventory data chapter, the different data modules in the models are de-
scribed and defined. The inventory description is organised in 9 different sections: 
 
• Specification of the furniture 
• Materials 
• Replacement if burned material 
• Waste handling 
• Fire 
• Electric power production 
• Transport 
• Fuel production - precombustion 
• Energy production and recovery 
 
The different chapters represent different parts of the model. All chapters except the 
Material chapter contain a complete description of all modules in the model. Due to 
confidentiality restrictions concerning the composition of the flame-retardants only a 
general description of those materials can be found here. The models contain however a 
complete data set for all the flame-retardants including the production chain of the 
materials.  
 
 
2. Specification of the furniture 
 
Sofa materials and production 
 
The sofa production module contains a specification of all the materials in the sofa and an 
estimation of the energy use in the production of the sofa. The materials and energy data 
are shown in Table 33. The sofa used in the model is an IKEA produced sofa with a 
wooden frame and Bonell springs wrapped in felt liner. The sofa is manufactured with 
polyurethane foam, polyester fibre wadding and covered with two layers of fabric, a base 
cover and a decorative cover. The material composition is described in Table 32. 
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Table 32 Material description and specifications.  

Material Composition 
Alme black fabric Loose cover. The fabric is made of 100 % cotton. The fabric can either be 

flame retarded with Br-FR or P-FR or used non-flame retarded.  
P-FR Phosphorus based flame retardant used in combination with P-FR additive. 

Composition not public. Composition given to the project under secrecy 
agreement. 

P-FR additive Flame retardant additive used in combination with P-FR. Composition not 
public. Composition given to the project under secrecy agreement.  

Br-FR Bromine/Antimony based flame retardant. Composition not public. 
Composition given to the project under secrecy agreement. 

White cover fabric Base cover of the sofa. Made of 80 % cotton and 20 % polyester. 
Fibre wadding Made of 100 % polyester. 
Foam FR Three types of foam used for the flame retarded sofas. Composition not 

public. Composition given to the project under secrecy agreement. 
Foam non-FR Four types of foam used for the non flame retarded sofa. Composition not 

public. Composition given to the project under secrecy agreement. 
Steel/Iron Steel used in the sofa mainly for the Bonell springs and for the legs of the 

sofa.  
Felt liner A cover fabric for the Bonell springs. The fabric is made of recovered textile 

materials, mainly cotton and polyester.  
Particle board (90 % DS) Particle boards used for the sofa frame.  
Sawn timber mass (82 % dry) Saw timber used for the sofa frame. 
Adhesive Adhesive used between different parts of the sofa. Not considered in the study 

due to difficulties in quantification. 
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Table 33 Energy and material use in the production of the sofa.  

Values per 1 sofa     
Inputs Value Unit Outputs Value Unit 
Energy carriers  Materials/Products   
Electric power 1.5 [MJ] Alme black fabric 2.58 [kg] 
Energy resources  Felt liner 1.05 [kg] 
Crude oil 0.5 [MJ] Fibre wadding 0.675 [kg] 
Materials/Products  Foam FR (A) 0.68 [kg] 
Alme black fabric 2.58 [kg] Foam FR (B) 2.65 [kg] 
Felt liner 1.05 [kg] Foam FR (C) 1.92 [kg] 
Fibre wadding 0.675 [kg] Foam nonFR (NA) 0.6 [kg] 
Foam FR (A) 1) 0.68 [kg] Foam nonFR (NB) 2.1 [kg] 
Foam FR (B) 1) 2.65 [kg] Foam nonFR (NC) 0.74 [kg] 
Foam FR (C) 1) 1.92 [kg] Foam nonFR (ND) 0.8 [kg] 
Foam nonFR (NA) 2) 0.6 [kg] P-FR additive 0.175 [kg] 
Foam nonFR (NB) 2) 2.1 [kg] Br-FR 0.529 [kg] 
Foam nonFR (NC) 2) 0.74 [kg] P-FR 0.668 [kg] 
Foam nonFR (ND) 2) 0.8 [kg] Steel/Iron 4.75 [kg] 
P-FR additive 3) 0.175 [kg] White cover fabric 2.15 [kg] 
Br-FR 4) 0.529 [kg] Wood/Particle board 43.06 [kg] 
Particle board (90 % DS) 38.4 [kg] Products   
P-FR 3) 0.668 [kg] Sofas 1 [units] 
Sawn timber mass (82 % dry) 4.66 [kg]    
Steel/Iron 4.75 [kg]    
White cover fabric 2.15 [kg]    
1) Foams used for the flame retarded sofas, both Br based and P based.  
2) Foams used for the non flame retarded sofa. 
3) P based flame retardant. The applied quantities are 0.259 kg P-FR/kg Alme black fabric and 
0.068 kg P-FR additive/kg Alme black fabric which implies 0.668 kg P-FR/Sofa and 0.175 kg P-
FR additive/Sofa.  
4) Br/Sb based flame retardant. The applied quantity is 0.205 kg Br-FR/kg Alme black fabric which 
implies 0.529 kg Br-FR/Sofa.  
 
 
3. Materials 
 
Polyester production 
 
The polyesters are used in the production of different textiles. No exact information, of 
which type of polyesters that have been used, have been available. However, reliable data 
for production of polyethylene terephtalate are available from APME. These data have 
been used to approximate the textile material.  
 
The data in this chapter thus contain LCI data for production of PET film (polyethylene 
terephtalate) including resin and film production1. Main emissions and resources are 
covered. Data include production and feedstock energy. Data cover production from 5 
production plants in Europe with a total production of 100 000 tonne. The plants are 
located in France, Germany, Italy, Luxembourg and UK. Data source: APME, database.  
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Table 34 LCI data for production of 1 kg polyethylene terephtalate (PET) 1).  

Values per 1 kg PET Film   
Inputs Value Unit Outputs Value Unit 
Chemicals Emissions to air  
CaSO4 3.00E-06 kg Aldehydes (air) 1.00E-06 kg 
KCl 0.00025 kg CFC/HCFC 1.00E-06 kg 
Energy carriers CH4 0.023 kg 
Hydrogen 0.86 MJ Cl2 (air) 1.00E-06 kg 
Energy resources CO 0.012 kg 
Coal 16.5 MJ CO2, fossil 4.9 kg 
Crude oil 44.1 MJ F2 (air) 1.00E-06 kg 
Energy unspecified 0.25 MJ H2S 1.00E-06 kg 
Natural gas 38.2 MJ HC (air) 0.013 kg 
Nuclear 8.76 MJ HC aromatic (air) 0.00013 kg 
Energy resources-renewable HC chlorinated (air) 1.00E-06 kg 
Biomass fuel 0.05 MJ HCl (air) 0.00032 kg 
Hydro Power 0.61 MJ HCN 1.00E-06 kg 
Resources HF (air) 1.40E-05 kg 
Baryte BaSO4 4.00E-06 kg Lead, Pb (air) 1.00E-06 kg 
Bauxite AlO(OH) 0.0004 kg Mercury, Hg (air) 1.00E-06 kg 
Bentonite 2.70E-05 kg N2O 1.00E-06 kg 
Chromium, Cr (ore) 6.00E-06 kg NH3 (air) 1.00E-06 kg 
Dolomite CaMg(CO3)2 4.00E-06 kg NOX 0.029 kg 
Fluorspar CaF2 2.00E-06 kg Other organics 0.0027 kg 
Gravel 1.00E-06 kg Particles 0.01 kg 
Iron, Fe (ore) 0.00033 kg SO2 0.035 kg 
Lead, Pb (ore) 2.00E-06 kg VOC 0.00034 kg 
Limestone, CaCO3 0.0012 kg Emissions to water  
Olivine 3.00E-06 kg Acids as H ion 8.70E-05 kg 
Phosphate as P2O5 1.50E-05 kg Aluminium, Al (aq) 2.00E-06 kg 
Sand 0.0004 kg BOD 0.00078 kg 
Shale 8.00E-06 kg Calcium, Ca (aq) 4.00E-06 kg 
Sulphur (bonded) 5.20E-05 kg Carbonate ions (aq) 2.80E-05 kg 
Sulphur (elemental) 0.00011 kg Chloride ions (aq) 0.0019 kg 
Water 71 kg Chromtrioxid 7.00E-06 kg 
Resources/Products COD 0.002 kg 
Clay mineral 3.00E-06 kg Cu, ion (aq) 1.00E-06 kg 
Sodium chloride, NaCl 0.0087 kg Detergent/oil 3.70E-05 kg 

 Dissolved organics 0.0023 kg 
 Dissolved solids 0.00031 kg 
 HC (aq) 0.00012 kg 
 Iron Fe (aq) 1.00E-06 kg 
 Lead Pb (aq) 1.00E-06 kg 
 Mercury Hg (aq) 1.00E-06 kg 
 NH3/NH4 (aq) 4.00E-06 kg 
 Nickel, Ni (aq) 1.00E-06 kg 
 Nitrate (aq) 1.00E-05 kg 
 Phenol (aq) 1.00E-05 kg 
 Phosphate as P2O5 (aq) 4.00E-06 kg 
 SO4 ions (aq) 0.00011 kg 
 Sodium, Na (aq) 0.0026 kg 
 Suspended solids (aq) 0.00054 kg 
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Values per 1 kg PET Film   
Inputs Value Unit Outputs Value Unit 

 TOC 6.00E-06 kg 
 Zinc, Zn (aq) 1.00E-06 kg 
 Energy carriers  
 Recovered energy 0.18 MJ 
 Materials/Products  
 PET Film 1 kg 
 Wastes, solid  
 Inert chemicals 0.007 kg 
 Regulated chemicals 0.00073 kg 
 Slag and Ash 0.033 kg 
 Waste to incineration 0.036 kg 
 Waste to recycling 2.80E-05 kg 
 Waste, industrial 0.0047 kg 
 Waste, mineral 0.12 kg 
 Waste, plastics 0.0079 kg 
 Waste, unspecified 6.60E-05 kg 

1) Boustead I., ECO-PROFILES of the European plastics industry, PET conversion processes, 
2001.  

 
 
Cotton textile production 
 
The module covers the production of cotton fabric. The production include fibre produc-
tion. Data cover raw material to factory gate. Data source: Environmental Profile of 
cotton and polyester-cotton fabrics2. 
 
Table 35 LCI data for production of cotton fabric.  

Values per 1 kg Cotton textile  
Inputs Value Unit Outputs Value Unit 
Energy resources Emissions to air 
Coal 1) 25 MJ CH4 0.013 kg 
Crude oil 2) 30.3 MJ CO 0.0282 kg 
Natural gas 3) 32.2 MJ CO2, fossil 6.55 kg 
Uranium 5.54E-05 kg HC (air) 0.0069 kg 
Energy resources-renewable NOX 0.0302 kg 
Hydro Power 5.8 MJ SO2 0.0063 kg 
Materials/Products Emissions to water 
Fertilizers 0.537 kg BOD 0.0051 kg 
Pesticides 0.0189 kg COD 0.0133 kg 
Resources N, total (aq) 4.00E-06 kg 
Water 2.61E+04 kg P (aq) 5.20E-05 kg 

Materials/Products 
Cotton textile 1 kg 

1) Used conversion factors for original data: Lower heating value for coal: 27.2 MJ/kg.  
2) Used conversion factors for original data: Lower heating value for oil: 42.7 MJ/kg. 
3) Used conversion factors for original data: Lower heating value for natural gas: 51.9 MJ/kg.  
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Production of sawn timber 
 
LCI data for production of sawn timber (pine/spruce)3 are shown in this module. The data 
cover resources use to factory gate. Data refer to average values from 15 sawmills located 
in Sweden. Data calculated per m3 sawn timber at 18 % moisture content (82 % dry sub-
stance). Density at 18 % moisture content has been set to 353 kg/m3. Data from Environ-
mental Product Declaration (EPD) and refer to year 1996.  
 
Table 36 LCI data for production of 1 m3 sawn timber.  

Values per 1 m3 Sawn timber 
volume (82 % dry) 

    

Inputs Value Unit Outputs Value Unit 
Energy carriers  Emissions to air   
Electric power 385 MJ CO 1.24 kg 
Energy resources  CO2, fossil 18.8 kg 
Crude oil 255 MJ HC (air) 0.26 kg 
Energy resources-renewable  NOX 0.46 kg 
Biomass fuel 1.15E+03 MJ Particles 0.165 kg 
Resources  SO2 0.07 kg 
Timber 424 kg Materials/Products   

  Sawn timber mass (82 % dry) 353 kg 
  Sawn timber volume (82 % 

dry) 
1 m3 

  Wastes, solid   
  Hazardous waste 0.03 kg 
  Slag and Ash 1.36 kg 
  Waste, organic 1.58 kg 

 
 
Particle board production 
 
LCI data for production of Particle Board, (Furniture board, V20, 16 mm)4. The data 
covers resources use to factory gate. Data refer to production at Hultfreds plant, Nya 
Swedspan AB, year 1997. Data from Environmental Product Declaration (EPD).  
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Table 37 LCI data for production of particle board.  

Values per 1 kg Particle board DS    
Inputs Value Unit Outputs Value Unit 
Energy carriers  Emissions to air  
Electric power 1.3 MJ Acetic acid, air 4.00E-05 kg 
Energy resources  Aldehydes (air) 6.00E-05 kg 
Coal 1) 0.3 MJ CO 0.0078 kg 
Crude oil 2) 2.4 MJ CO2, fossil 0.265 kg 
Natural gas 3) 1.9 MJ Formic acid (air) 2.00E-05 kg 
Energy resources-renewable  HC (air) 0.0021 kg 
Biomass fuel 4.4 MJ NOX 0.0068 kg 
Resources  Particles 0.0018 kg 
Timber 1.2 kg SO2 0.0002 kg 

 VOC 0.0019 kg 
 Emissions to water  
 BOD 8.00E-06 kg 
 COD 3.00E-06 kg 
 TSS 1.00E-05 kg 
 Materials/Products  
 Particle board (90 % DS) 4) 1.11 kg 
 Particle board DS 1 kg 
 Wastes, solid  
 Hazardous waste 6.00E-05 kg 
 Slag and Ash 0.0017 kg 
 Waste, industrial 0.0004 kg 
 Waste, mineral 0.0083 kg 
 Waste, organic 0.00162 kg 

1) Used conversion factors for original data: Lower heating value for coal: 27.2 MJ/kg.  
2) Used conversion factors for original data: Lower heating value for oil: 42.7 MJ/kg.  
3) Used conversion factors for original data: Lower heating value for natural gas: 51.9 MJ/kg. 
4) DS=dry substance, 90 % DS in regular used particle boards. 
 
 
Steel production 
 
LCI data covering production of low alloyed profile steel with EAF-process (Electric Arc 
Furnace)5. The process is mainly scrap based. Data cover the entire product life cycle 
from raw material to finished steel at factory gate. Average values for world production 
year 1994-1995. Data refer to 1 kg steel produced.  
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Table 38 LCI data for production of low alloyed profile steel with EAF-process.  

Values per 1 kg Steel EAF 
profile 

    

Inputs Value Unit Outputs Value Unit 
Energy resources  Emissions to air   
Coal 1) 3.44 MJ CO 0.00257 kg 
Crude oil 2) 0.95 MJ CO2, fossil 0.539 kg 
Natural gas 3) 2.47 MJ NOX 0.00125 kg 
Materials/Products  Particles 0.000207 kg 
Scrap, Fe 1.09 kg SO2 0.00157 kg 
Resources  Emissions to water   
Dolomite CaMg(CO3)2 0.00191 kg Chloride ions (aq) 4.90E-05 kg 
Iron, Fe (ore) 0.0534 kg COD 0.0339 kg 
Limestone, CaCO3 0.0777 kg Cr(III)/Cr(VI) (aq) 8.67E-09 kg 
Water 1.43 kg Cyanides (ions) 5.95E-09 kg 
Zinc, Zn (ore) -0.00656 kg Fe(II)/Fe(III) (aq) 2.60E-06 kg 

  Fluorides (aq) 9.80E-06 kg 
  N, excl. NH3 (aq) -1.77E-06 kg 
  NH3/NH4 as N (aq) 1.02E-06 kg 
  Ni(II)/Ni(III) (aq) 4.95E-08 kg 
  P (aq) 6.58E-05 kg 
  Pb(II)/Pb(IV) (aq) -9.98E-10 kg 
  Phenol (aq) 8.02E-09 kg 
  Sulphur/sulphide 5.21E-06 kg 
  TSS 1.78E-05 kg 
  Zinc, Zn (aq) 2.16E-07 kg 
  Materials/Products   
  Steel EAF profile 1 kg 
  Wastes, solid   
  Waste, unspecified 0.0748 kg 

1) Used conversion factors for original data: Lower heating value for coal: 27.2 MJ/kg.  
2) Used conversion factors for original data: Lower heating value for oil: 42.7 MJ/kg.  
3) Used conversion factors for original data: Lower heating value for natural gas: 51.9 MJ/kg. 
 
