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Introduction

Improvement of the environmental performance of industrial products and services is a necessity
and not a luxury anymore. Solutions driven by ecological considerations are important elements
of efficient management and efficient business practice, and it requires an integrated approach. It
means that environmental dimension must become an inseparable part of the planning and
decision making of companies and industries. Product ecodesign possesses large potential for the
improvement of environmental performance while satisfying the needs of consumers and
improving economic characteristic of the product at the same time. This is one of the most critical
considerations which should motivate producers to implement ecodesign.

The present work is devoted to the following aspects of ecodesign of furniture: assessment of
environmental impact (E/) of Latvian furniture manufacturing sector by using eco-indicators [1]
and proposal of ecodesign recommendations, which is made with help of ECODESIGN PILOT
programme [2,3,4]. Implementation of ecodesign in furniture production industry is topical since
furniture production companies compose 24% of total industrial sector of wood processing
industries [5]. From total number of 397 furniture production enterprises in Latvia during 2003,
258 furniture production enterprises were located in Riga and Riga region.

It has to be taken into account that E7 of furniture greatly depends on efficient manufacturing
technologies and useful life span of furniture. Therefore, the research presented in the paper was
addressed for the needs of the designers and producers of furniture. Creativity of designers will
be able to prevent a risk of premature ageing of furniture related to insufficient ergonomics,
change of fashion trends and other aspects. Efficient production and waste utilisation
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technologies provide not only ecologic but also economic benefits, and the present work studies
also potential improvement of those aspects from environmental point of view.

Assessment of total life cycle E7 of furniture, calculation principles and obtained results

Using eco-indicators, E7 of wooden furniture produced in Latvia during time period from 2000 to
2003 [5] was calculated for life cycle stages of raw material processing, manufacturing of
furniture, distribution and end-of-life. Two scenarios were analysed for end-of-life life cycle
stage:
1. all used furniture is landfilled, and this scenario corresponds to the existing situation;
2. all used furniture is incinerated with energy recovery. Table 1 shows results of
calculations of EI for Latvian furniture industry obtained with eco-indicators [1].

Table 1.
Environmental impact at different life cycle stages of furniture for Latvian furniture industry

El of El of El of El of El of EI of landfill

processing | furniture production | furniture incineration | of used

of raw production | waste distribution | of used furniture

wood furniture
Year | materials

thous. Pt | thous. Pt thous. Pt | thous. Pt thous. Pt thous. Pt
2000 911 389 20 no data -1621 36
2001 1086 463 39 1663 -1904 42
2002 1191 508 71 1692 -2036 45
2003 1314 561 103 1860 -2201 48

An equation for calculation of EI of furniture for the whole life cycle (1) was worked out based
on assessment of E/ of furniture with eco-indicators. Although the equation (1) is created
specifically for the present life cycle conditions of Latvian furniture manufacturing industry on
aggregate level, it is of more general purpose, since by using this equation, individual furniture
producers interested in sustainable development of their products are able to determine impact of
critical aspects of life cycle on total E7 of their products.
El=M - (,0 "€y proc. +E- €t kl P ew.proc.)
m
+M1 P zun '(Lrn e, +Lwn €y +Lrn 'er)+’

n=1

+M1 p(kZ “Cinc +(1_k2)'elﬂndf)

(1)

where EI — environmental impact of furniture during whole life cycle [mPt];

M — volume of wood raw material [m’];

p — density of wood [kg/m’];

ey proc. — €co-indicator for wood processing [mPt/kg];

E — specific electricity consumption during manufacturing process [kWh/m’];
e.;— eco-indicator for electricity [mPt/kWh];

k; — proportion of production waste;

M; — volume of wood in produced furniture products [m’];

v, — proportion of furniture products exported to country #;

142



L,, — transportation distance covered by road transport [km];
e, — eco-indicator for road transport [mPt/tkm];

L,,, — transportation distance covered by water transport [km];
e,, — eco-indicator for water transport [mPt/tkm];

L,, — transportation distance covered by rail transport [km];

e, — eco-indicator for rail transport [mPt/tkm];

k, — fraction of incinerated furniture at the end of life cycle;
einc — eco-indicator for wood incineration [mPt/kg];

elandr — eco-indicator for landfill of furniture waste [mPt/kg].

It also has to be noted, that only road transport in distribution of furniture products was
considered for calculations of £/ shown in Table 1.

Sensitivity analysis of EI factors

Using equation (1), sensitivity analysis of EI factors of furniture life cycle was carried out. Data
from Latvian furniture production sector for the year 2003 [5] were used for the base scenario,
and the value of total EI for the base scenario is 2760 thous. Pt. Fraction of the incinerated
furniture waste at the end-of-life stage is 0,5 for the base scenario, and the rest is landfilled. Road
transport is considered for the distribution of furniture products. As follows from the obtained
results of EI calculations (Table 1), the total E/ of life cycle is most sensitive to changes in

amount of raw materials, transportation distance and fraction of incinerated furniture waste at the
end-of-life stage (Fig. 1).

