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Abstract

Climate change is one of the most important environmental issues and concerns facing the modern society. In order
to address the causes of climate change, governments around the world have agreed on targets for the reduction of
harmful greenhouse gas (GHG) emissions. A number of greenhouse gases impact the environment negatively, and the
most significant of these is the carbon dioxide. Therefore the GHG emission reduction commitments are expressed in the
form of carbon reduction where the term carbon means carbon dioxide equivalent (COze) — a measurement that ex-
presses the environmental effect of GHGs in terms of the equivalent amount of carbon dioxide (CO;) that would cause
the same effect. The effect of a certain business, process, product or service can be evaluated in terms of the GHG
emissions it generates and is commonly referred to as a ‘carbon footprint’. Furniture industry, like many other manufac-
turing industries, generates carbon emissions. Therefore there is a great scope for the industry to assess and reduce its
carbon impact. One of the major stimuli for carrying out this research is the lack of information about carbon footprint of
furniture industry as well as the lack of understanding and fragmented approach to carbon footprinting. The key finding
from this study is that the embedded carbon contained within the materials and technological processes used for the
manufacture of the furniture products are the highest contributors to the carbon footprint. Thus reducing the materials
used in a product, or selecting lower impact (environmental-friendly) materials can considerably reduce the carbon foot-

print of furniture products.
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Introduction

Climate change is one of the most important en-
vironmental issues and concerns facing the modern
society: temperatures are rising, glaciers are melt-
ing, rainfall patterns are changing, the global mean
sea level is rising, etc. There is strong evidence that
human activities, such as burning of fossil fuels (caill,
gas and oil), deforestation, increased livestock
farming and emissions from manufacturing proc-
esses are the main causes of climate change [3].

In order to address the causes of climate
change, governments around the world have
agreed on targets for the reduction of harmful
greenhouse gas emissions. A number of green-
house gases impact the environment negatively,
and the most significant of these is the carbon diox-
ide (CO,) - the greenhouse gas most commonly
produced by human activities, responsible for 64%
of man-made global warming. Therefore the green-
house gas emission reduction commitments are
expressed in the form of carbon reduction where
the term carbon means carbon dioxide equivalent
(CO2e) — a measurement that expresses the envi-
ronmental effect of greenhouse gases in terms of
the equivalent amount of carbon dioxide (CO,) that
would cause the same effect. The effect of a certain
business, process, product or service can be eval-
uated in terms of the GHG emissions it generates
and is commonly referred to as a ‘carbon footprint'.

The European Union furniture industry is a dy-
namic and labour-intensive sector with a long his-
tory, substantial technological advances and estab-

lished markets [4]. The EU furniture manufacturing
industry makes a significant contribution to the Eu-
ropean economy: nowadays it provides 1.1 million
jobs in about 130 thousand companies, mainly
small and medium-sized enterprises (SMEs) and
micro firms, generating an annual turnover of
around EUR 96 billion. Moreover, one quarter of the
world's furniture is produced in the EU and in most
of the European countries the furniture sector rep-
resents between 2 and 4% of the production value
of the overall manufacturing sector. The role of the
EU furniture sector further increases when its posi-
tion in international trade is considered: the EU ac-
counts for about 45% of total world trade; for about
40-45% of world furniture imports; and for around
30-35% of world furniture exports. The majority of
this quota (about 85%) is represented by internal
EU trade. EU furniture manufacturers are widely
known and esteemed worldwide and the EU furni-
ture sector still remains one of the most integrated
and best differentiated in terms of product variety in
the world. The industry is able to combine new
technologies and innovation with cultural heritage
and style, and provides jobs for highly skilled work-
ers. Because of its importance, the performance of
the sector can be considered a driving force for EU
economic growth.

The furniture manufacturing industry is of a sub-
stantial size and, similar to many other manufactur-
ing industries, generates carbon emissions. There-
fore there is a great scope for the industry to as-
sess and reduce its carbon impact. Whilst the im-
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portance of carbon emissions is recognised across
the industry, there is considerable potential for con-
fusion regarding its practical use. As a result, com-
panies engaged in measuring carbon footprinting
often do it separately, utilising different approaches
in the assessment of their products.

The aim of this study is to assess the carbon
footprint of different furniture product categories.
This will provide businesses and customers with
useful information about the carbon-related envi-
ronmental benefits and increase their culture con-
cerning environmental issues.