 
Polyurethane foams 
 
Polyurethanes are a group of many different plastics from solid plastics to soft elastomers 
and foams. For technical applications there are many different possibilities for tailor-
made products. In polyurethane foam production many different types of foams are regu-
larly produced to meet different technical specifications such as different softness of the 
foams or different fire behaviour. The foam play a significant roll for the fire behaviour 
of the sofa and it is thus of great importance to be able to model the different foam quali-
ties both in terms of the production of the foam and its fire behaviour.  
 
LCI data for polyurethane foams have been developed in an AMPE study in collaboration 
with ISOPA - The European Isocyanate Producers Association. However, in this Fire – 
Furniture application study an even higher degree of resolution where required. 
Especially, it has been necessary to be able to distinguish between different types and 
qualities of foams e.g. foam with different types of flame-retardants and different 
softness.  
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In the LCI model the different foam qualities have been modelled using the real formu-
lation of the ingredients. The most of the chemicals have been included in the model. 
Only a few (< 1 %) additives have not been traced to ‘the cradle’. The exact formulation 
of the different foams is confidential and can thus not be published in this report. How-
ever, the main components in the foams are polyol and toluene diisocyanate (TDI). LCI 
data from APME have been used for these components and the data are shown below. 
Four different non-flame retarded foams or three different flame retarded foams have 
been used in the model. The flame retarding system for the foams is based on phosphorus 
and no bromine is used in the foams. The flame-retardants used for the flame-retarded 
foams are melamine and Tris-(2-chloro-1-methylethyl) phosphate (TCPP). 
 
 
Production of Polyol 
 
LCI data are available for polyol. The data cover production of polyol from resource to 
factory gate. The data are based on 12 plants producing 670000 tonnes of polyol. The 
production plants are situated in Belgium, Germany, Italy and the Netherlands. Data have 
been extracted year 1995. Reference is the APME database. AMPE information produced 
in collaboration with ISOPA - The European Isocyanate Producers Association. The LCI 
data are shown in Table 39. 
 
Table 39 LCI data for the production of 1 kg of polyol. Data from APME database. 

Values per 1 kg Polyol     
Inputs Value Unit Outputs Value Unit 
Chemicals  Chemicals   
KCl 0.021 kg Polyol 1 kg 
Energy carriers  Emissions to air   
Hydrogen 1.4 MJ Aldehydes (air) 1.00E-06 kg 
Energy resources  CFC/HCFC 1.20E-05 kg 
Coal 9.14 MJ CH4 0.012 kg 
Crude oil 35.25 MJ Cl2 (air) 2.00E-06 kg 
Energy unspecified 0.18 MJ CO 0.0018 kg 
Natural gas 37.79 MJ CO2, biogenic 0.2 kg 
Nuclear 6.68 MJ CO2, fossil 3.284 kg 
Peat 0.01 MJ CS2 (air) 2.00E-06 kg 
Sulphur 0.04 MJ H2, air 0.0013 kg 
Energy resources-renewable  H2S 2.00E-06 kg 
Biomass fuel 1.13 MJ H2SO4 (air) 1.00E-06 kg 
Hydro Power 0.67 MJ HC (air) 0.0026 kg 
Resources  HC aromatic (air) 7.00E-06 kg 
Baryte BaSO4 0.00016 kg HC chlorinated (air) 3.00E-05 kg 
Bauxite AlO(OH) 0.002 kg HCl (air) 0.00018 kg 
Bentonite 7.10E-05 kg HF (air) 8.00E-06 kg 
Chromium, Cr (ore) 9.00E-06 kg Mercury, Hg (air) 1.00E-06 kg 
Dolomite CaMg(CO3)2 0.00043 kg N2O 2.80E-05 kg 
Feldspar 0.00077 kg NH3 (air) 0.00025 kg 
Ferromanganese 1.00E-06 kg NOX 0.014 kg 
Fluorspar CaF2 2.90E-05 kg Other organics 0.0004 kg 
Gravel 5.00E-06 kg PAH 2.00E-06 kg 
Iron, Fe (ore) 0.0014 kg Particles 0.011 kg 
Lead, Pb (ore) 3.00E-06 kg SO2 0.013 kg 
Limestone, CaCO3 0.52 kg VCM 1.00E-06 kg 
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Values per 1 kg Polyol     
Inputs Value Unit Outputs Value Unit 
Olivine 1.30E-05 kg Emissions to water   
Phosphate as P2O5 0.0025 kg Acids as H ion 3.90E-05 kg 
Sand 0.0024 kg Aluminium, Al (aq) 2.00E-06 kg 
Shale 2.00E-05 kg Arsenic, As (aq) 1.00E-06 kg 
Sulphur (bonded) 0.002 kg BOD 0.00064 kg 
Sulphur (elemental) 0.004 kg Calcium, Ca (aq) 0.13 kg 
Zinc, Zn (ore) 1.00E-06 kg Carbonate ions (aq) 0.0023 kg 
Resources/Products  Chloride ions (aq) 1.1 kg 
Calcium sulphate CaSO4 7.00E-06 kg Chromtrioxid 1.00E-05 kg 
Clay mineral 1.40E-05 kg COD 0.0034 kg 
Sodium chloride, NaCl 1.9 kg Copper, Cu (aq) 1.00E-06 kg 

  Cyanides (ions) 1.00E-06 kg 
  Detergent/oil 6.30E-05 kg 
  Dissolved Cl2 1.30E-05 kg 
  Dissolved organics 0.00028 kg 
  Dissolved solids 0.0075 kg 
  F (aq) 1.00E-06 kg 
  HC (aq) 3.50E-05 kg 
  HC chlorinated (aq) 1.00E-06 kg 
  Iron Fe (aq) 2.40E-05 kg 
  Lead Pb (aq) 1.00E-06 kg 
  Magnesium Mg (aq) 0.00021 kg 
  Mercury Hg (aq) 1.00E-06 kg 
  Metals unspecified (aq) 0.00014 kg 
  NH3/NH4 (aq) 9.00E-06 kg 
  Nickel, Ni (aq) 1.00E-06 kg 
  Nitrate (aq) 0.006 kg 
  Other nitrogen but NO3 0.0022 kg 
  Phenol (aq) 4.00E-06 kg 
  Phosphate as P2O5 (aq) 0.00096 kg 
  Potassium K (aq) 0.00041 kg 
  SO4 ions (aq) 0.0022 kg 
  Sodium ions (aq) 0.61 kg 
  Sulphur/sulphide 1.00E-06 kg 
  Suspended solids (aq) 0.052 kg 
  Vinyl chloride monomer 1.00E-06 kg 
  Zinc, Zn (aq) 1.00E-06 kg 
  Energy carriers   
  Recovered energy 0.98 MJ 
  Wastes, solid   
  Inert chemicals 0.011 kg 
  Regulated chemicals 0.04 kg 
  Slag and Ash 0.021 kg 
  Waste to incineration 0.013 kg 
  Waste to recycling 9.00E-05 kg 
  Waste, industrial 0.03147 kg 
  Waste, mineral 0.22 kg 
  Waste, unspecified 2.50E-05 kg 

 



 
 
 
 
 

C11

Production of Toluene diisocyanate (TDI) 
 
LCI data are available for Toluene diisocyanate (TDI). The data cover production of 
toluene diisocyanate from resource to factory gate. The data are based on 3 plants 
producing 372000 tonnes of TDI. Data refer to the time period 1995-1996. Reference is 
the APME database. AMPE information produced in collaboration with ISOPA - The 
European Isocyanate Producers Association. The LCI data are shown in Table 40. 
 
Table 40 LCI data for the production of 1 kg of toluene diisocyanate (TDI). Data from 

APME database.  

Inputs Value Unit Outputs Value Unit 
Chemicals  Chemicals  
KCl 0.0063 kg Toluenediisocyanate 1 kg 
Energy resources  Emissions to air  
Coal 13.76 MJ CH4 0.023 kg 
Crude oil 24.64 MJ CO 0.0034 kg 
Energy unspecified 0.07 MJ CO2, biogenic 0.0064 kg 
Natural gas 63.98 MJ CO2, fossil 4.9936 kg 
Nuclear 8.45 MJ H2, air 0.0013 kg 
Peat 0.01 MJ HC (air) 0.00491 kg 
Sulphur 0.09 MJ HC aromatic (air) 0.00013 kg 
Energy resources-renewable  HCl (air) 0.00015 kg 
Biomass fuel 0.06 MJ NH3 (air) 0.00011 kg 
Hydro Power 0.79 MJ NOX 0.021 kg 
Materials/Products  Particles 0.0065 kg 
Lead, Pb 3.00E-06 kg SO2 0.019 kg 
Resources  Emissions to water  
Baryte BaSO4 8.80E-05 kg Acids as H ion 4.00E-05 kg 
Bauxite AlO(OH) 0.00058 kg Aluminium, Al (aq) 3.00E-05 kg 
Bentonite 0.00012 kg Arsenic, As (aq) 1.00E-06 kg 
Clay mineral 8.00E-06 kg BOD 1.50E-05 kg 
Fluorspar CaF2 8.00E-06 kg Calcium Ca (aq) 0.018 kg 
Iron, Fe (ore) 0.00084 kg Carbonate ions (aq) 0.00013 kg 
Limestone, CaCO3 0.13 kg Chromtrioxid 1.00E-06 kg 
Sand 0.00052 kg COD 0.0012 kg 
Sodium chloride, NaCl 0.31 kg Copper, Cu (aq) 1.00E-06 kg 
Sulphur (bonded) 0.0046 kg Cyanides (ions) 1.00E-06 kg 
Sulphur (elemental) 0.0093 kg Detergent/oil 2.30E-05 kg 

 Dissolved organics 1.30E-05 kg 
 Dissolved solids 0.004 kg 
 HC (aq) 0.0002 kg 
 HC chlorinated (aq) 3.00E-06 kg 
 Lead Pb (aq) 1.00E-06 kg 
 Mercury Hg (aq) 1.00E-06 kg 
 Metals unspecified (aq) 0.00032 kg 
 NH3/NH4 (aq) 0.00084 kg 
 Nickel, Ni (aq) 1.00E-06 kg 
 Nitrate (aq) 0.0071 kg 
 Other nitrogen but NO3 0.001 kg 
 Phenol (aq) 8.00E-06 kg 
 Phosphate as P2O5 (aq) 1.00E-06 kg 
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Inputs Value Unit Outputs Value Unit 
Chemicals  Chemicals  

 SO4 ions (aq) 0.024 kg 
 Suspended solids (aq) 0.0064 kg 
 Zinc, Zn (aq) 1.00E-06 kg 
 Energy carriers  
 Recovered energy 3.12 MJ 
 Wastes, solid  
 Inert chemicals 0.0016 kg 
 Regulated chemicals 0.011 kg 
 Slag and Ash 0.028 kg 
 Waste to incineration 0.0016 kg 
 Waste, industrial 0.0069 kg 
 Waste, mineral 0.12 kg 
 Waste, unspecified 0.000167 kg 

 
 
Flame retardants – phosphorus based for textile 
 
The phosphorus based flame retardant system used for the cover fabric is denoted P-FR in 
the study. It is used with other additive, which have been denoted “P-FR additives” in the 
model. The product is a commonly used flame retardant for cotton fabrics. The cover 
fabric (“Alme black fabric”) of the sofa have been treated with P-FR to meet the 
‘cigarette and match test’. The chemical formulation of the P-FR product can not be 
published but have been available for the project via a secrecy agreement. All the chemi-
cals in the P-FR product have been traced to ‘the cradle’ in the LCI model. IVL have used 
production data from the producer, existing LCI data sets as well as own calculations in 
the design of the model. Data for the application of the flame retardant on the fabric have 
also been included in the study.  
 
 
Flame retardants – bromine based for textile 
 
The bromine based flame retardant back coating system used for the cover fabric is 
denoted Br-FR in the report. The Br-FR is based on a bromine donor with antimony 
trioxide synergist as the active components. The cover fabric (“Alme black fabric”) of the 
sofa have been coated with Br-FR to meet the ‘cigarette and match test’ specified in the 
UK Fire and Furnishing regulations. The chemical formulation of the Br-FR product can 
not be published but have been available for the project via a secrecy agreement. Most of 
the chemicals (98 %) in the Br-FR product have been traced to ‘the cradle’ in the LCI 
model. IVL have used production data from the producer, existing LCI data sets as well 
as our own calculations in the design of the model. Data for the application of the flame 
retardant on the fabric have also been included in the study.  
 
 
4. Replacement of burned material 
 
Introduction 
 
A fire can be considered as a process where the lifetime of a product is shortened. Thus, 
the product has to be replaced earlier then for the normal ageing process. This results in 
an increased product production with a corresponding increase in energy use and 
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emission release. As an average figure a 50 % reduction of the lifetime has been assumed 
for the sofas that are involved in a fire.  
 
Table 41:  LCI data for production of a house excluding interior decoration such as furni-

ture etc. The house is a wooden dwelling with 121 m2 area. 

Values per 1 House      

Inputs Value Unit Outputs Value Unit 
Chemicals   Emissions to air   
Gypsum CaSO4 5107 kg Aldehydes (air) 1.1 kg 
Energy carriers   CO 89 kg 
Electric power 36850 MJ CO2, fossil 14400 kg 
Energy resources   HC (air) 85 kg 
Coal 59840 MJ HC chlorinated (air) 0.18 kg 
Crude oil 29890 MJ HCl (air) 0.11 kg 
Natural gas 5190 MJ Metals (air) 0.004 kg 
Materials/Products   N2O 0.19 kg 
Iron, Fe 1109 kg NH3 (air) 6.6 kg 
Resources   NOX 96 kg 
Copper, Cu (ore) 56 kg Particles 20 kg 
Marble 118 kg SO2 48 kg 
Timber 14000 kg Emissions to water   
Zinc, Zn (ore) 5 kg Acids as H ion 0.12 kg 
Resources/Products   BOD 0.16 kg 
Concrete 52712 kg Chloride ions 15 kg 
Macadam 71940 kg COD 1.2 kg 
Rockwool 3666 kg Metals (aq) 0.17 kg 
Specifications   N, total (aq) 0.04 kg 
House area 121 m2 Oil, unspec. (aq) 0.08 kg 
   Sodium ions (aq) 1.8 kg 
   Sulphate ions (aq) 0.52 kg 
   TSS 0.76 kg 
   Materials/Products   
   House 1 house 
   Solid wastes   
   Hazardous waste 4 kg 
   Industrial waste 1203 kg 
   Mineral waste 2050 kg 
   Slag and Ash 0.38 kg 
   Specifications   
   House area 121 m2 
Data source: Environmental declaration, Myresjöhus AB. Declaration performed by TRÄTEK, 
Martin Erlandsson.  
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Sofa replacement 
 
The sofa replacement figures are equal to the production figures used for the production 
of a new sofa. However, the figures will be reduced with 50 % to reflect the lifetime 
shortening (only 50 % of the sofas will be replaced). The effect in the model of the sofa 
replacement will thus be an overall increased sofa production.  
 
House replacement 
 
The module covers the production of a wooden domestic dwelling from raw material to 
the factory gate. The house is a prefabricated standard Swedish dwelling produced by 
Myresjö (Villa växa D548). The house area is 121 m2. Data covers only the production of 
the house and thus not decoration, furnishing, equipment (stove, refrigerator, freezer, 
washing machine etc.).  
 
Replacement of interior materials 
 
The module covers the production of the interior material in the house. That material has 
to be replaced after a fire. 50 % of the production burden has been allocated for the 
replacement due to the average lifetime of the furniture that is burned in the fire. A house 
can of course contain a lot of different material. However, these calculations are based on 
the interior specifications for the fire experiments. The LCA production data for the 
materials are estimations. This module specifies the incoming and outgoing materials for 
the production of the specified 16 m2 room. This internal load will also reflect a certain 
fire energy load. LCI modules for the production of the most significant materials (cotton, 
paper, polyurethane, steel and wood) are also added to the interior material production 
module. By calculating the interior load per area the fire area can be scaled when an equal 
interior material load is assumed. The interior load can however deviate significantly in 
specific part of a house such as washing rooms and kitchens. The electric power used for 
the production of the different materials has been estimated to 30 kWh (108 MJ) for the 
entire room (16 m2). The material and energy specification is shown in Table 42.  
 
Table 42: Specifications for the interior material production. 

Values per 16 m2 House area      

Inputs Value Unit Outputs Value Unit 
Energy carriers   Materials/Products   
Electric power 108 MJ Armchair 30 kg 

Materials/Products   Books 160.2 kg 
Cotton DS 9.1 kg Bookshelf 101.5 kg 
EPDM 5.1 kg Carpet 25.89 kg 
Leather DS 8 kg Coffee table 17.3 kg 
Paper DS 161.6 kg Corner bookshelf 45 kg 
Polyurethane (PUR) 3 kg Curtains 4.1 kg 
Steel/Iron 19 kg Newspaper holder 1.35 kg 
Wood DS 185.01 kg Newspapers 1.35 kg 
Wool DS 15.8 kg TV furniture 19.8 kg 

   Specifications   
   House area 16 m2 
Data source: Data calculated by IVL and SP.  
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5. Waste handling 
 
Landfill 
 
The model unit describes the landfill of the sofa with its materials. To understand the 
processes in a landfill and thus to calculate the specific emissions is a very difficult tasks 
and can only be done in general terms. Values for degradation of the different materials 
have been estimated based on general figures for similar materials. In this study the 
emission data are based on a surveyable time period of 100 years. Thus, the emissions 
represent the emissions released during the first 100 years of the landfill. Only a minor 
part of the emissions will be released to the recipient during this period. It has been 
assumed that, during this period, 70 % of the organic materials and 3 % of the plastic 
materials have been broken down. The major part of the materials is still in the landfill 
after 100 years and will be released/broken down during the following time period. An 
equation model has been used to calculate the parameters in the landfill module. In Table 
43 the module parameters are defined and in Table 44 the equations are shown.  
 