35% ——dEI (M)
i /0 -8~ JE] (E)
25% —&— dEI (W)
i —>—dFEI (T)
1 15% —+—dEI (INC)

changes of total EI

changes of EI factors

Figure 1. Sensitivity of total E7 of furniture life cycle to changes of mass of raw materials (M),
electricity use during production (£), amount of waste created during furniture production
process (W), transportation distance of furniture products (7)), and fraction of the incinerated
furniture at the end-of-life stage (INC)

The question which arises is how to consider length of service life SL of furniture in £/ analysis?
One way is, instead of looking at total E/ for the whole life cycle, to look at average annual Elsp
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which is EI/SL. Then, the relative change of Els; depending on relative change of SL can be
obtained from the equation (2).

dEly)_ ET sy @)
El,  SPEl,

However, one would like to have an expression which allows to compare the relative importance
of length of service life with other factors of environmental impact on equal conditions. Then, we
could introduce a concept which could be called ,,environmental depreciation” due to its
similarity to economic depreciation. Namely, for each year of service life of furniture we have to
add 1/SL fraction of total E/ to the annual average Elg; in order to consider that the furniture will
have to be replaced at the end-of-life. Then, the total environmental impact Elgp with added
fractions of ,,environmental depreciation” during chosen base scenario service life SLgg duration
used as the comparison base for different scenarios of service life SL can be estimated as follows:

SL
El,, = EI(1+—55), 3)
ED ( SI )
where SLps - length of service life for the base scenario.

From equation (3) follows, that the total £/ doubles for the service life of 10 years if SLpg is 10
years, increases 1,8 times at the same time period if SL is 13 years, and increases 2,4 times during
10 year period if SL is 7 years. Figure 2 shows the sensitivity of Elgp to relative changes of length
of furniture service life. It has to be noted, that the total £/ remains unchanged when SL changes.
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Figure 2. Sensitivity of Elgp of furniture life cycle to changes of duration of furniture service life
(SL)

The obtained equations (1-3) help furniture product developers and producers to estimate changes
of total EI of their products depending on changes of main environmental impact factors. The
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analysis allows identification of potential improvements of the environmental performance of
furniture products that provide the highest environmental benefit and fastest economic pay-back.

Recommendations for EcoDesign

The ECODESIGN PILOT programme was used as a tool for the planning of ecodesign strategies
for furniture. By using the programme, recommendations for furniture ecodesign were created.
The recommendations were evaluated and listed according to potential contribution to the
reduction of environmental impact with the help of the evaluation method created in the
ECODESIGN PILOT. The most important recommendations, listed according to their potential
environmental benefits, are the following:

* use of renewable, recyclable materials;

* avoid use of toxic non-separable materials;

* reduce diversity of materials;

* integrate functions of parts;

» use energy efficient production technologies;

» create closed loops of material flows within production process;

* use strong materials and durable design solutions;

* avoid ,,weak points” of design, such as insufficient ergonomics, colours and shapes which

could quickly fall out of fashion.

References

1. Goedkoop M., Effting S., Colligon M. The Eco-indicator 99. A damage oriented method for
Life Cycle Impact Assessment. Second Edition — 17 April 2000

2. ECODESIGN Online PILOT, Vienna; http://www.ecodesign.at/pilot

3. Wimmer W., Ziist R. ECODESIGN Pilot. — Kluwer Academic Publishers, Dordrecht, Boston,
London, 2001

4., Wimmer W., Zist R., Lee Kun-Mo ECODESIGN IMPLEMENTATION. — Netherlands,
Springer, 2004

5. Meza nozare Latvija 2005; http://www.zm.lv

Makejeva J., Bazbauers G. Meébelu ekodizaina iespéjas.

Darba ir aplitkoti mébelu ekodizaina aspekti — veikts mébelu aprites cikla ietekmes uz vidi novértejums ar
ekoindikatoru metodi ,, The Eco-indicator 99”. Darba izveidotas aprékina izteiksmes, kas [auj noteikt ietekmi uz vidi
mebelu aprites cikla posmos. Aprekina izteiksmes ir izmantotas, lai noteiktu ietekmi uz vidi, kas rodas mébelu aprites
cikla posmos, izmantojot datus, kas iegiiti par Latvijas mébelu razoSanas sektoru laika posmam no 2000. lidz
2003.gadam. Minétas aprékina izteiksmes [auj veikt mebelu aprites cikla ietekmes uz vidi analizi ar? individudlajiem
mebelu produktu attistitajiem un razotdajiem un izstradat ekodizaina rekomendacijas. Izpeté art veikta jutibas
analize, kas parada saistibu starp mebelu aprites cikla kopéjo ietekmi uz vidi un tadiem ietekmes uz vidi faktoriem ka
izejmaterialu daudzums, transporteSanas attalumi produktu sadales posma, razoSana pateretas elektroenergijas un
radusos atkritumu daudzums, dzives cikla beigas sadedzinato mébelu frakcija, ka art mebelu kalposanas ilgums.
Jutibas analizes rezultati parada, ka vislielaka ietekme uz vidi ir izejmaterialu daudzumam, tad seko transportésanas
attalumi, dzives cikla beigas sadedzinato mébelu frakcija, ka ari razoSana paterétas elektroenergijas daudzums.
Razosanas atkritumu daudzumam ir relativi neliela ietekme. letekmes uz vidi aprekinu rezultati Jauj izveidot
ekodizaina rekomendacijas un tas sarindot péc to iespeéjama snieguma ietekmes uz vidi samazinasand. Darba,
balstoties uz ietekmes uz vidi aprékiniem un ECODESIGN PILOT programmu, ir sastadits ekodizaina
rekomenddaciju saraksts mebelu razotdjiem.
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Makejeva J., BaZbauers G., Ecodesign possibilities of furniture.

