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B Introduction

Climate change, which is allegedly the
consequence of human activity, is con-
sidered as one of the most dangerous
environmental problems [1]. At local,
national and international levels, a lot
of activities aimed at the reduction of
greenhouse gas emissions are undertak-
en. Additionally, monitoring and fore-
casting actions are implemented in a lot
of fields of human activity [2-3]. Also,
education plays an important role in de-
signing effective mitigation strategies. It
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Abstract

The carbon footprint of a product (CFP) approach is one of the most important tools which
gives a possibility to estimate the total amount of greenhouse gas (GHG) emissions in the
whole life cycle of consumer goods. A lot of attempts have been undertaken to elaborate
methodology for CFP calculation. Because GHG emissions may occur at each stage of the
life cycle, the calculation procedures are characterised by a high level of complexity. This
is due to the use of a broad range of different materials in the case of the whole footwear
manufacturing process. Owing to this fact, a lot of wastes, sewages and toxic gases may be
generated at every step of the production process. For each kind of material used, a lot of
determinants should be laid down, such as the source of the material as well as distances and
means of transportation between manufacturers and consignees. It causes that estimation of
total carbon footprint values is not possible, especially in the case of a long and multi-stage
supply chain. With the use of the SimaPro LCA software package, the authors calculated
the carbon footprint for seven types of outdoor footwear. The CEFP was calculated for each
step of the life cycle. Based on the calculations, the correlation dependences were revealed
and stages with huge emissivity indicated. Then, with the use of a multivariate regression
model, the regression function, which determines the total emissivity at each stage, was
estimated. This approach gives qualitative indicators which can be taken into account in

making decisions about corrective actions.
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is welcomed that people improve under-
standing of the connection between own
output and global emissions [4]. One of
the most effective tools to calculate the
total amount of the greenhouse gas emis-
sions of consumer goods is the carbon
footprint of a product (CFP) approach.
Literature sources give afew simi-
lar definitions which describe the car-
bon footprint. According to [5], CFP is
a methodology to estimate the total emis-
sions of greenhouse gases (GHG) in car-
bon equivalents from a product through-
out its life cycle, from the production
of raw material used in its manufacture
to the disposal of the finished product
(excluding in — use emissions). On the
other hand, ETAP (an environmental
body under European Commission juris-
diction) says: “the Carbon Footprint” is
a measure of the impact human activities
have on the environment in terms of the
amount of greenhouse gases produced,
measured in tonnes of carbon dioxide”
[6]. The Parliamentary Office of Science
and Technology [6] gives a similar defi-
nition: “A Carbon Footprint is the total
amount of CO, and other greenhouse
gases, emitted over the full life cycle of
a process or product. It is expressed as
grams of CO, equivalent per kilowatt
hour of generation (gCO,./kWh), which
accounts for the different global warming
effects of other greenhouse gases”.

The carbon footprint is an aggregate
amount of greenhouse gases which are

emitted during the life cycle of a product.
Greenhouse gas is any gas that has the
property of absorbing infrared radiation
emitted from the Earth’s surface and re-
radiated back to the Earth’s surface. This
is the mechanism of the greenhouse ef-
fect. Exemplary greenhouse gasses are
given as follows: carbon dioxide (CO,),
methane (CHy), nitrous oxide (N,O),
chlorofluorocarbons (HFC, PFC, CFC),
ozone (O3), sulfur hexafluoride (SF¢) and
others. These amounts are described by
the carbon dioxide equivalent (CO,,),
which is expressed in tonnes (tCO,.)
or kilogrammes (kgCO,.). Such an ap-
proach allows to compare greenhouse
gas emissions using acommon rating
scale; however, various gases contribute
to global warming to different degrees
[1], [8]. Quantitative assessment of the
influence of a given substance on glob-
al warming potential is measured with
the use of the global warming poten-
tial (GWP) indicator. This parameter is
a measure for weighting the climatic im-
pact of emissions of different greenhouse
gases [9] over a period of time (usually
20, 100 or 500 years).