Table 43: Parameter specification for the landfill module.  

Inputs  Outputs  
Materials/Products  Emissions to air  
Alme black fabric [kg] CH4 [kg] 
Felt liner [kg] CO2, biogenic [kg] 
Fibre wadding [kg] CO2, fossil [kg] 
Foam FR (A) [kg] Emissions to water  
Foam FR (B) [kg] BOD [kg] 
Foam FR (C) [kg] COD [kg] 
Foam nonFR (NA) [kg] HBr (aq) [kg] 
Foam nonFR (NB) [kg] HCl (aq) [kg] 
Foam nonFR (NC) [kg] NH3/NH4 (aq) [kg] 
Foam nonFR (ND) [kg] P (aq) [kg] 
P-FR additive [kg] Sb (aq) [kg] 
Br-FR [kg] Wastes, solid  
P-FR [kg] Waste, total [kg] 
Steel/Iron [kg]  
White cover fabric [kg]  
Wood/Particle board [kg]  
Products   
Sofas [units]  
 
Table 44: Equations defining the simulation results of the landfill module. 

Equations 
Emissions to air 
CH4=0.227*Alme black fabric+0.172*Felt liner+0.0076*Fibre wadding+0.0236*Foam FR 
(A)+0.0236*Foam FR (B)+0.0236*Foam FR (C)+0.0236*Foam nonFR (NA)+0.0236*Foam nonFR 
(NB)+0.0236*Foam nonFR (NC)+0.0236*Foam nonFR (ND)+0.02*P-FR additive+0.024*Br-FR+0.02*P-
FR+0.183*White cover fabric+0.227*Wood/Particle board 
CO2, biogenic=1.155*Alme black fabric+0.866*Felt liner+0.924*White cover 
fabric+1.281*Wood/Particle board 
CO2, fossil=0.0172*Felt liner+0.0687*Fibre wadding+0.0642*Foam FR (A)+0.0642*Foam FR 
(B)+0.0642*Foam FR (C)+0.0717*Foam nonFR (NA)+0.0717*Foam nonFR (NB)+0.0717*Foam nonFR 
(NC)+0.0717*Foam nonFR (ND)+0.042*P-FR additive+0.02728*Br-FR+0.0225*P-FR+0.01374*White 
cover fabric 
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Equations 
Emissions to water 
BOD=0.00525*Alme black fabric+0.00399*Felt liner+0.000225*Fibre wadding+0.000225*Foam FR 
(A)+0.000225*Foam FR (B)+0.000225*Foam FR (C)+0.000225*Foam nonFR (NA)+0.000225*Foam 
nonFR (NB)+0.000225*Foam nonFR (NC)+0.000225*Foam nonFR (ND)+0.000225*P-FR addi-
tive+0.000225*Br-FR+0.000225*P-FR+0.00424*White cover fabric+0.00525*Wood/Particle board 
COD=0.021*Alme black fabric+0.0159*Felt liner+0.0009*Fibre wadding+0.0009*Foam FR 
(A)+0.0009*Foam FR (B)+0.0009*Foam FR (C)+0.0009*Foam nonFR (NA)+0.0009*Foam nonFR 
(NB)+0.0009*Foam nonFR (NC)+0.0009*Foam nonFR (ND)+0.0009*P-FR additive+0.0009*Br-
FR+0.0009*P-FR+0.017*White cover fabric+0.021*Wood/Particle board 
HBr (aq)=0.01317*Br-FR 
HCl (aq)=0.001164*Foam FR (A)+0.000909*Foam FR (B)+0.000852*Foam FR (C)+0.00332*Br-
FR+0.0001842*P-FR 
NH3/NH4 (aq)=0.000425*Alme black fabric+0.000319*Felt liner+0.00407*Foam FR (A)+0.00355*Foam 
FR (B)+0.00419*Foam FR (C)+0.00194*Foam nonFR (NA)+0.00214*Foam nonFR (NB)+0.00218*Foam 
nonFR (NC)+0.00217*Foam nonFR (ND)+0.00816*P-FR additive+0.002324*P-FR+0.00034*White cover 
fabric+0.00085*Wood/Particle board 
P (aq)=0.000329*Foam FR (A)+0.000257*Foam FR (B)+0.000241*Foam FR (C)+0.0036*P-FR 
Sb (aq)=0.00225*Br-FR 
Wastes, solid 
Waste, total=Alme black fabric+Felt liner+Fiber wadding+Foam FR (A)+Foam FR (B)+Foam FR 
(C)+Foam nonFR (NA)+Foam nonFR (NB)+Foam nonFR (NC)+Foam nonFR (ND)+P-FR additive+Br-
FR+P-FR+Steel/Iron+White cover fabric+Wood/Particle board 
 
 
Incineration 
 
The inventory data for the incineration process covers the incineration of the Furniture 
(sofa). The parameters used in the calculations can be found in Table 45 and the calcula-
tion models are presented in Table 46. It is assumed that the furniture is incinerated in a 
standard waste incinerator with a relatively high degree of flue gas cleaning. The furni-
ture is only a part of the total waste flow to the incinerator. The total amount of different 
wastes also results in a total amount of emissions from the incinerator. Thus, to be able to 
calculate the emissions from the furniture, the total emission must be allocated to the 
different types of waste input. The method chosen is a typical multi-input allocation. The 
methodology used in the study for the allocation is described in Simonson et. al.6and 
Stripple7. The data set have been calculated by IVL.  
 
Wherever possible the different emissions have been calculated directly from the material 
content e.g. CO2, HCl and HBr emissions. It is assumed that 3 % of the formed P, Sb, 
HCl and HBr will be released as emissions to air based on a cleaning efficiency in the 
combustion plant of 97 %8. Emissions that are related to the combustion conditions in the 
incinerator have been calculated based on an assumed emission level from a typical 
incinerator, which has been allocated to the different furniture materials. The emission of 
CO has been allocated to the carbon content of the materials. The emissions of hydro-
carbons (HC) and PAH have been allocated to the total amount of organic materials. The 
emission of particles has been allocated to the total amount of waste that can contribute to 
the particle formation in the incinerator. The emissions of dibenzodioxins (e.g. TCDD 
and TBDD) are perhaps the most difficult parameters to allocate. In this study an 
allocation based on the content of chloride and bromide in the materials have been used. 
The emission levels of dibenzodioxins from a typical waste incinerator have been used to 
calculate a typical dioxin emission per input amount of chloride and bromide. The 
chloride and bromide input has then been used to calculate the emissions. The assumption 
is only valid for a particular chloride and bromide load of the incinerator. The allocation 
used does not provide an entirely accurate picture of the dioxin emission situation but will 
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act as an indication of the emission levels. In fact, in an ordinary household waste 
incinerator the chloride content is sufficiently high to reach a maximum formation of 
TCDD. In this case, an additional amount of chloride to the incinerator will not result in 
an increase of the TCDD emission. The allocation background of the dioxin data is an 
important factor to bear in mind when the results are interpreted.  
 
The energy production from the incineration has also been calculated. In the incineration 
process the energy content of the different combustible materials in furniture can be trans-
formed into useful energy, for example, for use in district heating. The energy produced 
can therefore replace other types of fuels and thereby reduce emissions and save energy 
resources.  
 
Table 45 Parameter specification for the incineration module.  

Inputs  Outputs  
Materials/Products  Calculation variables  
Alme black fabric [kg] CO2, total incineration [kg] 
Felt liner [kg] HBr, formed [kg] 
Fibre wadding [kg] HCl, formed [kg] 
Foam FR (A) [kg] P, formed [kg] 
Foam FR (B) [kg] Sb, formed [kg] 
Foam FR (C) [kg] Emissions  
Foam nonFR (NA) [kg] TBDD eqv. [kg] 
Foam nonFR (NB) [kg] TCDD eqv. [kg] 
Foam nonFR (NC) [kg] Emissions to air  
Foam nonFR (ND) [kg] CO [kg] 
P-FR additive [kg] CO2, biogenic [kg] 
Br-FR [kg] CO2, fossil [kg] 
P-FR [kg] HBr (air) [kg] 
Steel/Iron [kg] HC (air) [kg] 
Total organics [kg] HCl (air) [kg] 
White cover fabric [kg] NOX [kg] 
Wood/Particle board [kg] P (air) [kg] 
Products  PAH [kg] 
Sofas [units] Particles [kg] 

  Sb (air) [kg] 
  SO2 [kg] 
  Energy   
  Heat of combustion [MJ] 
  Energy carriers  
  Energy steam/heat [MJ] 
  Wastes, solid  
  Slag and Ash [kg] 
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Table 46 Equations defining the simulation results of the incineration module. 

Additional Equations 
Calculation variables 
CO2, total incineration=CO2, biogenic+CO2, fossil 
HBr, formed=0.439*Br-FR 
HCl, formed=0.0388*Foam FR (A)+0.0303*Foam FR (B)+0.0284*Foam FR (C)+0.111*Br-
FR+0.00614*P-FR 
P, formed=0.12*P-FR+0.011*Foam FR (A)+0.0086*Foam FR (B)+0.008*Foam FR (C)+7E-007*Alme 
black fabric+5.6E-007*White cover fabric+5.25E-007*Felt liner+7E-005*Wood/Particle board 
Sb, formed=0.075*Br-FR 
Emissions 
TBDD eqv.=4.66E-011*Br-FR 
TCDD eqv.=3.77E-012*Foam FR (A)+2.94E-012*Foam FR (B)+2.76E-012*Foam FR (C)+1.08E-011*Br-
FR+5.97E-013*P-FR 
Emissions to air 
CO=0.00035*CO2, total incineration 
CO2, biogenic=1.65*Alme black fabric+1.32*White cover fabric+1.24*Felt liner+1.65*Wood/Particle 
board 
CO2, fossil=0.458*White cover fabric+2.29*Fibre wadding+0.57*Felt liner+2.39*Foam nonFR 
(NA)+2.39*Foam nonFR (NB)+2.39*Foam nonFR (NC)+2.39*Foam nonFR (ND)+2.14*Foam FR 
(A)+2.14*Foam FR (B)+2.14*Foam FR (C)+0.909*Br-FR+0.75*P-FR+1.4*P-FR additive 
HBr (air)=0.03*HBr, formed 
HC (air)=5E-005*Total organics 
HCl (air)=0.03*HCl, formed 
NOx=0.000202*Alme black fabric+0.00019*Felt liner+0.00017*Fibre wadding+0.0184*Foam FR 
(A)+0.016*Foam FR (B)+0.0189*Foam FR (C)+0.00884*Foam nonFR (NA)+0.00976*Foam nonFR 
(NB)+0.00994*Foam nonFR (NC)+0.00988*Foam nonFR (ND)+0.000195*White cover 
fabric+0.000298*Wood/Particle board 
P (air)=0.03*P, formed 
PAH=5E-009*Total organics 
Particles=5E-005*Total organics 
Sb (air)=0.03*Sb, formed 
SO2=0.00032*Wood/Particle board 
Energy  
Heat of combustion=16*Alme black fabric+17.7*Felt liner+22.7*Fibre wadding+23*Foam FR 
(A)+23*Foam FR (B)+23*Foam FR (C)+23*Foam nonFR (NA)+23*Foam nonFR (NB)+23*Foam nonFR 
(NC)+23*Foam nonFR (ND)+17.3*White cover fabric+18*Wood/Particle board 
Energy carriers 
Energy steam/heat=0.8*Heat of combustion 
Materials/Products 
Total organics=Alme black fabric+Felt liner+Fiber wadding+Foam FR (A)+Foam FR (B)+Foam FR 
(C)+Foam nonFR (NA)+Foam nonFR (NB)+Foam nonFR (NC)+Foam nonFR (ND)+P-FR additive+Br-
FR+P-FR+White cover fabric+Wood/Particle board 
Wastes, solid 
Slag and Ash=Steel/Iron+0.03*Total organics 
 
 
6. Fire 
 
Introduction 
 
The different fire modules in the model describe and calculate the fire part in the model. 
Data in the fire modules are mainly based on the different fire experiments that have been 
performed in the project but also on direct calculation of different emission such as CO2. 
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The results from the fire experiments have already been covered in a previous chapter and 
in connection with that the data implementation for the model have also been discussed. 
This chapter contains only the complete data representation in the different modules. 
 
 
Small sofa fire 
 
The small sofa fire modules represent data for fires that are very limited. Almost no 
emissions are formed. However, the sofas from the small fires are assumed to be so 
damaged that they have to be wasted. The major impact from the small sofa fires thus 
refers to an increased use of sofa materials and an increased amount of waste material. 
The used materials from the small sofa fires are transported either to incineration or to 
landfill. The parameters and equations used in the modules are shown in Table 47 and 
Table 48.  
 
Table 47 Parameter specification for the small sofa fire modules. 

Inputs  Outputs  
Materials/Products  Materials/Products  
Alme black fabric [kg] Alme black fabric [kg] 
Felt liner [kg] Felt liner [kg] 
Fibre wadding [kg] Fibre wadding [kg] 
Foam FR (A) [kg] Foam FR (A) [kg] 
Foam FR (B) [kg] Foam FR (B) [kg] 
Foam FR (C) [kg] Foam FR (C) [kg] 
Foam nonFR (NA) [kg] Foam nonFR (NA) [kg] 
Foam nonFR (NB) [kg] Foam nonFR (NB) [kg] 
Foam nonFR (NC) [kg] Foam nonFR (NC) [kg] 
Foam nonFR (ND) [kg] Foam nonFR (ND) [kg] 
P-FR additive [kg] P-FR additive [kg] 
Br-FR [kg] Br-FR [kg] 
P-FR [kg] P-FR [kg] 
Steel/Iron [kg] Steel/Iron [kg] 
White cover fabric [kg] White cover fabric [kg] 
Wood/Particle board [kg] Wood/Particle board [kg] 
Products  Products  
Replaced sofas [units] Sofas [units] 
Sofas [units]  
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Table 48 Equations defining the small sofa fire modules. 

Additional Equations 
Materials/Products 
Alme black fabric[i]=Alme black fabric[o] 
Felt liner[i]=Felt liner[o] 
Fibre wadding[i]=Fibre wadding[o] 
Foam FR (A)[i]=Foam FR (A)[o] 
Foam FR (B)[i]=Foam FR (B)[o] 
Foam FR (C)[i]=Foam FR (C)[o] 
Foam nonFR (NA)[i]=Foam nonFR (NA)[o] 
Foam nonFR (NB)[i]=Foam nonFR (NB)[o] 
Foam nonFR (NC)[i]=Foam nonFR (NC)[o] 
Foam nonFR (ND)[i]=Foam nonFR (ND)[o] 
P-FR additive[i]=P-FR additive[o] 
Br-FR[i]=Br-FR[o] 
P-FR[i]=P-FR[o] 
Steel/Iron[i]=Steel/Iron[o] 
White cover fabric[i]=White cover fabric[o] 
Wood/Particle board[i]=Wood/Particle board[o] 
Products 
Replaced sofas=0.5*Sofas[i] 
Sofas[i]=Sofas[o] 
 
 
Sofa fire 
 
The sofa fire modules represent data from a single sofa fire. In these modules data from 
the different sofa fire experiments have been implemented. The experiment data have 
been incorporated in three different modules, one for the non flame retarded sofa, one for 
the Br-FR treated sofa and one for the P-FR treated sofa. The fire experiments and the 
results are already presented in a previous chapter. Here are only the exact definitions of 
the module equations presented. The parameters used in the calculations are given in  
Table 49 and the fire calculations are shown in Table 50 to Table 52. 
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Table 49 Parameter specification for the sofa fire modules. 