EU and national climate change policies and
initiatives

In order to make the European economy more
climate-friendly and less energy-consuming, the EU
has adopted several initiatives aimed at reducing
greenhouse gas emissions progressively up to
2050 [1]. According to the adopted low-carbon
economy roadmap the EU countries should cut the
greenhouse emissions to 80% below the 1990 lev-
els. Milestones were set to achieve this goal — 40%
emissions cuts by 2030 and 60% by 2040. All eco-
nomic sectors should contribute to this low-carbon
transition according to their respective technological
and economic potential. At the same time, the EU
has adopted legislation to increase the use of re-
newable energy, such as wind, solar, hydro and
biomass, and decrease the carbon footprint of cer-
tain industries and products. The EU also aims to
support the development of carbon capture and
storage technologies to trap and store CO, emitted
by power stations and other large installations.

Bulgaria has met its international commitments
for emissions reductions to date. From 1988 to
2011, emissions decreased by 45.8%, exceeding
the reductions target of 8%, set by the Kyoto Proto-
col (2008-2012). The Climate Change Mitigation
Act (2014) is the key national climate change miti-
gation legislative act. On 22nd of April 2016, 175
countries, including Bulgaria, signed the Paris Cli-
mate Agreement, where the participating countries
agreed that the only response is the shared actions
to reduce greenhouse gas emissions, setting a
global goal of limiting global warming to 2 degrees
Celsius.

Methodology of the research

The term ‘carbon footprint' has various defini-
tions, and for the purposes of evaluating products it
is widely accepted that it is the estimation of the
total emissions of greenhouse gases in carbon
equivalents of a product throughout its life cycle -
from the production of raw materials used in its
manufacture to the disposal of the finished product.
This includes the emissions caused directly or indi-
rectly by a person, industry, company or product.

The carbon footprint of a company consists of
two main forms:

— organisational footprint — emissions from all
company activities, including buildings, en-
ergy consumption, industrial processes and
transportation, etc.;

— product or process footprint — emissions
throughout the whole life cycle of a product,
including all emissions from the extraction
of raw materials and manufacturing of the
product, its use and final reuse, recycling or
disposal.

To assess the carbon footprint of a certain prod-
uct several approaches are used depending on the
respective stage of product life cycle taken into
consideration. A product carbon footprint evaluation
can include the whole life cycle, often called Cradle
to Grave or Cradle to Cradle assessment [2], or as
a partial assessment.

The main principles, requirements and guide-
lines for the quantification and communication of
the carbon footprint of a product, based on the
product life cycle assessment, are specified in the
international standard ISO/TS 14067:2013 — Green-
house gases — Carbon footprint of products — Re-
quirements and guidelines for the quantification and
communication of a partial carbon footprint of a
product [5].

The main emission sources included in the as-
assessments are: raw materials and components;
energy consumption (fuel, electricity); manufactur-
ing processes; manufacturing consumables; pack-
aging materials (temporary and permanent); prod-
uct storage.

The following typical furniture groups were se-
lected for assessing the carbon footprint: kitchen
furniture and office furniture (chairs). The evaluation
was made using an online-based carbon footprint
calculator.

Results and discussion
Kitchen furniture

Kitchen furniture market in Central-Eastern Eu-
rope is estimated in 864,000 units for the year 2015.
Since 2010 the market in quantities progressed by
5.2% on average representing an increase of by
4.2% in values (Euro) [6].

Kitchen furniture is normally manufactured to a
standard size formats on a module principle, allow-
ing inter-changeability which makes them easily
comparable.

The values of the average carbon footprint for
the studied products, as well as the number of
products assessed are presented in Table 1.
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Table 1. Data on carbon footprint of kitchen furniture

Number Average car-
Item of studied | bon footprint
products (kgCO2e)
1000 mm cabinet 4 26
Worktop 3 24
1000 mm drawer module 4 43

sented in Table 2. A task chair is a chair with a seat
height adjustment mechanism, designed to be used
with a desk and a computer, while a visitor chair is
a side chair for occasional and/or meeting use.

Table 2. Data on carbon footprint of office chairs

The predominant materials used in kitchen
manufacturing are melamine faced particleboards
and medium density fibreboards (MDF). The use of
MDF instead of laminated particleboards is impor-
tant because the carbon footprint of MDF is esti-
mated to be 24% higher than that of particleboards.