Work explores aspects of ecodesign of furniture - environmental impact assessment of furniture life cycle is done by
applying the eco-indicator method ,, The Eco-indicator 99”. Equations for calculation of environmental impact of
furniture in different stages of its life-cycle is developed during the work. The equations are used for determination
of environmental impact of furniture life cycle stages with the data obtained from Latvian furniture manufacturing
sector for the time period from the year 2000 up to 2003. The given equations allow to carry out analysis of
environmental impact of furniture life cycle also for individual developers and producers of furniture, as well as
work out ecodesign guidelines. Sensitivity analysis, which shows the relation between total environmental impact of
furniture life cycle and such factors of environmental impact as amount of raw materials, transportation distances
during distribution stage of furniture products, electricity consumption and amount of waste created during
production process, fraction of incinerated furniture waste at the end-of-life stage, as well as duration of service life
of furniture, is obtained in the work. Results of the sensitivity analysis show that the largest impact on environment is
caused by raw materials, followed by transportation distances, fraction of incinerated furniture products at the end-
of-life stage, electricity consumption during production process. Amount of waste plays relatively small role in
creating total environmental impact. Results of environmental impact assessment allow to work out ecodesign
guidelines and put these in priority order depending on environmental benefit which could be provided. Paper
presents list of ecodesign guidelines created for furniture producers which are created by using ECODESIGN
PILOT and calculations of environmental impact.

Makxeesa E., bayxcoaysp I., Bozmorcnocmu npumenenus Ik00U3aina 6 npou3eoocmee meopenu.

B pabome paccmompenvl credyrowue acnekmol 3K00U3AUHA MeOENU: OYEHKA GIUAHUSL HCUSHEHHO20 YUKIA Mebenu Ha
OKpYAHCAOWyio cpedy ¢ NOMOWbIO 3IKO-uHOuKamopoe memooa , The Eco-indicator 99”. B pabome maxoice
npeocmagnenvt opmyavl paciema GIUAHUS HA OKPYHCAIOWYIO cpedy, KOmopoe co30aémcsi 8 pasmbiXx CMYNEeHsIX
JHCUBHEHH020 Yukaa mebenu. Popmynvl paciema Ucnoab308aHbl Ol OYEHKU BIUSHUS JHCUSHEHHO20 YUKIA MeDenu Ha
OKpYIHCAIOWYIO Cpedy YHUmvleds OaHHble 0 ceKmope MebenbHo20 npouzsoocmea Jlameuu 0na nepuooa 8pemeHu ¢
2000 no 2003 eo0a. . Onucannas 6 pabome MOOeib pAcYema GIUAHUSL HA OKPYIHCAIOWYIO CPedy HOMONCem
nPOU3800UMENM OYEHUMb GIUSIHUE C80ell NPOOYKYUU HA OKPYICAIOWYIO CPedy U, UCHOJIb3YS Pe3Vibmambl aHalu3d
YYECMBUMENLHOCU (PAKMOPO8 GIUAHUS HA CPedy, ONPedelumb NPUOPUMEMHOCHb MEPORPUSIMULL ONMUMU3AYUU
9MANOE JHCUSHEHHO20 YUKIA NPOOYKMA U c0o30amb pekoMeHoayuu no sxkoousainy. Pezyrbmamer anaiuza
YYECMBUMENLHOCU  NOKA3BIBAIOM YMO HAUOOIbULee GIUAHUE HA OKPYICAIOWYIO Cpedy uMeem KOIUdecmeo
Mamepuanos, ROCIeOYIOuUMY HAKMOPamu A6IsLOMCsL PACCMOSIHUSL MPAHCROPMUPOSKU 20MOBOL NPOOYKYUU, 005
mycopa mebenu, Komopoe 6 KOHYe IHCUSHEHHO20 WUKAA COCU2AiOmcs, nompebieHue dIeKmpuiecmeo 60 8pems
npousgoocmea mebenu. Obvem npouU3600CMEEHHbIX OMX0008 UMeem CPpasHumenbHo Hebonvuoe erusnue. Onupascey
Ha pesyromamul pacuemos u npoepammy ECODESIGN PILOT, 6 pabome co30am nepeueHb peKoMeHOauuu no
9KOOU3AUHY 0151 nPou380oumenell meoenu.

146