Inputs  Outputs  
Materials/Products  Calculation variables  
Alme black fabric [kg] CO2, biogenic formed [kg] 
Burnable material [kg] CO2, fossil formed [kg] 
Burned material [kg] HBr, formed [kg] 
Felt liner [kg] HCl, formed [kg] 
Fibre wadding [kg] P, formed [kg] 
Foam FR (A) [kg] Sb, formed [kg] 
Foam FR (B) [kg] Emissions  
Foam FR (C) [kg] Sum Br Dioxins [kg] 
Foam nonFR (NA) [kg] Sum Br Furans [kg] 
Foam nonFR (NB) [kg] Sum Cl Dioxins [kg] 
Foam nonFR (NC) [kg] Sum Cl Furans [kg] 
Foam nonFR (ND) [kg] TBDD eqv. [kg] 
P-FR additive [kg] TCDD eqv. [kg] 
Br-FR [kg] Emissions to air  
P-FR [kg] Benzene (air) [kg] 
Steel/Iron [kg] Br, analysis (soot, gas) [kg] 
Unburned material [kg] CO [kg] 
White cover fabric [kg] CO2 Fire, calculated [kg] 
Wood/Particle board [kg] CO2 Fire, measured [kg] 
Products  CO2, biogenic [kg] 
Replaced sofas [units] CO2, fossil [kg] 
Sofas [units] DBDE (air) [kg] 

 HBr (air) [kg] 
 HCl (air) [kg] 
 HCl measured (air) [kg] 
 HCN [kg] 
 Naphthalene (air) [kg] 
 NH3 (air) [kg] 
 NOx [kg] 
 P (air) [kg] 
 P, analysis (soot, gas) [kg] 
 PAH [kg] 
 PBDE (air) excl DBDE  [kg] 
 Phenol (air) [kg] 
 Sb (air) [kg] 
 Sb, analysis (soot, gas) [kg] 
 SO2 [kg] 
 Toluene (air) [kg] 
 VOC [kg] 
 Emissions to soil  
 Br, analysis (ash) [kg] 
 P, analysis (ash) [kg] 
 Sb, analysis (ash) [kg] 
 Wastes, solid  
 Fire waste (unburnt and ash) [kg] 

DBDE = Deca bromo diphenyl ether 
PBDE = Polybrominated diphenyl ether 
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Table 50 Equations defining the sofa fire modules for the non-FR sofa. 

Additional Equations 
Calculation variables 
CO2, biogenic formed=1.65*Alme black fabric+1.32*White cover fabric+1.24*Felt liner+1.65*Wood/Particle 
board 
CO2, fossil formed=0.458*White cover fabric+2.29*Fibre wadding+0.57*Felt liner+2.39*Foam nonFR 
(NA)+2.39*Foam nonFR (NB)+2.39*Foam nonFR (NC)+2.39*Foam nonFR (ND)+2.14*Foam FR 
(A)+2.14*Foam FR (B)+2.14*Foam FR (C)+0.9095*Br-FR+0.75*P-FR+1.4*P-FR additive 
HBr, formed=0.439*Br-FR 
HCl, formed=0.0388*Foam FR (A)+0.0303*Foam FR (B)+0.0284*Foam FR (C)+0.1106*Br-FR+0.00614*P-FR 
P, formed=0.12*P-FR+0.011*Foam FR (A)+0.0086*Foam FR (B)+0.008*Foam FR (C)+7E-007*Alme black 
fabric+5.6E-007*White cover fabric+5.25E-007*Felt liner+7E-005*Wood/Particle board 
Sb, formed=0.075*Br-FR 
Emissions 
Sum Br Dioxins=0*Burned material 
Sum Br Furans=0*Burned material 
Sum Cl Dioxins=3E-012*Burned material 
Sum Cl Furans=3E-010*Burned material 
TBDD eqv.=0*Burned material 
TCDD eqv.=2.57E-012*Burned material 
Emissions to air 
Benzene (air)=0.0001*Burned material 
Br, analysis (soot, gas)=1.8E-005*Burned material 
CO=0.0241*Burned material 
CO2 Fire, calculated=CO2, biogenic+CO2, fossil 
CO2 Fire, measured=1.51*Burned material 
CO2, biogenic=BurnPartSofaFire*CO2, biogenic formed 
CO2, fossil=BurnPartSofaFire*CO2, fossil formed 
DBDE (air)=0*Burned material 
HBr (air)=BurnPartSofaFire*HBr, formed 
HCl (air)=BurnPartSofaFire*HCl, formed 
HCl measured (air)=0.00569*Burned material 
HCN=0*Burned material 
Naphthalene (air)=2.1E-005*Burned material 
NH3 (air)=0.000577*Burned material 
NOx=0.00607*Burned material 
P (air)=BurnPartSofaFire*P, formed 
P, analysis (soot, gas)=2.6E-006*Burned material 
PAH=2.01E-005*Burned material 
PBDE (air) excl DBDE =0*Burned material 
Phenol (air)=2.4E-005*Burned material 
Sb (air)=BurnPartSofaFire*Sb, formed 
Sb, analysis (soot, gas)=0*Burned material 
SO2=0.00143*Burned material 
Toluene (air)=2.4E-005*Burned material 
VOC=0.00054*Burned material 
Emissions to soil 
Br, analysis (ash)=2E-006*Unburned material 
P, analysis (ash)=6E-007*Unburned material 
Sb, analysis (ash)=7E-006*Unburned material 
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Additional Equations 
Materials/Products 
Burnable material=Alme black fabric+Felt liner+Fibre wadding+Foam FR (A)+Foam FR (B)+Foam FR 
(C)+Foam nonFR (NA)+Foam nonFR (NB)+Foam nonFR (NC)+Foam nonFR (ND)+P-FR additive+Br-FR+P-
FR+White cover fabric+Wood/Particle board 
Burned material=BurnPartSofaFire*Burnable material 
Unburned material=Burnable material-Burned material 
Products 
Replaced sofas=0.5*Sofas 
Wastes, solid 
Fire waste (unburnt and ash)=Burnable material-Burned material+Steel/Iron 
 
 
Table 51 Equations defining the sofa fire module for the Br-FR sofa. 

Additional Equations 
Calculation variables 
CO2, biogenic formed=1.65*Alme black fabric+1.32*White cover fabric+1.24*Felt liner+1.65*Wood/Particle 
board 
CO2, fossil formed=0.458*White cover fabric+2.29*Fibre wadding+0.57*Felt liner+2.39*Foam nonFR 
(NA)+2.39*Foam nonFR (NB)+2.39*Foam nonFR (NC)+2.39*Foam nonFR (ND)+2.14*Foam FR 
(A)+2.14*Foam FR (B)+2.14*Foam FR (C)+0.9095*Br-FR+0.75*P-FR+1.4*P-FR additive 
HBr, formed=0.439*Br-FR 
HCl, formed=0.0388*Foam FR (A)+0.0303*Foam FR (B)+0.0284*Foam FR (C)+0.1106*Br-FR+0.00614*P-
FR 
P, formed=0.12*P-FR+0.011*Foam FR (A)+0.0086*Foam FR (B)+0.008*Foam FR (C)+7E-007*Alme black 
fabric+5.6E-007*White cover fabric+5.25E-007*Felt liner+7E-005*Wood/Particle board 
Sb, formed=0.075*Br-FR 
Emissions 
Sum Br Dioxins=0*Burned material 
Sum Br Furans=5.084E-006*Burned material 
Sum Cl Dioxins=1.015E-009*Burned material 
Sum Cl Furans=1.33E-008*Burned material 
TBDD eqv.=1.23E-007*Burned material 
TCDD eqv.=2.08E-010*Burned material 
Emissions to air 
Benzene (air)=0.000379*Burned material 
Br, analysis (soot, gas)=6.18E-005*Burned material 
CO=0.0384*Burned material 
CO2 Fire, calculated=CO2, biogenic+CO2, fossil 
CO2 Fire, measured=1.39*Burned material 
CO2, biogenic=BurnPartSofaFire*CO2, biogenic formed 
CO2, fossil=BurnPartSofaFire*CO2, fossil formed 
DBDE (air)=5.69E-005*Burned material 
HBr (air)=BurnPartSofaFire*HBr, formed 
HCl (air)=BurnPartSofaFire*HCl, formed 
HCl measured (air)=0.0073*Burned material 
HCN=0.000925*Burned material 
Naphthalene (air)=1.1E-004*Burned material 
NH3 (air)=0.000689*Burned material 
NOx=0.00483*Burned material 
P (air)=BurnPartSofaFire*P, formed 
P, analysis (soot, gas)=1.32E-005*Burned material 
PAH=6.07E-005*Burned material 
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Additional Equations 
Emissions to air 
PBDE (air) excl DBDE =2.605E-007*Burned material 
Phenol (air)=0.000146*Burned material 
Sb (air)=BurnPartSofaFire*Sb, formed 
Sb, analysis (soot, gas)=1.2E-005*Burned material 
SO2=0.00189*Burned material 
Toluene (air)=6.1E-005*Burned material 
VOC=0.001475*Burned material 
Emissions to soil 
Br, analysis (ash)=0.002307*Unburned material 
P, analysis (ash)=0.00558*Unburned material 
Sb, analysis (ash)=0.003341*Unburned material 
Materials/Products 
Burnable material=Alme black fabric+Felt liner+Fibre wadding+Foam FR (A)+Foam FR (B)+Foam FR 
(C)+Foam nonFR (NA)+Foam nonFR (NB)+Foam nonFR (NC)+Foam nonFR (ND)+P-FR additive+Br-
FR+P-FR+White cover fabric+Wood/Particle board 
Burned material=BurnPartSofaFire*Burnable material 
Unburned material=Burnable material-Burned material 
Products 
Replaced sofas=0.5*Sofas 
Wastes, solid 
Fire waste (unburnt and ash)=Burnable material-Burned material+Steel/Iron 
 
 
Table 52 Equations defining the sofa fire module for the P-FR sofa. 

Additional Equations 
Calculation variables 
CO2, biogenic formed=1.65*Alme black fabric+1.32*White cover fabric+1.24*Felt liner+1.65*Wood/Particle 
board 
CO2, fossil formed=0.458*White cover fabric+2.29*Fibre wadding+0.57*Felt liner+2.39*Foam nonFR 
(NA)+2.39*Foam nonFR (NB)+2.39*Foam nonFR (NC)+2.39*Foam nonFR (ND)+2.14*Foam FR 
(A)+2.14*Foam FR (B)+2.14*Foam FR (C)+0.9095*Br-FR+0.75*P-FR+1.4*P-FR additive 
HBr, formed=0.439*Br-FR 
HCl, formed=0.0388*Foam FR (A)+0.0303*Foam FR (B)+0.0284*Foam FR (C)+0.1106*Br-FR+0.00614*P-FR 
P, formed=0.12*P-FR+0.011*Foam FR (A)+0.0086*Foam FR (B)+0.008*Foam FR (C)+7E-007*Alme black 
fabric+5.6E-007*White cover fabric+5.25E-007*Felt liner+7E-005*Wood/Particle board 
Sb, formed=0.075*Br-FR 
Emissions 
Sum Br Dioxins=0*Burned material 
Sum Br Furans=1.00E-007*Burned material 
Sum Cl Dioxins=1.6E-011*Burned material 
Sum Cl Furans=3E-010*Burned material 
TBDD eqv.=1.96E-009*Burned material 
TCDD eqv.=7.83E-012*Burned material 
Emissions to air 
Benzene (air)=0.000241*Burned material 
Br, analysis (soot, gas)=1.24E-005*Burned material 
CO=0.0246*Burned material 
CO2 Fire, calculated=CO2, biogenic+CO2, fossil 
CO2 Fire, measured=1.47*Burned material 
CO2, biogenic=BurnPartSofaFire*CO2, biogenic formed 
CO2, fossil=BurnPartSofaFire*CO2, fossil formed 
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Additional Equations 
Emissions to air 
DBDE (air)=6.769E-006*Burned material 
HBr (air)=BurnPartSofaFire*HBr, formed 
HCl (air)=BurnPartSofaFire*HCl, formed 
HCl measured (air)=0.00757*Burned material 
HCN=0*Burned material 
Naphthalene (air)=3.8E-005*Burned material 
NH3 (air)=0.000389*Burned material 
NOx=0.00696*Burned material 
P (air)=BurnPartSofaFire*P, formed 
P, analysis (soot, gas)=1.09E-005*Burned material 
PAH=2.92E-005*Burned material 
PBDE (air) excl DBDE =0*Burned material 
Phenol (air)=3.86E-005*Burned material 
Sb (air)=BurnPartSofaFire*Sb, formed 
Sb, analysis (soot, gas)=0*Burned material 
SO2=0.00202*Burned material 
Toluene (air)=4.2E-005*Burned material 
VOC=0.00126*Burned material 
Emissions to soil 
Br, analysis (ash)=4.1E-005*Unburned material 
P, analysis (ash)=0.0303*Unburned material 
Sb, analysis (ash)=2.58E-005*Unburned material 
Materials/Products 
Burnable material=Alme black fabric+Felt liner+Fibre wadding+Foam FR (A)+Foam FR (B)+Foam FR 
(C)+Foam nonFR (NA)+Foam nonFR (NB)+Foam nonFR (NC)+Foam nonFR (ND)+P-FR additive+Br-FR+P-
FR+White cover fabric+Wood/Particle board 
Burned material=BurnPartSofaFire*Burnable material 
Unburned material=Burnable material-Burned material 
Products 
Replaced sofas=0.5*Sofas 
Wastes, solid 
Fire waste (unburnt and ash)=Burnable material-Burned material+Steel/Iron 
 
 
Secondary sofa fire 
 
The secondary sofa fire modules represent sofa fire data from sofas that are involved in 
fires without the sofa being the ignition source. Characteristic for the secondary sofa fires 
is that the flame retarding system has no or very little effect for the development of the 
fire. On the contrary the flame retarding additives can have negative effects on the for-
mation of different emissions from the fires. The secondary sofa fire data are based on the 
sofa fire experiments with some modifications. The parameter list for the secondary sofa 
fires is identical to the list for the sofa fires presented in Table 49. The equations used for 
the calculations are shown in Table 53 to Table 55. 
 



 
 
 
 
 

C26

Table 53 Equations defining the secondary sofa fire module for the non flame retarded 
sofa. 

Additional Equations 
Calculation variables 
CO2, biogenic formed=1.65*Alme black fabric+1.32*White cover fabric+1.24*Felt liner+1.65*Wood/Particle 
board 
CO2, fossil formed=0.458*White cover fabric+2.29*Fibre wadding+0.57*Felt liner+2.39*Foam nonFR 
(NA)+2.39*Foam nonFR (NB)+2.39*Foam nonFR (NC)+2.39*Foam nonFR (ND)+2.14*Foam FR 
(A)+2.14*Foam FR (B)+2.14*Foam FR (C)+0.9095*Br-FR+0.75*P-FR+1.4*P-FR additive 
HBr, formed=0.439*Br-FR 
HCl, formed=0.0388*Foam FR (A)+0.0303*Foam FR (B)+0.0284*Foam FR (C)+0.1106*Br-FR+0.00614*P-
FR 
P, formed=0.12*P-FR+0.011*Foam FR (A)+0.0086*Foam FR (B)+0.008*Foam FR (C)+7E-007*Alme black 
fabric+5.6E-007*White cover fabric+5.25E-007*Felt liner+7E-005*Wood/Particle board 
Sb, formed=0.075*Br-FR 
Emissions 
Sum Br Dioxins=0*Burned material 
Sum Br Furans=0*Burned material 
Sum Cl Dioxins=0*Burned material 
Sum Cl Furans=3E-010*Burned material 
TBDD eqv.=0*Burned material 
TCDD eqv.=2.57E-012*Burned material 
Emissions to air 
Benzene (air)=0.0001*Burned material 
Br, analysis (soot, gas)=1.8E-005*Burned material 
CO=0.0241*Burned material 
CO2 Fire, calculated=CO2, biogenic+CO2, fossil 
CO2 Fire, measured=1.51*Burned material 
CO2, biogenic=BurnPartSecSofaFire*CO2, biogenic formed 
CO2, fossil=BurnPartSecSofaFire*CO2, fossil formed 
DBDE (air)=0*Burned material 
HBr (air)=BurnPartSecSofaFire*HBr, formed 
HCl (air)=BurnPartSecSofaFire*HCl, formed 
HCl measured (air)=0.00569*Burned material 
HCN=0*Burned material 
Naphthalene (air)=2.1E-005*Burned material 
NH3 (air)=0.000577*Burned material 
NOx=0.00607*Burned material 
P (air)=BurnPartSecSofaFire*P, formed 
P, analysis (soot, gas)=2.6E-006*Burned material 
PAH=2.01E-005*Burned material 
PBDE (air) excl DBDE =0*Burned material 
Phenol (air)=2.4E-005*Burned material 
Sb (air)=BurnPartSecSofaFire*Sb, formed 
Sb, analysis (soot, gas)=0*Burned material 
SO2=0.00143*Burned material 
Toluene (air)=2.4E-005*Burned material 
VOC=0.00054*Burned material 
Emissions to soil 
Br, analysis (ash)=2E-006*Unburned material 
P, analysis (ash)=6E-007*Unburned material 
Sb, analysis (ash)=7E-006*Unburned material 
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Additional Equations 
Materials/Products 
Burnable material=Alme black fabric+Felt liner+Fibre wadding+Foam FR (A)+Foam FR (B)+Foam FR 
(C)+Foam nonFR (NA)+Foam nonFR (NB)+Foam nonFR (NC)+Foam nonFR (ND)+P-FR additive+Br-FR+P-
FR+White cover fabric+Wood/Particle board 
Burned material=BurnPartSecSofaFire*Burnable material 
Unburned material=Burnable material-Burned material 
Products 
Replaced sofas=0.5*Sofas 
Wastes, solid 
Fire waste (unburnt and ash)=Burnable material-Burned material+Steel/Iron 
 
 
Table 54 Equations defining the secondary sofa fire module for the Br-FR sofa.  