The first studied items were 1000 mm kitchen
cabinets, made of particleboards/(MDF) — wall
hanging units 1000 mm in width with double doors
and one shelf.

The selected worktops were made of laminated
particleboard with the following dimensions:
4100x600x38 mm.

The drawer modules were 1000 mm in width,
with double doors and one shelf, and made of parti-
cleboards/(MDF).

The highest values of carbon footprint for all
studied items were calculated for the raw materials,
primarily composite-wood materials used in the
products. The 1000 mm drawer module has the
highest footprint as it has the highest raw material
volumes.

In conclusion, the data indicates that manufac-
turers looking to reduce the carbon impact of their
products should minimise the amount of board ma-
terials and metal within their products.

Office chairs

One of the main trends in office furniture produc-
tion concerns ergonomics and functionality: produc-
ing chairs, designed to move with the body, allow-
ing people to naturally shift their position when
seated for long periods or chairs that enable per-
manent contact between the back and backrest. In
terms of materials used, there is a trend away from
the use of wood in EU office furniture production
towards plastic and metal, although wood still ac-
counts for important shares of production, mainly in
office desks, worktops and cabinets.

The frequent replacement of office furniture con-
tributes to the increased production of solid waste.
In addition to growing waste volumes that are ex-
pensive to handle, concerns about chemical inputs
in furniture production are raised. These environ-
mental challenges call for a more efficient use of
office furniture, which could significantly reduce
waste volume as well as the quantity of hazardous
raw materials used for furniture production.

Two different types of chairs were assessed for
the purpose of this study and the results are pre-

Item Number of Average carbon
studied products | footprint (kgCO2e)
Task chair 6 76
Visitor chair 3 38

Regarding the task chairs, the final product car-
bon footprint is due mainly to the use of two materi-
als — metal and plastic, which account for about
70% of the total footprint. For a task chair, the
greatest variation is within the key construction ma-
terials, i.e. metal and plastic. The largest variation
between footprints is due to the metal content.
Many task chairs have a predominantly plastic con-
struction, with minimal metal content restricted to
the gas lift cylinder and seat reclining mechanism.
However, some modern design products often use
metal components as a style feature. Significant
reductions of the carbon footprint can be achieved
by minimising the metal content, followed by plastic
and then other materials.

The results for the carbon footprint of a visitor
chair are more uniform due to the impact of all
components on the overall footprint. Visitor chairs
vary significantly in design from simple wooden or
metal-framed side seats, to heavily upholstered
side chairs. This explains why there are significant
carbon emissions variations between the materials.
The largest variation was within foams and fillings
components. This suggests that fully upholstered
chairs will have a higher carbon impact than other
designs.

Similar to the analysis of the kitchen furniture,
the carbon footprints of the office chairs consider
the carbon embedded in the product, and do not
consider the life span of a product. Metal compo-
nents usually account for a longer life span than
plastic components, and are potentially easier to
recycle.

Conclusions

The analyses, presented in this paper, are
based on average emission values for the raw ma-
terials. This definitely introduces a degree of uncer-
tainty, but is a cost-effective alternative to assess-
ing the actual carbon footprint of all materials within
a product.

The key component that accounts for the carbon
footprint of furniture products is the amount and
type of materials used for their manufacturing.

The product variation in kitchen furniture is rela-
tively small, as most of the products have similar
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design, and are manufactured using similar materi-

als (mainly laminated particleboards and MDF).
Office chairs, made of metal base and mesh

fabric should have a significantly higher carbon

footprint than the simple, mainly plastic design ones.

The carbon footprint assessment is relatively
well known and understood approach; however it
represents only one element of the total assess-
ment of the environmental impact as it evaluates
the embedded carbon of materials and manufactur-
ing processes. A more detailed assessment of envi-
ronmental impact of furniture products should in-
clude elements such as the toxicity and durability of
any materials used in production process; product
life span; possibilities for recycling and reusing; bi-

ponents, availability of sustainable raw materials,
etc.

References

1. 2050 Low-carbon Economy. 2017. [hitps://ec.europa.
eu/clima/policies/strategies/2050_en].

2. Braungart, M, McDonough, W., Cradle to Cradle:
Remaking the Way We Make Things. North Point
Press. 1st edition (April 22, 2002).

3. Causes of climate change. 2017. [https://ec.europa.
eu/clima/change/causes_en].

4. EU Furniture Industry. 2017. [https://ec.europa.eu/
growth/sectors/raw-materials/industries/forest-based/
furniture_en].