At present there exist several standard-
ised methods which give a possibility to
calculate the carbon footprint of products
[10]. One of the most popular methods is
life cycle assessment. This methodology
is based on the fact that all environmental
burdens connected with a product or ser-
vice must be assessed. Calculations start
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Table 1. Comparison between carbon footprint calculation standards [9].

Boundaries

cradle-to—gate

Standard Description
The aim of this standard was to initiate a uniform
PAS 2050 assessment guideline in the field of GHG assessment

of a product level.

The aim of this tool was to provide additional guidance
on the assessment of GHG emissions and offer an
international GHG evaluation and reporting standard [11].

GHG Protocol

cradle—-to—grave

cradle-to—gate
cradle—-to—grave

In this standard the following principles are included:

— coherence — gives a possibility to compare between
different materials within the same category;

— fairness — quantified carbon emissions and reductions
in GHG emissions should be treated separately;

— possibility of integration of interested parties;

ISO 14067

cradle-to—gate
cradle—to—grave
gate—to—gate

partial carbon footprint

— avoidance of double — counting of GHG emissions [11].

at the raw material acquisition and end
with waste removal, and are divided into
stages connected with the life cycle of the
product. Life cycle assessment is the ba-
sis for the carbon footprint calculations
described by the following standards:
ISO 14067 [11], PAS 2050 [12] and GHG
Protocol [13]. Table 1 shows a compari-
son between these standards in the field
of applicability [10]. According to the de-
scription of the boundaries, the following
categories can be distinguished: cradle to
gate [11-13], cradle to grave [11-13], and
gate to gate [13]. Cradle—to—grave as-
sessment evaluates the environmental ef-
fects associated with each kind of activi-
ty from the initial gathering of raw mate-
rials until the point when all residuals are
returned to the environment (in the form
of wastes, gases or sewages). The other
point of view: the cradle—to—gate con-
cept is concentrated on a partial product
life cycle from extraction (cradle) to the
factory gate. Thus, the assessment ends
before the product is transported to the
consumer). Gate—to—gate assessment
is a method of partial LCA calculation.
This approach was used in this paper.

Literature sources focusing on complex
carbon footprint calculations for foot-
wear are relatively poor. For example,
in paper [15] the carbon footprint was
determined for leather shoes in order to
highlight those steps, which contribute
most to the total environmental impact.
To obtain results, the authors used sim-
plified semi — quantitative methodology.
Studies described in [16] were focused
on the correlation between the carbon
footprint and thickness of finished bo-
vine leather. In paper [17] the authors
calculated the carbon footprint of Puma
footwear with the use of the Carbon
Trust Methodology Version 1.3 tool.
The supply chain model of the life cycle
assumed the following steps: primary
production of raw materials, manufac-
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Figure 1. Life cycle system of footwear with boundaries [3].

turing, distribution, use and disposal.
In paper [18] the authors showed that
the reuse and recycling of clothing and
footwear can reduce the environmental
burden in comparison to purchasing new
garments.

In this work the life cycle of footwear
was divided into 8 stages, while calcula-
tions were made at stages 3, 4, 5, 6 and 8:

stage 1 — raw material acquisition,

stage 2 — production of input materials
(such as leather, plastic, rubber, textile,
metal, wood, wool, cork, cardboard, pa-
per, chemicals, and others),

stage 3 — footwear component manufac-
ture,

stage 4 — footwear assembling and pack-
aging,

stage 5 — packaging manufacture,

stage 6 — distribution to customers,

stage 7 — use phase,

stage 8 — end of life.

In order to implement the life cycle as-
sessment, the system boundaries were
defined, shown in Figure 1.

The aggregated amount of the carbon
footprint, expressed as a carbon dioxide
equivalent, was calculated with the use of
Equation (1) [3].

CFP = %hoy (T pi + Xy wy) =

= Yhot (T fiti + 221 53). (1)

where:

k=1, ..., 8 —is an aggregation index cor-
responding to the number of stages,

p; — is the total volume of greenhouse
gases during the i process,

w; — is the total volume of greenhouse
gases connected with the manufacturing
of the j part of a shoe,

f; — factor representing the emissivity of
a unit process over its duration

x; — factor of emissivity of a unit material
and its mass y;.
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Table 2. Models and types of footwear used for footprint calculations.