Additional Equations 
Calculation variables 
CO2, biogenic formed=1.65*Alme black fabric+1.32*White cover fabric+1.24*Felt liner+1.65*Wood/Particle 
board 
CO2, fossil formed=0.458*White cover fabric+2.29*Fibre wadding+0.57*Felt liner+2.39*Foam nonFR 
(NA)+2.39*Foam nonFR (NB)+2.39*Foam nonFR (NC)+2.39*Foam nonFR (ND)+2.14*Foam FR 
(A)+2.14*Foam FR (B)+2.14*Foam FR (C)+0.9095*Br-FR+0.75*P-FR+1.4*P-FR additive 
HBr, formed=0.439*Br-FR 
HCl, formed=0.0388*Foam FR (A)+0.0303*Foam FR (B)+0.0284*Foam FR (C)+0.1106*Br-FR+0.00614*P-FR 
P, formed=0.12*P-FR+0.011*Foam FR (A)+0.0086*Foam FR (B)+0.008*Foam FR (C)+7E-007*Alme black 
fabric+5.6E-007*White cover fabric+5.25E-007*Felt liner+7E-005*Wood/Particle board 
Sb, formed=0.075*Br-FR 
Emissions 
Sum Br Dioxins=0*Burned material 
Sum Br Furans=7.8E-008*Burned material 
Sum Cl Dioxins=0*Burned material 
Sum Cl Furans=1.33E-008*Burned material 
TBDD eqv.=2.98E-009*Burned material 
TCDD eqv.=1.84E-010*Burned material 
Emissions to air 
Benzene (air)=0.000379*Burned material 
Br, analysis (soot, gas)=6.18E-005*Burned material 
CO=0.0384*Burned material 
CO2 Fire, calculated=CO2, biogenic+CO2, fossil 
CO2 Fire, measured=1.39*Burned material 
CO2, biogenic=BurnPartSecSofaFire*CO2, biogenic formed 
CO2, fossil=BurnPartSecSofaFire*CO2, fossil formed 
DBDE (air)=3.8E-006*Burned material 
HBr (air)=BurnPartSecSofaFire*HBr, formed 
HCl (air)=BurnPartSecSofaFire*HCl, formed 
HCl measured (air)=0.0073*Burned material 
HCN=0.000925*Burned material 
Naphthalene (air)=1.1E-004*Burned material 
NH3 (air)=0.000689*Burned material 
NOx=0.00483*Burned material 
P (air)=BurnPartSecSofaFire*P, formed 
P, analysis (soot, gas)=1.32E-005*Burned material 
PAH=6.07E-005*Burned material 
PBDE (air) excl DBDE =5.23E-008*Burned material 
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Additional Equations 
Emissions to air 
Phenol (air)=0.000146*Burned material 
Sb (air)=BurnPartSecSofaFire*Sb, formed 
Sb, analysis (soot, gas)=1.2E-005*Burned material 
SO2=0.00189*Burned material 
Toluene (air)=6.1E-005*Burned material 
VOC=0.001475*Burned material 
Emissions to soil 
Br, analysis (ash)=0.002307*Unburned material 
P, analysis (ash)=0.00558*Unburned material 
Sb, analysis (ash)=0.003341*Unburned material 
Materials/Products 
Burnable material=Alme black fabric+Felt liner+Fibre wadding+Foam FR (A)+Foam FR (B)+Foam FR 
(C)+Foam nonFR (NA)+Foam nonFR (NB)+Foam nonFR (NC)+Foam nonFR (ND)+P-FR additive+Br-FR+P-
FR+White cover fabric+Wood/Particle board 
Burned material=BurnPartSecSofaFire*Burnable material 
Unburned material=Burnable material-Burned material 
Products 
Replaced sofas=0.5*Sofas 
Wastes, solid 
Fire waste (unburnt and ash)=Burnable material-Burned material+Steel/Iron 
 
 
Table 55 Equations defining the secondary sofa fire module for the P-FR sofa. 

Additional Equations 
Calculation variables 
CO2, biogenic formed=1.65*Alme black fabric+1.32*White cover fabric+1.24*Felt liner+1.65*Wood/Particle 
board 
CO2, fossil formed=0.458*White cover fabric+2.29*Fibre wadding+0.57*Felt liner+2.39*Foam nonFR 
(NA)+2.39*Foam nonFR (NB)+2.39*Foam nonFR (NC)+2.39*Foam nonFR (ND)+2.14*Foam FR 
(A)+2.14*Foam FR (B)+2.14*Foam FR (C)+0.9095*Br-FR+0.75*P-FR+1.4*P-FR additive 
HBr, formed=0.439*Br-FR 
HCl, formed=0.0388*Foam FR (A)+0.0303*Foam FR (B)+0.0284*Foam FR (C)+0.1106*Br-FR+0.00614*P-FR 
P, formed=0.12*P-FR+0.011*Foam FR (A)+0.0086*Foam FR (B)+0.008*Foam FR (C)+7E-007*Alme black 
fabric+5.6E-007*White cover fabric+5.25E-007*Felt liner+7E-005*Wood/Particle board 
Sb, formed=0.075*Br-FR 
Emissions 
Sum Br Dioxins=0*Burned material 
Sum Br Furans=0*Burned material 
Sum Cl Dioxins=0*Burned material 
Sum Cl Furans=3E-010*Burned material 
TBDD eqv.=0*Burned material 
TCDD eqv.=7.81E-012*Burned material 
Emissions to air 
Benzene (air)=0.000241*Burned material 
Br, analysis (soot, gas)=1.24E-005*Burned material 
CO=0.0246*Burned material 
CO2 Fire, calculated=CO2, biogenic+CO2, fossil 
CO2 Fire, measured=1.47*Burned material 
CO2, biogenic=BurnPartSecSofaFire*CO2, biogenic formed 
CO2, fossil=BurnPartSecSofaFire*CO2, fossil formed 
DBDE (air)=9E-008*Burned material 
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Additional Equations 
Emissions to air 
HBr (air)=BurnPartSecSofaFire*HBr, formed 
HCl (air)=BurnPartSecSofaFire*HCl, formed 
HCl measured (air)=0.00757*Burned material 
HCN=0*Burned material 
Naphthalene (air)=3.8E-005*Burned material 
NH3 (air)=0.000389*Burned material 
NOx=0.00696*Burned material 
P (air)=BurnPartSecSofaFire*P, formed 
P, analysis (soot, gas)=1.09E-005*Burned material 
PAH=2.92E-005*Burned material 
PBDE (air) excl DBDE =0*Burned material 
Phenol (air)=3.86E-005*Burned material 
Sb (air)=BurnPartSecSofaFire*Sb, formed 
Sb, analysis (soot, gas)=0*Burned material 
SO2=0.00202*Burned material 
Toluene (air)=4.2E-005*Burned material 
VOC=0.00126*Burned material 
Emissions to soil 
Br, analysis (ash)=4.1E-005*Unburned material 
P, analysis (ash)=0.0303*Unburned material 
Sb, analysis (ash)=2.58E-005*Unburned material 
Materials/Products 
Burnable material=Alme black fabric+Felt liner+Fibre wadding+Foam FR (A)+Foam FR (B)+Foam FR 
(C)+Foam nonFR (NA)+Foam nonFR (NB)+Foam nonFR (NC)+Foam nonFR (ND)+P-FR additive+Br-FR+P-
FR+White cover fabric+Wood/Particle board 
Burned material=BurnPartSecSofaFire*Burnable material 
Unburned material=Burnable material-Burned material 
Products 
Replaced sofas=0.5*Sofas 
Wastes, solid 
Fire waste (unburnt and ash)=Burnable material-Burned material+Steel/Iron 
 
 
Sofa/Room fire 
 
In the Sofa/Room fire modules the room fire experiments have been implemented. The 
modules contain all the different materials that are involved in the room fire i.e. the sofa, 
other interior materials and the room fraction of the house (walls, floors, ceiling etc.). The 
parameters used in the model are shown in Table 56 and the equations used in the calcu-
lations of the different flame retarded sofas can be found in Table 57 to Table 59.  
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Table 56 Parameter specification for the Sofa/Room fire modules. 

Inputs  Outputs  
Chemicals  Calculation variables  
Gypsum CaSO4 [kg] CO2, biogenic formed [kg] 
Materials/Products  CO2, fossil formed [kg] 
ABS plastics [kg] HBr, formed [kg] 
Alme black fabric [kg] HCl, formed [kg] 
Aluminium, Al [kg] P, formed [kg] 
Aluminium, Al electronics [kg] Sb, formed [kg] 
Brass [kg] TCDD eqv. dioxins [kg] 
Burnable material [kg] TCDD eqv. furans [kg] 
Burned material [kg] Emissions  
Copper, Cu [kg] Sum Br Dioxins [kg] 
Copper, Cu electronics [kg] Sum Br Furans [kg] 
Cotton DS [kg] Sum Cl Dioxins [kg] 
EPDM [kg] Sum Cl Furans [kg] 
Epoxy electronics [kg] TBDD eqv. [kg] 
Felt liner [kg] TCDD eqv. [kg] 
Fibre wadding [kg] Emissions to air  
Foam FR (A) [kg] Benzene (air) [kg] 
Foam FR (B) [kg] Br, analysis (soot, gas) [kg] 
Foam FR (C) [kg] CO [kg] 
Foam nonFR (NA) [kg] CO2 Fire, calculated [kg] 
Foam nonFR (NB) [kg] CO2 Fire, measured [kg] 
Foam nonFR (NC) [kg] CO2, biogenic [kg] 
Foam nonFR (ND) [kg] CO2, fossil [kg] 
Glass [kg] DBDE (air) [kg] 
Glass fibre/SiO2 electronics [kg] HBr (air) [kg] 
Iron, Fe [kg] HCl (air) [kg] 
Iron, Fe electronics [kg] HCl measured (air) [kg] 
Leather DS [kg] HCN [kg] 
P-FR additive [kg] Naphthalene (air) [kg] 
Br-FR [kg] NH3 (air) [kg] 
Paper DS [kg] NOx [kg] 
Polycarbonate (PC) [kg] P (air) [kg] 
Polyethene (PE) [kg] P, analysis (soot, gas) [kg] 
Polypropene (PP) [kg] PAH [kg] 
Polystyrene (HIPS) [kg] PBDE (air) excl DBDE  [kg] 
Polyurethane (PUR) [kg] Phenol (air) [kg] 
PVC [kg] Sb (air) [kg] 
P-FR [kg] Sb, analysis (soot, gas) [kg] 
Steel/Iron [kg] SO2 [kg] 
Unburned material [kg] Toluene (air) [kg] 
White cover fabric [kg] VOC [kg] 
Wood DS [kg] Emissions to soil  
Wood/Particle board [kg] Br, analysis (ash) [kg] 
Wool DS [kg] P, analysis (ash) [kg] 
Zinc, Zn [kg] Sb, analysis (ash) [kg] 
Products  Wastes, solid  
Replaced sofas [units] Fire waste (unburnt and ash) [kg] 
Sofas [units]   
TV set [units]   
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Inputs  Outputs  
Resources 
Marble [kg]   
Resources/Products    
Concrete [kg]   
Macadam [kg]   
Rockwool [kg]   
Specifications    
House fire area [m2]   
House replacement area [m2]   
Interior fire area [m2]   
DBDE = Deca bromo diphenyl ether 
PBDE = Polybrominated diphenyl ether 
 
 
Table 57 Equations defining the Sofa/Room fire module for the non flame retarded sofa. 

Additional Equations 
Calculation variables 
CO2, biogenic formed=1.65*Alme black fabric+1.32*White cover fabric+1.24*Felt liner+1.65*Wood/Particle 
board+1.8*Cotton DS+1.94*Leather DS+1.47*Paper DS+1.91*Wood DS+1.83*Wool DS 
CO2, fossil formed=0.458*White cover fabric+2.29*Fibre wadding+0.57*Felt liner+2.39*Foam nonFR 
(NA)+2.39*Foam nonFR (NB)+2.39*Foam nonFR (NC)+2.39*Foam nonFR (ND)+2.14*Foam FR (A)+2.14*Foam 
FR (B)+2.14*Foam FR (C)+0.9095*Br-FR+0.75*P-FR+1.4*P-FR additive+3.37*Polystyrene 
(HIPS)+2.27*Polyurethane (PUR)+1.41*PVC+3.14*EPDM+3.14*Polyethene (PE)+3.14*Polypropene 
(PP)+3.11*ABS plastics+2.78*Epoxy electronics+2.78*Polycarbonate (PC) 
HBr, formed=0.439*Br-FR 
HCl, formed=0.0388*Foam FR (A)+0.0303*Foam FR (B)+0.0284*Foam FR (C)+0.1106*Br-FR+0.00614*P-
FR+0.35*PVC 
P, formed=0.12*P-FR+0.011*Foam FR (A)+0.0086*Foam FR (B)+0.008*Foam FR (C)+7E-007*Alme black 
fabric+5.6E-007*White cover fabric+5.25E-007*Felt liner+7E-005*Wood/Particle board+7E-005*Wood DS+3.5E-
006*Paper DS 
Sb, formed=0.075*Br-FR 
TCDD eqv. dioxins=2.35E-013*Burned material 
TCDD eqv. furans=9.41E-010*Sofas 
Emissions 
Sum Br Dioxins=0*Sofas 
Sum Br Furans=0*Sofas 
Sum Cl Dioxins=1.57E-011*Burned material 
Sum Cl Furans=8.97E-008*Sofas 
TBDD eqv.=0*Sofas 
TCDD eqv.=TCDD eqv. dioxins+TCDD eqv. furans 
Emissions to air 
Benzene (air)=0.0013*Burned material 
Br, analysis (soot, gas)=0.000816*Sofas 
CO=0.0324*Burned material 
CO2 Fire, calculated=CO2, biogenic+CO2, fossil 
CO2 Fire, measured=0.917*Burned material 
CO2, biogenic=BurnPartSofaRoomFire*CO2, biogenic formed 
CO2, fossil=BurnPartSofaRoomFire*CO2, fossil formed 
DBDE (air)=4.3E-007*Sofas 
HBr (air)=BurnPartSofaRoomFire*HBr, formed 
HCl (air)=BurnPartSofaRoomFire*HCl, formed 
HCl measured (air)=0.000597*Burned material 
HCN=0.000949*Burned material 
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Additional Equations 
Emissions to air 
Naphthalene (air)=0.000284*Burned material 
NH3 (air)=0.000505*Burned material 
NOx=0.00135*Burned material 
P (air)=BurnPartSofaRoomFire*P, formed 
P, analysis (soot, gas)=1.5E-005*Burned material 
PAH=0.000447*Burned material 
PBDE (air) excl DBDE =0*Sofas 
Phenol (air)=5.51E-005*Burned material 
Sb (air)=BurnPartSofaRoomFire*Sb, formed 
Sb, analysis (soot, gas)=0*Sofas 
SO2=0.00346*Burned material+0.047*Gypsum CaSO4 
Toluene (air)=0.000119*Burned material 
VOC=0.00218*Burned material 
Emissions to soil 
Br, analysis (ash)=7E-006*Unburned material 
P, analysis (ash)=3E-005*Unburned material 
Sb, analysis (ash)=5E-007*Unburned material 
Materials/Products 
Burnable material=Alme black fabric+Cotton DS+EPDM+Felt liner+Fibre wadding+Foam FR (A)+Foam FR 
(B)+Foam FR (C)+Foam nonFR (NA)+Foam nonFR (NB)+Foam nonFR (NC)+Foam nonFR (ND)+Leather DS+P-
FR additive+Br-FR+Paper DS+Polyethene (PE)+Polypropene (PP)+Polystyrene (HIPS)+Polyurethane 
(PUR)+PVC+P-FR+White cover fabric+Wood DS+Wood/Particle board+Wool DS+ABS plastics+Epoxy elec-
tronics+Polycarbonate (PC) 
Burned material=BurnPartSofaRoomFire*Burnable material 
Unburned material=Burnable material-Burned material 
Products 
Replaced sofas=0.5*Sofas 
TV set=Sofas 
Specifications 
House fire area=16*Sofas 
House replacement area=8*Sofas 
Interior fire area=16*Sofas 
Wastes, solid 
Fire waste (unburnt and ash)=Burnable material-Burned material+Gypsum CaSO4+Brass+Copper, 
Cu+Steel/Iron+Marble+Concrete+Macadam+Rockwool+Aluminium, Al+Aluminium, Al electronics+Copper, Cu 
electronics+Glass+Glass fibre/SiO2 electronics+Iron, Fe+Iron, Fe electronics+Zinc, Zn 
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Table 58 Equations defining the Sofa/Room fire module for the Br-FR sofa. 