5. ISO/TS 14067:2013 Greenhouse gases — Carbon
footprint of products — Requirements and guidelines

for quantification and communication.
6. The kitchen furniture market in Central-Eastern
Europe. May 2016. VII Ed. 113 p.

odegradability of non-recyclable or reusable com-

BBIMEPOAEH OTNEYATbK HA MEBEJTHUTE NMPOAYKTU

Metbp AHTOB, TaHsa MNaHYyeBa
NecoTtexHnuyecku yHuBepcuteT, Cochusn

Pestome

KnumaTuyHuTe NPOMEHN ca eauH OT Ha-BaXHUTE eKOMOrMYHK NpoBnemMu, Npea KoUTo € U3NpaBeHO CbBPEMEHHOTO
obLlecTBo. 3a crnpaBsHe C HeraTMBHUTE Mnocreguuy OT U3MEHEHWETO Ha Knvumata, MexayHapoaHaTa o6LecTBeHOCT
npveMa 3agbiKUTENHU MEPKU 3a HaMansiBaHe Ha eMUCUUTE Ha BpedHWTe MapHUKOBW rasose. [apHMKOBMTE rasose
OKasBaT 3HaAYUTENHO HEraTUBHO BIMSIHUE BbPXY OKOMHaTa cpeha, KaTto Han-ronsiMo Bb3AEWCTBME MMa BbINepoaHUaT
avokeva. Mopagu Tasu npuynHa NPUETUTE MepKK 3a HamarnsaBaHe Ha eMUCUUTE Ha NapHUKOBU ra3oBe ce npupasHABaT
[0 HamansBaHe Ha BbrmepodHUTe eMUcUK, KaTo Noj ToBa ce pa3bupa eMUCUM B eKBMBArNEHT Ha BbrmepoaeH AMOKCUL,
(COze) — nokaszaTten, onpeaensil, CyMapHUAT edekT OT Bb3AeNCTBMETO Ha NMapHUKOBUTE rasoBe BbPXY OKOMHaTa cpefa.
Bb3aeicTBMETO BbpXY OKONHaTa cpefa Ha AadeHo NMPOU3BOACTBO, NpoLec, NPOoAYKT UNnu ycnyra moxe Aa 6bae oueHe-
HO MO OTHOLLIEHWE Ha eMUCUMTe Ha OTAEeNsAHUTE MapHUKOBY ra3oBe, KOETO NpeacTaBnsABa T. Hap. ,BbrNepodeH oTneyva-
TbK’. MebenHata npoMuLLeHOCT, NoAoGHO Ha peauvua ApyrM NPOM3BOACTBA, € CBbp3aHa C OTAENSHETO Ha BbIMepoaHu
emucuu. Mopaam Tasu NpuyrHa e LenecbobpasHo onpeaensHeTo M HaMansBaHeTo Ha BbIMepodHNUs OTneYaTbk Ha Tasn
nHOycTpus. EQVH OT OCHOBHWUTE CTUMYNM 3a NPOBEXAaHe Ha HaCTOALETO M3criedBaHe e nuncata Ha uHdopMaums 3a
BbIMepoOHUA OTrnevYaTbk Ha meBenHata NMpPOMULLNEHOCT, KakTo W nuncata Ha pasbupaHe U OueHsiIBaHe Ha HEeroBoTo
3HaveHue 3a okonHarta cpega. OCHOBHUAT pesynTaT OT NMPOYyYBaAHETO €, Ye HAN-ToNsAM BbITepoAeH oTneYaTbk npu npo-
M3BOACTBOTO Ha MeGenu nmat M3nonsBaHUTe CYpOBUHU, MaTepuany U TEXHOMOMMYHU NPOLEecH, eTo 3allo HaMansBaHe-
TO Ha KONMYECTBOTO Ha U3MNOM3BaHUTE Matepuany Unu BHUMaTENHUAT NoAbop Ha eKonorMyHY MaTepuany Moxe 3Hauu-
TENHo Ja HaManu BbrNepoaHusl oTrnedYaTbk Ha MeGenHUTe NPoaYKTU.

Knio4yoBu AyMU. eMNCNUN Ha NapHUKOBU ra3oBe, BbrnepoaeH OoTneYaTbk, mebenHa MPOMULLITEHOCT.