Main upper materials
(as a fraction of the percentage
of the total shoe mass)

Model Description
Children is footwear
M1 .
size 35
M2 thldren is footwear
size 32
M3 Children is footwear

size 32

Women'’s footwear
M4 of ballerina type

size 37
Outdoor fotwear Chrome — tanned bovine leather — 18.4%,
M5 size 42 metals (steel and cooper) — 14%, polyvinyl
chloride — 3.8%
M6 Children is footwear
size 32 — styrene — 0.6%
M7 Men'’s outdoor Chrome — tanned bovine leather — 26.6%,

fotwear size 42

The implementation of Equation (1) in
the life cycle system required the follow-
ing simplifications:
Omission of emission amounts in
stages 1 and 2. Their influence is in-
cluded in stage 3.
In stage 4, the power consumption
was calculated only for processes
which took place in the footwear fac-
tory.
In stage 5, only the basic package was
considered.
In stage 6, the distance between the
manufacturer and consignee was esti-
mated as the that between the factory
and the capital city of the country.
The use phase (stage 7) was excluded
from the calculations because its per-
centage in atotal amount of CFP is
less than 1%.
In case of doubt, the conservatism rule
was used. In accordance with this rule,
the option with higher emissivity was
chosen.

The main goal of the following inves-
tigations was calculation of the carbon

Bovine hides (chrome tanned leather)
— 33.9%, acrylonite butadiene — styrene 7.3%

Bovine hides (chrome tanned leather)
— 25.6%, acrylonite butadiene — styrene — 6.6%

Bovine hides (chrome tanned leather) — 30.4%,
acrylonite butadiene — styrene — 8.4%

Chrome — tanned bovine leather — 24.4%,
acrylonite butadiene — styrene — 3.4%

Cotton thread — 18.8%, acrylonite butadiene

polyester — 2.5%

(TPU) — 38%
(HDPE) - 39.7%

—39%

48.6%

footprint for seven models of footwear
at all stages of the life cycle. The results
obtained gave a possibility to identify
those stages, where the emissivity is the
highest. This paper is a continuation of
the research cycle initiated by the authors
of [19].

I Materials and methods

Used materials

The test material was represented by
7 types of outdoor footwear (M1 — M7)
derived from domestic production (Po-
land). Table 2 shows characteristics of
the materials used.

In order to ensure simplicity and clarity
of final results, calculations were made
for two components: the upper and sole.
Depending on the footwear type, the fol-
lowing elements were placed in an upper
set of materials: lining, tongue, reinforce-
ment of the tongue, toe puff, counter,
latch, reinforcement of the vamp, velcro,
velcro belt, velcro frame, ornament leath-
er, ribbon, ribbon reinforcement, thread,

Table 3. Correlation matrix of the total CO,, and CO,, at stages 3, 4, 5, 6, 8 (*significance

level o = 0.05, ** significance level a = 0.01).

Outsole material
(as a fraction of the percentage
of the total shoe mass)
Thermoplastic polyurethane

High density polyethylene

Thermoplastic polyurethane

Natural rubber — 71.4%

Thermoplastic polyurethane
and polyurethane foam — 56.3%

Polyvinyl chloride — 67.6%

Desmodur + synthetic rubber —

Source of cor- Total CO COy in COy in COy in COy in COy in
relation 2e stage 3 stage 4 stage 5 stage 6 stage 8
total CO 1 0.855* 0.423 0.825* 0.370 0.457
2 (p<0.05) | (p=0.344) | (p=0.022) | p=0.414) | (p=0.303)
) 0.855* -0.393 0.642 0.544 0.848*
COginstage 3 | (' 2'g o5) 1 (p=0384)  (p=0.120)  (p=0207) (p=0.016)
CO.. in stage 4 0.423 -0.393 1 -0.038 0.337 -0.239
2e 9 (p=0.344)  (p=0.384) (p=0.935) (p=0.459) | (p=0.606)
CO,. in stage 5 0.825* 0.642 -0.038 1 0.380 0.321
2 9 (p=0.022) | (p=0.120) | (p=0.935) (p=0.401) | (p=0.482)
CO.. in stage 6 0.370 0.544 0.337 0.380 1 0.534
2 9 (p=0.414) | (p=0.207) | (p=0.459) (p=0.401) (p=0.217)
CO,. in stage 8 0.457 0.848* -0.239 0.321 0.534 1
2 9 (p=0.303) | (p=0.016)  (p=0.606) (p=0.482) (p=0.217)
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Total weight
of product (with
a package), g