Additional Equations 
Calculation variables 
CO2, biogenic formed=1.65*Alme black fabric+1.32*White cover fabric+1.24*Felt liner+1.65*Wood/Particle 
board+1.8*Cotton DS+1.94*Leather DS+1.47*Paper DS+1.91*Wood DS+1.83*Wool DS 
CO2, fossil formed=0.458*White cover fabric+2.29*Fibre wadding+0.57*Felt liner+2.39*Foam nonFR 
(NA)+2.39*Foam nonFR (NB)+2.39*Foam nonFR (NC)+2.39*Foam nonFR (ND)+2.14*Foam FR (A)+2.14*Foam 
FR (B)+2.14*Foam FR (C)+0.9095*Br-FR+0.75*P-FR+1.4*P-FR additive+3.37*Polystyrene 
(HIPS)+2.27*Polyurethane (PUR)+1.41*PVC+3.14*EPDM+3.14*Polyethene (PE)+3.14*Polypropene 
(PP)+3.11*ABS plastics+2.78*Epoxy electronics+2.78*Polycarbonate (PC) 
HBr, formed=0.439*Br-FR 
HCl, formed=0.0388*Foam FR (A)+0.0303*Foam FR (B)+0.0284*Foam FR (C)+0.1106*Br-FR+0.00614*P-
FR+0.35*PVC 
P, formed=0.12*P-FR+0.011*Foam FR (A)+0.0086*Foam FR (B)+0.008*Foam FR (C)+7E-007*Alme black 
fabric+5.6E-007*White cover fabric+5.25E-007*Felt liner+7E-005*Wood/Particle board+7E-005*Wood DS+3.5E-
006*Paper DS 
Sb, formed=0.075*Br-FR 
TCDD eqv. dioxins=3.51E-012*Burned material 
TCDD eqv. furans=1.67E-008*Sofas 
Emissions 
Sum Br Dioxins=0*Sofas 
Sum Br Furans=3.91E-006*Sofas 
Sum Cl Dioxins=1.45E-011*Burned material 
Sum Cl Furans=2.107E-006*Sofas 
TBDD eqv.=4.24E-007*Sofas 
TCDD eqv.=TCDD eqv. dioxins+TCDD eqv. furans 
Emissions to air 
Benzene (air)=0.00134*Burned material 
Br, analysis (soot, gas)=0.002533*Sofas 
CO=0.0412*Burned material 
CO2 Fire, calculated=CO2, biogenic+CO2, fossil 
CO2 Fire, measured=0.944*Burned material 
CO2, biogenic=BurnPartSofaRoomFire*CO2, biogenic formed 
CO2, fossil=BurnPartSofaRoomFire*CO2, fossil formed 
DBDE (air)=0.000189*Sofas 
HBr (air)=BurnPartSofaRoomFire*HBr, formed 
HCl (air)=BurnPartSofaRoomFire*HCl, formed 
HCl measured (air)=0.000622*Burned material 
HCN=0.00136*Burned material 
Naphthalene (air)=0.000377*Burned material 
NH3 (air)=0.00106*Burned material 
NOx=0.000761*Burned material 
P (air)=BurnPartSofaRoomFire*P, formed 
P, analysis (soot, gas)=7E-006*Burned material 
PAH=0.000382*Burned material 
PBDE (air) excl DBDE =4.681E-006*Sofas 
Phenol (air)=7.23E-005*Burned material 
Sb (air)=BurnPartSofaRoomFire*Sb, formed 
Sb, analysis (soot, gas)=0.000537*Sofas 
SO2=0.00415*Burned material+0.047*Gypsum CaSO4 
Toluene (air)=0.000154*Burned material 
VOC=0.00279*Burned material 
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Additional Equations 
 
Emissions to soil 
Br, analysis (ash)=1.7E-005*Unburned material 
P, analysis (ash)=0.00018*Unburned material 
Sb, analysis (ash)=2E-006*Unburned material 
Materials/Products 
Burnable material=Alme black fabric+Cotton DS+EPDM+Felt liner+Fibre wadding+Foam FR (A)+Foam FR 
(B)+Foam FR (C)+Foam nonFR (NA)+Foam nonFR (NB)+Foam nonFR (NC)+Foam nonFR (ND)+Leather DS+P-
FR additive+Br-FR+Paper DS+Polyethene (PE)+Polypropene (PP)+Polystyrene (HIPS)+Polyurethane 
(PUR)+PVC+P-FR+White cover fabric+Wood DS+Wood/Particle board+Wool DS+ABS plastics+Epoxy elec-
tronics+Polycarbonate (PC) 
Burned material=BurnPartSofaRoomFire*Burnable material 
Unburned material=Burnable material-Burned material 
Products 
Replaced sofas=0.5*Sofas 
TV set=Sofas 
Specifications 
House fire area=16*Sofas 
House replacement area=8*Sofas 
Interior fire area=16*Sofas 
Wastes, solid 
Fire waste (unburnt and ash)=Burnable material-Burned material+Gypsum CaSO4+Brass+Copper, 
Cu+Steel/Iron+Marble+Concrete+Macadam+Rockwool+Aluminium, Al+Aluminium, Al electronics+Copper, Cu 
electronics+Glass+Glass fibre/SiO2 electronics+Iron, Fe+Iron, Fe electronics+Zinc, Zn 
 
 
Table 59 Equations defining the Sofa/Room fire module for the P-FR sofa. 

Additional Equations 
Calculation variables 
CO2, biogenic formed=1.65*Alme black fabric+1.32*White cover fabric+1.24*Felt liner+1.65*Wood/Particle 
board+1.8*Cotton DS+1.94*Leather DS+1.47*Paper DS+1.91*Wood DS+1.83*Wool DS 
CO2, fossil formed=0.458*White cover fabric+2.29*Fibre wadding+0.57*Felt liner+2.39*Foam nonFR 
(NA)+2.39*Foam nonFR (NB)+2.39*Foam nonFR (NC)+2.39*Foam nonFR (ND)+2.14*Foam FR 
(A)+2.14*Foam FR (B)+2.14*Foam FR (C)+0.9095*Br-FR+0.75*P-FR+1.4*P-FR additive+3.37*Polystyrene 
(HIPS)+2.27*Polyurethane (PUR)+1.41*PVC+3.14*EPDM+3.14*Polyethene (PE)+3.14*Polypropene 
(PP)+3.11*ABS plastics+2.78*Epoxy electronics+2.78*Polycarbonate (PC) 
HBr, formed=0.439*Br-FR 
HCl, formed=0.0388*Foam FR (A)+0.0303*Foam FR (B)+0.0284*Foam FR (C)+0.1106*Br-FR+0.00614*P-
FR+0.35*PVC 
P, formed=0.12*P-FR+0.011*Foam FR (A)+0.0086*Foam FR (B)+0.008*Foam FR (C)+7E-007*Alme black 
fabric+5.6E-007*White cover fabric+5.25E-007*Felt liner+7E-005*Wood/Particle board+7E-005*Wood 
DS+3.5E-006*Paper DS 
Sb, formed=0.075*Br-FR 
TCDD eqv. dioxins=2.06E-013*Burned material 
TCDD eqv. furans=3.62E-009*Sofas 
Emissions 
Sum Br Dioxins=1.1E-008*Sofas 
Sum Br Furans=0*Sofas 
Sum Cl Dioxins=1.6E-011*Burned material 
Sum Cl Furans=4.84E-007*Sofas 
TBDD eqv.=1.1E-008*Sofas 
TCDD eqv.=TCDD eqv. dioxins+TCDD eqv. furans 
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Additional Equations 
 
Emissions to air 
Benzene (air)=0.00131*Burned material 
Br, analysis (soot, gas)=0.000701*Sofas 
CO=0.0306*Burned material 
CO2 Fire, calculated=CO2, biogenic+CO2, fossil 
CO2 Fire, measured=0.952*Burned material 
CO2, biogenic=BurnPartSofaRoomFire*CO2, biogenic formed 
CO2, fossil=BurnPartSofaRoomFire*CO2, fossil formed 
DBDE (air)=4.498E-006*Sofas 
HBr (air)=BurnPartSofaRoomFire*HBr, formed 
HCl (air)=BurnPartSofaRoomFire*HCl, formed 
HCl measured (air)=0.000756*Burned material 
HCN=0.000975*Burned material 
Naphthalene (air)=0.000341*Burned material 
NH3 (air)=0.000781*Burned material 
NOx=0.00105*Burned material 
P (air)=BurnPartSofaRoomFire*P, formed 
P, analysis (soot, gas)=2.5E-005*Burned material 
PAH=0.000364*Burned material 
PBDE (air) excl DBDE =4.6E-007*Sofas 
Phenol (air)=8.09E-005*Burned material 
Sb (air)=BurnPartSofaRoomFire*Sb, formed 
Sb, analysis (soot, gas)=0*Sofas 
SO2=0.00432*Burned material+0.047*Gypsum CaSO4 
Toluene (air)=0.00013*Burned material 
VOC=0.00313*Burned material 
Emissions to soil 
Br, analysis (ash)=1E-006*Unburned material 
P, analysis (ash)=1E-005*Unburned material 
Sb, analysis (ash)=1E-007*Unburned material 
Materials/Products 
Burnable material=Alme black fabric+Cotton DS+EPDM+Felt liner+Fibre wadding+Foam FR (A)+Foam FR 
(B)+Foam FR (C)+Foam nonFR (NA)+Foam nonFR (NB)+Foam nonFR (NC)+Foam nonFR (ND)+Leather 
DS+P-FR additive+Br-FR+Paper DS+Polyethene (PE)+Polypropene (PP)+Polystyrene (HIPS)+Polyurethane 
(PUR)+PVC+P-FR+White cover fabric+Wood DS+Wood/Particle board+Wool DS+ABS plastics+Epoxy 
electronics+Polycarbonate (PC) 
Burned material=BurnPartSofaRoomFire*Burnable material 
Unburned material=Burnable material-Burned material 
Products 
Replaced sofas=0.5*Sofas 
TV set=Sofas 
Specifications 
House fire area=16*Sofas 
House replacement area=8*Sofas 
Interior fire area=16*Sofas 
Wastes, solid 
Fire waste (unburnt and ash)=Burnable material-Burned material+Gypsum CaSO4+Brass+Copper, 
Cu+Steel/Iron+Marble+Concrete+Macadam+Rockwool+Aluminium, Al+Aluminium, Al electronics+Copper, Cu 
electronics+Glass+Glass fibre/SiO2 electronics+Iron, Fe+Iron, Fe electronics+Zinc, Zn 
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Sofa/House fire 
 
The Sofa/House fire modules represents the data for a fire that includes an entire house 
with two sofas. The data for the Sofa/House fire are based on the room fire experiments 
and are basically the same data as for the Sofa/Room fire modules however with some 
modifications. The parameter list for the Sofa/House fires is identical to the list for the 
Sofa/Room fires presented in Table 56. The equations defining the modules are shown in 
Table 60 to Table 62.  
 
Table 60 Equations defining the Sofa/House fire module for the non flame retarded sofa. 

Additional Equations 
Calculation variables 
CO2, biogenic formed=1.65*Alme black fabric+1.32*White cover fabric+1.24*Felt liner+1.65*Wood/Particle 
board+1.8*Cotton DS+1.94*Leather DS+1.47*Paper DS+1.91*Wood DS+1.83*Wool DS 
CO2, fossil formed=0.458*White cover fabric+2.29*Fibre wadding+0.57*Felt liner+2.39*Foam nonFR 
(NA)+2.39*Foam nonFR (NB)+2.39*Foam nonFR (NC)+2.39*Foam nonFR (ND)+2.14*Foam FR (A)+2.14*Foam 
FR (B)+2.14*Foam FR (C)+0.9095*Br-FR+0.75*P-FR+1.4*P-FR additive+3.37*Polystyrene 
(HIPS)+2.27*Polyurethane (PUR)+1.41*PVC+3.14*EPDM+3.14*Polyethene (PE)+3.14*Polypropene 
(PP)+3.11*ABS plastics+2.78*Epoxy electronics+2.78*Polycarbonate (PC) 
HBr, formed=0.439*Br-FR 
HCl, formed=0.0388*Foam FR (A)+0.0303*Foam FR (B)+0.0284*Foam FR (C)+0.1106*Br-FR+0.00614*P-
FR+0.35*PVC 
P, formed=0.12*P-FR+0.011*Foam FR (A)+0.0086*Foam FR (B)+0.008*Foam FR (C)+7E-007*Alme black 
fabric+5.6E-007*White cover fabric+5.25E-007*Felt liner+7E-005*Wood/Particle board+7E-005*Wood DS+3.5E-
006*Paper DS 
Sb, formed=0.075*Br-FR 
TCDD eqv. dioxins=2.35E-013*Burned material 
TCDD eqv. furans=1.88E-009*Sofas 
Emissions 
Sum Br Dioxins=0*Sofas 
Sum Br Furans=0*Sofas 
Sum Cl Dioxins=1.57E-011*Burned material 
Sum Cl Furans=1.79E-007*Sofas 
TBDD eqv.=0*Sofas 
TCDD eqv.=TCDD eqv. dioxins+TCDD eqv. furans 
Emissions to air 
Benzene (air)=0.0013*Burned material 
Br, analysis (soot, gas)=0.000816*Sofas 
CO=0.0324*Burned material 
CO2 Fire, calculated=CO2, biogenic+CO2, fossil 
CO2 Fire, measured=0.917*Burned material 
CO2, biogenic=BurnPartSofaHouseFire*CO2, biogenic formed 
CO2, fossil=BurnPartSofaHouseFire*CO2, fossil formed 
DBDE (air)=8.6E-007*Sofas 
HBr (air)=BurnPartSofaHouseFire*HBr, formed 
HCl (air)=BurnPartSofaHouseFire*HCl, formed 
HCl measured (air)=0.000597*Burned material 
HCN=0.000949*Burned material 
Naphthalene (air)=0.000284*Burned material 
NH3 (air)=0.000505*Burned material 
NOx=0.00135*Burned material 
P (air)=BurnPartSofaHouseFire*P, formed 
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Additional Equations 
P, analysis (soot, gas)=1.5E-005*Burned material 
Emissions to air 
PAH=0.000447*Burned material 
PBDE (air) excl DBDE =0*Sofas 
Phenol (air)=5.51E-005*Burned material 
Sb (air)=BurnPartSofaHouseFire*Sb, formed 
Sb, analysis (soot, gas)=0*Sofas 
SO2=0.00346*Burned material+0.047*Gypsum CaSO4 
Toluene (air)=0.000119*Burned material 
VOC=0.00218*Burned material 
Emissions to soil 
Br, analysis (ash)=7E-006*Unburned material 
P, analysis (ash)=3E-005*Unburned material 
Sb, analysis (ash)=5E-007*Unburned material 
Materials/Products 
Burnable material=Alme black fabric+Cotton DS+EPDM+Felt liner+Fibre wadding+Foam FR (A)+Foam FR 
(B)+Foam FR (C)+Foam nonFR (NA)+Foam nonFR (NB)+Foam nonFR (NC)+Foam nonFR (ND)+Leather DS+P-
FR additive+Br-FR+Paper DS+Polyethene (PE)+Polypropene (PP)+Polystyrene (HIPS)+Polyurethane 
(PUR)+PVC+P-FR+White cover fabric+Wood DS+Wood/Particle board+Wool DS+ABS plastics+Epoxy elec-
tronics+Polycarbonate (PC) 
Burned material=BurnPartSofaHouseFire*Burnable material 
Unburned material=Burnable material-Burned material 
Products 
Replaced sofas=0.5*Sofas 
TV set=Sofas 
Specifications 
House fire area=121*Sofas 
House replacement area=60.5*Sofas 
Interior fire area=121*Sofas 
Wastes, solid 
Fire waste (unburnt and ash)=Burnable material-Burned material+Gypsum CaSO4+Brass+Copper, 
Cu+Steel/Iron+Marble+Concrete+Macadam+Rockwool+Aluminium, Al+Aluminium, Al electronics+Copper, Cu 
electronics+Glass+Glass fibre/SiO2 electronics+Iron, Fe+Iron, Fe electronics+Zinc, Zn 
 
 
Table 61 Equations defining the Sofa/House fire module for the Br-FR sofa. 