Total weight of
pair of shoes, g

333.95 435.30
365.71 467.77
273.97 400.78
304.38 414.38
1549.10 1706.36
343.08 466.01

699.55 840.18

laces, eyelett, zip fasterner, lining (vamp
and quarter), lining reinforcement, collar,
foam of the collar, protective edge of the
shoe puff, tex, heel counter, and cushion-
ing elements. Such elements as filling on
the outsole, latex foam, heel, nails, insole
board and midsole were included in the
sole part of the shoe.

Methodology of carbon footprint
calculation for footwear

Data acquisition, which was necessary to
implement Equation (1), was made via
a questionnaire. It consisted of the five
following sheets:
Introduction — this worksheet presents
the general assumptions and goals of
the CO,Shoe tool and contains advice
how to fill in the questionnaire.
General data — in this sheet, general
information about the footwear model
evaluated and about footwear manu-
facture are provided (like the enter-
prise name, location, model name,
category as well as the size, shoe
weight and packaging weight).
Components and packaging — in this
sheet the specifications of materials
and their amounts are included in re-
lation to each component as well as
the end of life of the materials (type of
solid waste and end — of — life waste).
This sheet also refers to the transpor-
tation, which is described by the dis-
tance between the manufacturer and
customer.
Assembling — in this sheet data (like
total energy consumption for man-
ufacturing, chemical consumption,
total waste consumption, wastewater
and end of life of solid wastes in man-
ufacturing) related to assembling and
finishing are collected.
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Distribution — this sheet collects data
about transportation from the man-
ufacturer to an average distribution
point.

Completion and processing of this ques-
tionnaire in the evaluation was a neces-
sary step in order to create a final report
with calculated values of CO, emissions
for each step.

M Results and discussion

The result of the questionnaire input was
a dataset about the carbon footprint for
each model of footwear, M1 — M7, used
in this experiment. Figures 1 and 2 show
the total CO, emissions for each stage
analysed: 3, 4, 5, 6 and 8. The maximum
value was reached for stage 3 in the M5
model, which was expressed in terms of
equivalent CO,, as 8.049 kg (Figure 2).
By contrast (Figure 3), stage 6 (distribu-
tion to a customer) was the least toxic of
stages (the minimal value of equivalent
CO, was reported in M1 and reached the
level 0.009 kg). The large variation be-
tween particular types of shoes was man-
ifested by high values of the coefficient
of variation for each steps: 76% — step 3,
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104% — step 4, 85% — step 5, 92% — step
6 and 69% — step 8. Hence, this informa-
tion can be important to initiate reduction
operations.

It is possible to assume that footwear
mass is one of the most important ele-
ments which have a close relation with
CO, emissions (it is evident especially
between M1 — M6, where the correlation
reached the level of 0.82).

Reduction of the footwear mass can be an
important operation which allows to re-
duce CO, emissions, especially when the
basic materials are substituted by others
with a low specific weight.

Table 4. Model summary for predictors X3, X,
Adjusted
R R-square R-square
1.000 0.999 0.996

Table 5. ANOVA results for model proposal.

Model Sum of squares df
Regression 2.828E7 5
Residual 17745.093 1
Total 2.830E7 6

M3 M4

=
o
=
>
=
3

Type of shoe

Figure 5. Percentage contribution of CO, emissions to the total
value of CO, emissions.

In order to form a qualitative description
of the contributions of each stages to the
total carbon footprint value, correlation
coefficients between particular emissions
and total emissions were calculated (7a-
ble 4).