Additional Equations 
Calculation variables 
CO2, biogenic formed=1.65*Alme black fabric+1.32*White cover fabric+1.24*Felt liner+1.65*Wood/Particle 
board+1.8*Cotton DS+1.94*Leather DS+1.47*Paper DS+1.91*Wood DS+1.83*Wool DS 
CO2, fossil formed=0.458*White cover fabric+2.29*Fibre wadding+0.57*Felt liner+2.39*Foam nonFR 
(NA)+2.39*Foam nonFR (NB)+2.39*Foam nonFR (NC)+2.39*Foam nonFR (ND)+2.14*Foam FR (A)+2.14*Foam 
FR (B)+2.14*Foam FR (C)+0.9095*Br-FR+0.75*P-FR+1.4*P-FR additive+3.37*Polystyrene 
(HIPS)+2.27*Polyurethane (PUR)+1.41*PVC+3.14*EPDM+3.14*Polyethene (PE)+3.14*Polypropene 
(PP)+3.11*ABS plastics+2.78*Epoxy electronics+2.78*Polycarbonate (PC) 
HBr, formed=0.439*Br-FR 
HCl, formed=0.0388*Foam FR (A)+0.0303*Foam FR (B)+0.0284*Foam FR (C)+0.1106*Br-FR+0.00614*P-
FR+0.35*PVC 
P, formed=0.12*P-FR+0.011*Foam FR (A)+0.0086*Foam FR (B)+0.008*Foam FR (C)+7E-007*Alme black 
fabric+5.6E-007*White cover fabric+5.25E-007*Felt liner+7E-005*Wood/Particle board+7E-005*Wood DS+3.5E-
006*Paper DS 
Sb, formed=0.075*Br-FR 
TCDD eqv. dioxins=3.51E-012*Burned material 
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Additional Equations 
TCDD eqv. furans=3.34E-008*Sofas 
Emissions 
Sum Br Dioxins=0*Sofas 
Sum Br Furans=7.82E-006*Sofas 
Sum Cl Dioxins=1.45E-011*Burned material 
Sum Cl Furans=4.214E-006*Sofas 
TBDD eqv.=8.47E-007*Sofas 
TCDD eqv.=TCDD eqv. dioxins+TCDD eqv. furans 
Emissions to air 
Benzene (air)=0.00134*Burned material 
Br, analysis (soot, gas)=0.002533*Sofas 
CO=0.0412*Burned material 
CO2 Fire, calculated=CO2, biogenic+CO2, fossil 
CO2 Fire, measured=0.944*Burned material 
CO2, biogenic=BurnPartSofaHouseFire*CO2, biogenic formed 
CO2, fossil=BurnPartSofaHouseFire*CO2, fossil formed 
DBDE (air)=0.000378*Sofas 
HBr (air)=BurnPartSofaHouseFire*HBr, formed 
HCl (air)=BurnPartSofaHouseFire*HCl, formed 
HCl measured (air)=0.000622*Burned material 
HCN=0.00136*Burned material 
Naphthalene (air)=0.000377*Burned material 
NH3 (air)=0.00106*Burned material 
NOx=0.000761*Burned material 
P (air)=BurnPartSofaHouseFire*P, formed 
P, analysis (soot, gas)=7E-006*Burned material 
PAH=0.000382*Burned material 
PBDE (air) excl DBDE =9.362E-006*Sofas 
Phenol (air)=7.23E-005*Burned material 
Sb (air)=BurnPartSofaHouseFire*Sb, formed 
Sb, analysis (soot, gas)=0.001074*Sofas 
SO2=0.00415*Burned material+0.047*Gypsum CaSO4 
Toluene (air)=0.000154*Burned material 
VOC=0.00279*Burned material 
Emissions to soil 
Br, analysis (ash)=1.7E-005*Unburned material 
P, analysis (ash)=0.00018*Unburned material 
Sb, analysis (ash)=2E-006*Unburned material 
Materials/Products 
Burnable material=Alme black fabric+Cotton DS+EPDM+Felt liner+Fibre wadding+Foam FR (A)+Foam FR 
(B)+Foam FR (C)+Foam nonFR (NA)+Foam nonFR (NB)+Foam nonFR (NC)+Foam nonFR (ND)+Leather DS+P-
FR additive+Br-FR+Paper DS+Polyethene (PE)+Polypropene (PP)+Polystyrene (HIPS)+Polyurethane 
(PUR)+PVC+P-FR+White cover fabric+Wood DS+Wood/Particle board+Wool DS+ABS plastics+Epoxy 
electronics+Polycarbonate (PC) 
Burned material=BurnPartSofaHouseFire*Burnable material 
Unburned material=Burnable material-Burned material 
Products 
Replaced sofas=0.5*Sofas 
TV set=Sofas 
Specifications 
House fire area=121*Sofas 
House replacement area=60.5*Sofas 
Interior fire area=121*Sofas 
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Additional Equations 
 
Wastes, solid 
Fire waste (unburnt and ash)=Burnable material-Burned material+Gypsum CaSO4+Brass+Copper, 
Cu+Steel/Iron+Marble+Concrete+Macadam+Rockwool+Aluminium, Al+Aluminium, Al electronics+Copper, Cu 
electronics+Glass+Glass fibre/SiO2 electronics+Iron, Fe+Iron, Fe electronics+Zinc, Zn 
 
 
Table 62 Equations defining the Sofa/House fire module for the P-FR sofa. 

Additional Equations 
Calculation variables 
CO2, biogenic formed=1.65*Alme black fabric+1.32*White cover fabric+1.24*Felt liner+1.65*Wood/Particle 
board+1.8*Cotton DS+1.94*Leather DS+1.47*Paper DS+1.91*Wood DS+1.83*Wool DS 
CO2, fossil formed=0.458*White cover fabric+2.29*Fibre wadding+0.57*Felt liner+2.39*Foam nonFR 
(NA)+2.39*Foam nonFR (NB)+2.39*Foam nonFR (NC)+2.39*Foam nonFR (ND)+2.14*Foam FR (A)+2.14*Foam 
FR (B)+2.14*Foam FR (C)+0.9095*Br-FR+0.75*P-FR+1.4*P-FR additive+3.37*Polystyrene 
(HIPS)+2.27*Polyurethane (PUR)+1.41*PVC+3.14*EPDM+3.14*Polyethene (PE)+3.14*Polypropene 
(PP)+3.11*ABS plastics+2.78*Epoxy electronics+2.78*Polycarbonate (PC) 
HBr, formed=0.439*Br-FR 
HCl, formed=0.0388*Foam FR (A)+0.0303*Foam FR (B)+0.0284*Foam FR (C)+0.1106*Br-FR+0.00614*P-
FR+0.35*PVC 
P, formed=0.12*P-FR+0.011*Foam FR (A)+0.0086*Foam FR (B)+0.008*Foam FR (C)+7E-007*Alme black 
fabric+5.6E-007*White cover fabric+5.25E-007*Felt liner+7E-005*Wood/Particle board+7E-005*Wood DS+3.5E-
006*Paper DS 
Sb, formed=0.075*Br-FR 
TCDD eqv. dioxins=2.06E-013*Burned material 
TCDD eqv. furans=7.24E-009*Sofas 
Emissions 
Sum Br Dioxins=2.2E-008*Sofas 
Sum Br Furans=0*Sofas 
Sum Cl Dioxins=1.6E-011*Burned material 
Sum Cl Furans=9.68E-007*Sofas 
TBDD eqv.=2.2E-008*Sofas 
TCDD eqv.=TCDD eqv. dioxins+TCDD eqv. furans 
Emissions to air 
Benzene (air)=0.00131*Burned material 
Br, analysis (soot, gas)=0.000701*Sofas 
CO=0.0306*Burned material 
CO2 Fire, calculated=CO2, biogenic+CO2, fossil 
CO2 Fire, measured=0.952*Burned material 
CO2, biogenic=BurnPartSofaHouseFire*CO2, biogenic formed 
CO2, fossil=BurnPartSofaHouseFire*CO2, fossil formed 
DBDE (air)=8.996E-006*Sofas 
HBr (air)=BurnPartSofaHouseFire*HBr, formed 
HCl (air)=BurnPartSofaHouseFire*HCl, formed 
HCl measured (air)=0.000756*Burned material 
HCN=0.000975*Burned material 
Naphthalene (air)=0.000341*Burned material 
NH3 (air)=0.000781*Burned material 
NOx=0.00105*Burned material 
P (air)=BurnPartSofaHouseFire*P, formed 
P, analysis (soot, gas)=2.5E-005*Burned material 
PAH=0.000364*Burned material 
PBDE (air) excl DBDE =9.2E-007*Sofas 
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Additional Equations 
Phenol (air)=8.09E-005*Burned material 
Emissions to air 
Sb (air)=BurnPartSofaHouseFire*Sb, formed 
Sb, analysis (soot, gas)=0*Sofas 
SO2=0.00432*Burned material+0.047*Gypsum CaSO4 
Toluene (air)=0.00013*Burned material 
VOC=0.00313*Burned material 
Emissions to soil 
Br, analysis (ash)=1E-006*Unburned material 
P, analysis (ash)=1E-005*Unburned material 
Sb, analysis (ash)=1E-007*Unburned material 
Materials/Products 
Burnable material=Alme black fabric+Cotton DS+EPDM+Felt liner+Fibre wadding+Foam FR (A)+Foam FR 
(B)+Foam FR (C)+Foam nonFR (NA)+Foam nonFR (NB)+Foam nonFR (NC)+Foam nonFR (ND)+Leather DS+P-
FR additive+Br-FR+Paper DS+Polyethene (PE)+Polypropene (PP)+Polystyrene (HIPS)+Polyurethane 
(PUR)+PVC+P-FR+White cover fabric+Wood DS+Wood/Particle board+Wool DS+ABS plastics+Epoxy 
electronics+Polycarbonate (PC) 
Burned material=BurnPartSofaHouseFire*Burnable material 
Unburned material=Burnable material-Burned material 
Products 
Replaced sofas=0.5*Sofas 
TV set=Sofas 
Specifications 
House fire area=121*Sofas 
House replacement area=60.5*Sofas 
Interior fire area=121*Sofas 
Wastes, solid 
Fire waste (unburnt and ash)=Burnable material-Burned material+Gypsum CaSO4+Brass+Copper, 
Cu+Steel/Iron+Marble+Concrete+Macadam+Rockwool+Aluminium, Al+Aluminium, Al electronics+Copper, Cu 
electronics+Glass+Glass fibre/SiO2 electronics+Iron, Fe+Iron, Fe electronics+Zinc, Zn 
 
 
7. Electric Power Production 
 
Electric power production mix 
 
The variation in emissions and resource use from electric power production can be 
divided in two different and important parts, i.e.:  
 
1. those due to technical differences for a certain production type, and 
2. those due to different production mix in a geographic area.  
 
The variations for a certain production type, e.g. coal based electric power production, 
can originate from different levels of technology different plants, different cleaning 
equipment, different fuel qualities etc. In order to describe this situation for any given 
country an updated set of measurement data are required for all production plants in that 
region. It is usually not possible to receive this type of information. Thus, in this project 
standardised electric power production units have been used. In a geographic area the 
specifications for the power production also vary due to differences in the production mix 
of different production types i.e. hydro power, nuclear power, coal power etc. This power 
mix has a strong influence on the overall specifications of the power production. The 
power mix is easier to estimate for a certain region. Thus, the power mix has been used to 
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estimate the power production specifications for the different regions in the model. The 
power production mixes for the different regions are shown in Table 63.  
Table 63: Electric power production mixes used in the models. 

Power production type OECD1) (%) USA/Israel2) (%) China3) (%) 

Hydro power 17 5.6 18 
Nuclear power 23.4 10.1 1.5 
Coal power 39 56.1 75.9 
Natural gas power 13.3 4.5 0 
Fuel oil power 7.3 23.7 4.6 

1) Average electric power production mix for the OECD countries (year 1997). Solar, wind, 
geothermal and renewable, in total < 2 % have not been considered.  

2) A mixture of electric power production mix for Israel and USA.  
3) Power mix for China (year 1994).  
 
For general electric power production the OECD power production mix has been used. 
However, the power production mix has been changed for some specific products pro-
duced in specified regions to achieve more representative data. Most of the brominated 
flame retardants are produced in Israel and in the United States. Thus, a mixture of elec-
tric power production mix for Israel and USA has been used. A large producer of anti-
mony is China and China has also been selected to represent the antimony production in 
the models. Thus, the China power production mix has been used for the antimony pro-
duction units except for the production steps performed in Europe and in the USA where 
an OECD power mix has been used.  
 
Hydro power production 
 
The data cover weighted average values from three hydropower plants, Seitevare, 
Harsprånget and Boden. Data sources are data from Vattenfall9 supplemented with 
unpublished data from Vattenfall. The data include the entire life cycle, extraction of fuel, 
construction, demolition and operation of the plant, and residual products. The consump-
tion of primary nuclear energy has been calculated from the stated consumption assuming 
30 % efficiency of a nuclear power plant. Inventory data are presented in Table 64.  
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Table 64 LCI data for production of hydro power. Data refer to the production of 1 MJ 
electric power. 

Inputs Value Unit Outputs Value Unit 
Chemicals  Emissions to air  
Ammonia 1.25E-06 kg CO 1.58E-06 kg 
H2SO4 4.00E-07 kg CO2, fossil 0.000198 kg 
HNO3 4.70E-06 kg HC (air) 3.38E-07 kg 
Energy resources  NOX 1.65E-06 kg 
Coal 0.000742 MJ SO2 5.10E-07 kg 
Crude oil 0.00054 MJ Emissions to water  
Natural gas 4.10E-05 MJ COD 4.00E-10 kg 
Nuclear 0.00029 MJ N, total (aq) 6.30E-10 kg 
Energy resources-renewable  Oil 6.90E-10 kg 
Biomass fuel 0.00718 MJ Energy carriers  
Hydro Power 1.00011 MJ Electric power 1 MJ 
Materials/Products    
Wood 0.00033 kg   
Resources    
Bauxite AlO(OH) 3.20E-08 kg   
Copper, Cu (ore) 8.70E-05 kg   
Iron, Fe (ore) 4.60E-05 kg   
Land 9.90E-05 m2   
Lead, Pb (ore) 8.20E-06 kg   
 
 
Nuclear power production 
 
The model is based on data from Vattenfall9 supplemented with unpublished data from 
Vattenfall. Data include the entire life cycle, extraction of fuel, construction, demolition 
and operation of the plant and residual products. Only emissions to air and water and 
residual products are considered. Some chemicals used in minor amounts have been left 
out. The input of nuclear power has been calculated from a stated consumption of 2.31E-
2 g of natural uranium (U3O8)/kWh electricity. The energy content of natural uranium is 
140000 kWh/kg (AB Svensk Energiförsörjning (1994), "Energifakta"). 
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Table 65 LCI data for production of 1 MJ of nuclear based electric power.  

Inputs Value Unit Outputs Value Unit 
Chemicals  Emissions to air  
Ammonia 4.23E-06 kg CO 1.09E-06 kg 
H2SO4 4.61E-05 kg CO2 0.000783 kg 
HNO3 2.39E-06 kg HC (air) 6.53E-06 kg 
Ion exchange resin 2.67E-07 kg NOX 4.63E-06 kg 
Lime 2.78E-05 kg Particles 2.19E-06 kg 
Oxygen, O2 0.000322 kg Radioactive emiss. 28400 Bq 
Energy resources  SO2 3.58E-06 kg 
Coal 0.00553 MJ Emissions to water  
Crude oil 0.00357 MJ COD 1.71E-08 kg 
Natural gas 0.000996 MJ N, total (aq) 4.68E-07 kg 
Nuclear 3.27 MJ NH3/NH4 (aq) 2.93E-07 kg 
Energy resources-renewable  Nitrate (aq) 1.06E-06 kg 
Biomass fuel 5.99E-05 MJ SO4 ions (aq) 2.75E-07 kg 
Hydro Power 0.00328 MJ Suspended solids (aq) 2.75E-07 kg 
Materials/Products  Energy carriers  
Wood 1.30E-05 kg Electric power 1 MJ 
Resources  Wastes, solid  
Bauxite AlO(OH) 1.04E-07 kg Highl radioact. 2.11E-05 kg 
Copper, Cu (ore) 0.000629 kg Low radioact. 0.00761 dm3 
Iron, Fe (ore) 4.25E-05 kg Medium radioactiv. 3.33E-06 dm3 
Lead, Pb (ore) 6.51E-06 kg Waste, industrial 0.00548 kg 
 
 
Coal power production 
 
Production data for black coal based electric power production. Data reflect a technology 
level from 1995. Cleaning equipment: Electro filter, SO2 reduction equipment and SNCR 
for NOX reduction. Condensing power or backpressure operation can be altered by the 
electric power output from the module.  
 
Table 66 Production data for black coal based electric power production. Data are shown 

for combustion of 1 MJ of coal.  

Inputs Value Unit Outputs Value Unit 
Energy resources   Emissions to air   
Coal 1 MJ CO 1.00E-05 kg 

   CO2, fossil 0.105 kg 
   NOX 5.00E-05 kg 
   Particles 2.00E-05 kg 
   SO2 5.00E-05 kg 
   Energy carriers   
   Electric power 0.35 1) MJ 
   Wastes, solid   
   Slag and Ash 0.005 kg 

1) 0.35 MJ used for condensing power. 0.85 MJ used for backpressure operation.  
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Oil power production 
 
Production data for oil based electric power production. Data reflect a technology level 
from 1995. Cleaning equipment: Electro filter, SO2 cleaning (90 %, scrubber or lime 
stone additive), NOX-reduction with SNCR and improved combustion control equipment 
(60 % reduction). Condensing power or backpressure operation can be altered by the 
electric power output from the module.  
 
Table 67 Production data for oil based electric power production. Data are shown for 

combustion of 1 MJ of oil. 

Inputs Value Unit Outputs Value Unit 
Energy resources  Emissions to air   
Crude oil 1 MJ CO 1.00E-06 kg 

  CO2, fossil 0.078 kg 
  NOx 6.00E-05 kg 
  Particles 4.00E-06 kg 
  SO2 5.00E-05 kg 
  Energy carriers   
  Electric power 0.35 1) MJ 
  Wastes, solid   
  Slag and Ash 1.00E-05 kg 

1) 0.35 MJ used for condensing power. 0.85 MJ used for backpressure operation.  
 
 
Natural gas power production 
 
Production data for natural gas based electric power production. Data reflect a technology 
level from 1995. Cleaning equipment: Low NOX burner, NOX optimised plant, processed 
natural gas (sulphur reduction). Condensing power or backpressure operation can be 
altered by the electric power output from the module.  
 
Table 68 Production data for natural gas based electric power production. Data are shown 

for combustion of 1 MJ natural gas. 

Inputs Value Unit Outputs Value Unit 
Energy resources  Emissions to air   
Natural gas 1 MJ CO 5.00E-07 kg 

  CO2, fossil 0.051 kg 
  NOX 7.00E-05 kg 
  Particles 1.00E-08 kg 
  SO2 1.00E-06 kg 
  Energy carriers   
  Electric power 0.35 1) MJ 

1) 0.35 MJ used for condensing power. 0.85 MJ used for backpressure operation.  
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8. Transport 
 
Ship 
 
Data covers a medium sized ship transport. Emissions refer to emissions from the main 
machine. Emission levels from a 2-stroke engine where 80 % of the power is used during 
normal operation. Data calculated per km and ton of transported goods.  
 
Table 69: LCI data for a general ship transport. 

Values per 1 km*ton      

Inputs Value Unit Outputs Value Unit
Energy resources   Emissions to air   
Crude oil 0.22 MJ CO2, fossil 0.0138 kg 
   HC (air) 5.00E-06 kg 
   NOX 0.0004 kg 
   Particles 2.00E-05 kg 
   SO2 0.0003 kg 
Data source: Estimated data by IVL/KCL database.  
 
 
Transport – heavy truck, weight limited, EU regulations 
 
Life cycle inventory data have been calculated for a heavy truck with a load capacity of 
32 metric tonnes. It is also assumed that the weight and not the volume is the limiting 
factor for the load capacity i.e. the truck can be loaded to a maximum weight.  
 
In the life cycle calculations only the fuel consumption of the truck has been considered, 
thus the production or maintenance of the truck is not included. The production of the 
diesel fuel is not integrated with the data presented here but included separately in the 
model. A sulphur content in the fuel of 0.05 % and a lower heating value of 35.1 MJ/l has 
been assumed.  
 
To avoid differences between different truck producers etc. the EU regulation for diesel 
truck emissions has been used, Table 70. The table shows different regulation levels of 
which level A for the year 2000 has been selected for the study. In the model, data are 
related to the fuel energy input so the regulation data are transformed to emission data 
based on fuel input, Table 71. A 40 % energy efficiency of the diesel engine has been 
assumed. The engine emission data are then transformed to transport emission data via 
the fuel consumption of the truck. A fuel consumption of 0.47 litre diesel/km has been 
assumed for a truck in operation with full load, 32 tonnes. The final result for the truck 
transport data are shown in Table 72. The data are presented, as per tonne km transport 
for the truck.  
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Table 70 EU limit values for diesel fuelled engines – ESC and ELR tests a). Data for level A 
is used in the study.  

Level Mass of 
carbon 

monoxide 
(CO), g/kWh 

Mass of hydro-
carbons (HC), 

g/kWh 

Mass of 
nitrogen oxides 
(NOX), g/kWh 

Mass of 
particulates 
(PT), g/kWh 

Smoke 
m-1 

A (2000) 2.1 0.66 5.0 0.1   0.13 d 0.8 
B (2005) 1.5 0.46 3.5 °C 0.02 0.5 
C (EEV b) 1.5 0.25 2.0 0.02 0.15 
a) ESC (European engine test in steady state cycle), ELR (European engine test for load response) 
b) Enhanced Environmental Vehicle.  
c) From 1 October 2008 the limit value for NOX will be 2.0.  
d) For engines having a swept volume of less than 0.75 dm3 per cylinder and a rated power speed 
of more than 3000 min-1. Value 0.1 is used in the study.  
 
 
Table 71 Data used in the study. A 40 % energy efficiency of the diesel engine has been 

assumed.  

Substance Level A(2000) 
g/kWh shaft energy 

Level A(2000) 
g/MJ fuel input 

CO 2.1 2.33E-01 
HC 0.66 7.33E-02 
NOX 5 5.56E-01 
Particles 0.1 1.11E-02 
 
 
Table 72 LCI data for truck transport used in the model. 

Inputs Value Unit Outputs Value Unit 
Energy fuels   Emissions to air   
Diesel oil 0.516 MJ CO 0.00012 kg 

   CO2, fossil 0.0387 kg 
   HC (air) 3.78E-05 kg 
   N2O 1.08E-06 kg 
   NOX 0.000289 kg 
   Particles 5.73E-06 kg 
   SO2 1.24E-05 kg 

 
 
Transport - train 
 
Trains can be powered by either electrical engines or diesel engines. Here, general data 
for both the alternatives are given. General data from the KCL database have been used10.  
 
For electrical trains an electrical energy use of 0.025 kWh/ton, km (0.09 MJ/ton, km) can 
be assumed (data from year 1993). The emission levels depend on how the electrical 
power is produced. The total weight of the train has been assumed to be 1600 ton and the 
weight of the load has been estimated to 70 % of the total weight.  
 
Energy and emission data for diesel trains are given in Table 73. The total weight of the 
train has been assumed to be 1600 ton and the weight of the load has been estimated to 70 
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% of the total weight. Data show only the engine operation. Precombustion data for the 
diesel fuel are added in the model. 
 
Table 73 Energy and emission data for diesel train transportation. Data show only the 

engine operation. Precombustion data for the diesel fuel are added in the model.  

Values per 1 km*ton      
Inputs Value Unit Outputs Value Unit 
Energy fuels  Emissions to air   
Diesel oil 0.265 MJ CO 4.90E-05 kg 

  CO2, fossil 0.018 kg 
  NOX 0.0004 kg 
  SO2 1.80E-05 kg 

 
 
9. Fuel production - precombustion 
 
Production of diesel and fuel oil 
 
The production data for diesel fuel covers the extraction, refining and transport of the 
diesel oil to the consumer. This part of the fuel chain is often described by so called pre-
combustion factors. Basic data for extraction and transports are derived from the study 
"Life Cycle Data for Norwegian Oil and Gas"11, supplemented with data for steel produc-
tion from Suner12 (25 % primary and 75 % recycled steel). The drill platform uses no 
external electricity. The consumption of crude oil is recalculated to MJ using a lower 
heating value of 42.7 MJ/kg. Refinery data are from a Norwegian refinery. Average data 
for European production are expected to be higher. Precombustion data can vary signifi-
cantly between different LCA studies and thus have to be considered as relatively 
uncertain.  
 
Table 74 LCI data for the production of the diesel and fuel oil, as used in the model. Data 

refer to the production of 1 MJ fuel oil.  

Inputs Value Unit Outputs Value Unit 
Energy resources  Emissions to air   
Crude oil 1.1 MJ CH4 2.07E-06 kg 

  CO 1.70E-06 kg 
  CO2, fossil 0.00322 kg 
  HC (air) 3.48E-08 kg 
  N2O 3.03E-08 kg 
  NOX 1.00E-05 kg 
  Particles 8.86E-09 kg 
  SO2 3.60E-06 kg 
  Emissions to water   
  COD 4.62E-09 kg 
  N, total (aq) 8.75E-10 kg 
  Oil, unspec. (aq) 4.00E-07 kg 
  Phenol (aq) 4.72E-09 kg 
  Energy fuels   
  Fuel oil 1 MJ 
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10. Energy production and recovery 
 
Oil boiler 
Data cover emission and resource use for the operation of an oil boiler for steam produc-
tion. An energy efficiency of 85 % and a sulphur content in the fuel oil of 0.5 % has been 
assumed. Optimised combustion conditions for NOX reduction and low NOX burner has 
also been assumed. Precombustion data has not been included in this module but in a 
separate module in the model. Data reflect a technology level from approximately 1995. 
Inventory data shown in Table 75.  
 
Table 75 Inventory data for oil boiler. Values calculated per 1 MJ of used fuel oil.  

Inputs Value Unit Outputs Value Unit 
Energy fuels   Emissions to air   
Fuel oil 1 MJ CO 0.0001 kg 

  CO2, fossil 0.073 kg 
  NOX 0.00013 kg 
  Particles 5.00E-05 kg 
  SO2 0.00024 kg 
  Energy carriers   
  Energy steam/heat 0.85 MJ 

 
 
Natural gas boiler 
Data cover emission and resource use for the operation of a natural gas boiler for steam 
production. An energy efficiency of 85 % has been assumed. Optimised combustion con-
ditions for NOX reduction and low NOX burner has also been assumed as well as a desul-
phurised gas. Precombustion data has not been included for the natural gas. Data reflect a 
technology level from approximately 1995. Inventory data shown in Table 76.  
 
Table 76 Inventory data for natural gas boilers. Values calculated per 1 MJ of used 

natural gas. 

Inputs Value Unit Outputs Value Unit 
Energy fuels   Emissions to air   
Natural gas 1 MJ CO 5E-007 kg 

  CO2, fossil 0.051 kg 
  NOX 5E-005 kg 
  Particles 1E-008 kg 
  SO2 1E-006 kg 
  Energy carriers   
  Energy steam/heat 0.85 MJ 

 
Energy recovery 
Energy released by the incineration of waste is treated as the corresponding gain in 
energy resource use and emission when the same amount of energy is supplied by a fuel 
oil boiler. The data for the corresponding “gain” used are the same as for the oil boiler 
specified in this chapter and precombustion data specified in chapter 9 of appendix C. 
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Appendix D – Results 
 
10 year confined to item model  
 
The results from the LCA analysis using the fire model "10 year confined to item" are 
presented below. 
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Figure 63.  Energy Resource use for the different cases using the 10 year confined to item 

fire model. 
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Figure 64.  CO2 Fossil for the three cases using the 10 year confined to item fire model. 
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Figure 65.  CO for the three cases using the 10 year confined to item fire model. 
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Figure 66.  NOx for the three cases using the 10 year confined to item fire model. 
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Figure 67.  HCN for the three cases using the 10 year confined to item fire model. 
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Figure 68.  PAH for the three cases using the 10 year confined to item fire model. 
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Figure 69.  HCl for the three cases using the 10 year confined to item fire model. 
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Figure 70.  TCDD for the three cases using the 10 year confined to item fire model. 
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Figure 71.  TBDD for the three cases using the 10 year confined to item fire model. 
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Figure 72.  Sb for the three cases using the 10 year confined to item fire model. 
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Figure 73.  Br emissions for the three cases using the 10 year confined to item fire model. 
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Figure 74.  PBDE for the three cases using the 10 year confined to item fire model. 
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Figure 75.  HC emissions for the three cases using the 10 year confined to item fire model. 
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Figure 76.  P emissions for the three cases using the 10 year confined to item fire model. 
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15 year fire model 
 
The results from using the 15 year fire model are presented below. 
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Figure 77.  Energy resource use for the three different cases using the "15 year" fire 

model. 
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Figure 78.  CO2 Fossil for the three different cases using the "15 year" fire model. 
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Figure 79.  CO emissions for the three different cases using the "15 year" fire model. 
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Figure 80.  NOx emissions  for the three different cases using the "15 year" fire model. for 

the three different cases using the "15 year" fire model. 
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Figure 81.  HCN emissions for the three different cases using the "15 year" fire model. 
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Figure 82.  PAH emissions for the three different cases using the "15 year" fire model. 
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Figure 83.  HCl emissions for the three different cases using the "15 year" fire model. 
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Figure 84.  TCDD for the three different cases using the "15 year" fire model. 
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Figure 85.  TBDD for the three different cases using the "15 year" fire model. 
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Figure 86.  Sb emissions for the three different cases using the "15 year" fire model. 
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Figure 87.  HBr emissions for the three different cases using the "15 year" fire model. 



D12 
 
 
 
 

PBDE emissions

0.00E+00
1.00E+00
2.00E+00
3.00E+00
4.00E+00
5.00E+00
6.00E+00
7.00E+00
8.00E+00

Non FR P-FR Br-FR

kg
/m

ill
io

n 
so

fa
s

DBDE (air)
DBDE (aq)
HBCD (air)
HBCD (aq)
PBDE (air) excl DBDE 

 
Figure 88.  PBDE emissions for the three different cases using the "15 year" fire model. 
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Figure 89.  HC emissions for the three different cases using the "15 year" fire model. 
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Figure 90.  P emissions for the three different cases using the "15 year" fire model. 
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Appendix E – Photos from Experiments 
 
A number of photos were taken during the tests, a selection from the ignition and fire 
tests are displayed in this appendix 
 

Ignition resistance 
Photos from the ignition resistance tests are shown below. 
 
Ignition resistance – Non-FR sofa 
 

  
Ignition using an utility lighter for 20 s. 1 minute after removal of lighter, sofa 

burning. 

  
Ignition using a crib4. 1 minute later. 
 



 
 

E2

Ignition resistance test – P-FR sofa 
 

 

 

 
Ignition using an utility lighter for 20 s. 1 minute after removal of utility lighter, no 

ignition. 
 

 

 

 
Ignition using the crib4. The crib4 has burnt down, no ignition of 

sofa. 

 

 

 
Ignition using the crib5. The crib5 has burnt down, no ignition. 



 
 

E3

 

 

 

 
Ignition using the crib6. The crib6 has burnt down resulting in a 

small smouldering fire in the sofa. 
 

 

 

 
Ignition using the crib7. The crib7 has almost been consumed. 

Resulted in a smouldering fire and some 
flames, but not enough to consume the 
entire sofa. 

 

 

 

 
Ignition using the CBUF burner for 5 
minutes. 

After removal of burner, sofa burns. 
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Ignition resistance test – Br-FR treated sofa 
  

Crib4 has burnt down, no ignition. Ignition test using the crib5. 
  

Ignition test using the crib5. Crib5 has burnt down, no ignition. 
  

Ignition test using the crib6. Crib6 has almost been consumed, sofa self 
extinguish after crib has been consumed. 
 

  

Ignition using the Crib7. 40 seconds later. 
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3 and a half minute. 8 minutes, sofa burns. 
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Fire Tests 
 
Photos taken during the fire tests are presented below. All times are from start of ignition. 
 
Non-FR treated sofa 
 

 
Shortly after ignition of non-FR sofa using utility lighter in Sofa5 test. 
 

 
Time 6 minutes, non-FR sofa, Sofa5 test. 
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Time 25 minutes, non-FR sofa, Sofa5 test. 

 
Time 34 minutes, non-FR sofa, Sofa5 test. 
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Time 56 minutes, non-FR sofa, Sofa5 test. 
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P-FR sofa 
 

 
Ignition of P-FR sofa using the CBUF burner of 30 kW, Sofa6 test. 
 

 
Ignition of other corner time 11 minutes, P-FR sofa, Sofa6 test. 
 



 
 

E10

 
Time 16 minutes, P-FR sofa, Sofa6 test. 
 

 
Time 26 minutes, P-FR sofa, Sofa6 test. 
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Time 47 minutes, P-FR sofa, Sofa 6 test. 
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Br-FR sofa 
 

 
Just before moving the CBUF burner of 30 kW over to the other corner, Br-FR sofa, 
Sofa8b test. 

 
Burner moved to second corner, Br-FR sofa, Sofa8b test. 
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Time 22 minutes, Br-FR sofa, Sofa8b test. 

 
Time 39 minutes, Br-FR sofa, Sofa8b test. 
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Room experiments 
 

 
Experimental set-up. 
 

 
Experimental set-up. 
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Non-FR room 
 

 
Ignition of sofa with utility lighter in non-FR room. 
 

 
Time 2 minutes, non-FR room. 
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Time 11 minutes, non-FR room 
 

 
Time 16 minutes, non-FR room. 
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Time 26 minutes, non-FR room. 
 

 
Time 48 minutes, non-FR room. 
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Remainder after completion of test. 
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P-FR room 
 

 
Ignition of commercially available non-FR TV using a utility lighter in the P-FR room. 
 

 
Time 3 minutes, P-FR room. 
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Time 4 minutes, P-FR room. 
 

 
Time 24 minutes, P-FR room. 
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Close to Flashover 25 minutes, P-FR room. 
 

 
Time 26 minutes, P-FR room. 
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Time 33 minutes, P-FR room. 
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Br-FR room 
 

 
Ignition of TV with utility lighter in Br-FR room. 
 

 
Time 2 minutes, Br-FR room. 
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Time 11 minutes, Br-FR room. 
 

 
Time 14 minutes, Br-FR room. 
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Time 30 minutes, Br-FR room. 
 

 
Extinguishing. 
 