The correlation matrix components show
that the total volume of emissions has
astrong linear relationship with emis-
sions from stage 3 (correlation at a level
of 0.855 and for a statistical significance
less than the confidence interval value
o= 0.05) and with those from stage 5
(correlation at alevel of 0.815 and for
a statistical significance less than the
confidence interval value a = 0.05). In all

Xs, X X;.

Standard error Durbin — Watson

of estimate statistics
133.211 2.542
Mean square F Significance
5656179.344 318.746 0.042 <0.05
17745.093
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other cases, the values of correlation stay
between 0.370 for stage 6 and 0.467 for
stage 8. The correlation coefficients cor-
respond to the percentage contribution of
each life cycle stage to the total value of
CO, emissions.

According to the data shown in Figure 5,
the highest volumes of greenhouse gas-
ses were produced during stage 3 for
the following models: M1 (74.5%), M2
(65.4%) and M7 (57.1%). In the case
of models M3 and M4, dominant was
stage 4 (43.5% and 42.4%, respectively).
The smallest values of emissions were
observed for M7 (1.9%). In stage 5, the
total volume of greenhouse gases emitted
stayed between 8.7% for M1 and 34.7 for
M7. Stage 6 had a small share (less than
2%). In the case of stage 8, the percent-
ages ranged between 5% in M3 to 13.3%
in M2, which means that the intensity of
activities undertaken for the reduction
of emissions should be geared towards
the most emissive stages, i.e. stage 3 in
MI, M2 & M7, stage 4 in M3 & M4,
and stage 5 in M7. In order to develop
a unidirectional relationship which con-
nects the total emissions with particular
emissions at each stage, the following re-
gression model was created according to
Equation (2) below:

Y f(X, ), 2
Where, Y is a dependent variable (total
volume of CO, emissions from all stag-
es), and is afifth — piece combination
X=[X5, Xy, X5, X5, Xg], where indexes
3,4,5, 6 & 8 correspond to the numbers
of stages. Moreover, it is assumed that
the random component ¢ has a stand-
ard normal distribution. When the data
obtained from all stages were put into
Egquation (2), function Y took the follow-
ing form:

Y(X) = 1044.760X; — 89.057.X, +
+297.174X;5 — 921.885X, —
+3925.486X, + 1370.817. (3

Details on this model are described in
Table 4.

Model (2) is amultivariable function
which can be implemented in an optimi-
sation procedure. It is possible to mini-
mise function Y with the use of certain
sets of constraints, which can be changed
depending on the technical possibilities.

B Conclusions

In this paper, the authors performed the
calculation of the carbon footprint for
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seven models of footwear available on
the market. Knowledge in the field of real
amounts of emissions from each stage is
very important to minimise the negative
impact of the final product on the envi-
ronment. On the other hand, it is possible
to take actions which can optimise the
manufacturing processes by, for example,
switching to new suppliers with a low car-
bon balance [20], liquidation of gaps in
transport, improving energy effectiveness
[21], less consumption of raw materials
[22], switching to natural materials [2-
25], switching from traditional coal ener-
gy to biomass renewable energy [26], and
waste and material management [27-30].
Moreover, analysis of LCA gives an op-
portunity to determine a market position
for acertain company. The preliminary
analysis, done in this paper, gives a pos-
sibility to suggest several ready — made
solutions, which can be implemented by
manufacturers or consumers in industrial
practice. The solutions are suggested for
the most emissive stages: 3, 4 and 5.

Stage 3

Reduction of the weight of materials
used in component manufacture. This
could give agreat positive impact
on the carbon footprint of the final
product, because a small reduction in
weight could significantly reduce the
total carbon footprint value.

Use of materials with lesser impact.
For example, replacement of chrome
tanned bovine leather by other mate-
rial with lesser environmental impact,
for instance, by glutaraldehyde bo-
vine tanned leather. Reduction of the
weight of the outsole is possible by
replacement of PU material with, for
example, natural rubber, SBR, syn-
thetic rubber, PVC or other material
with similar properties.

Stage 4

Replacement of solvent-based adhe-
sives (SBAs) by others with lesser im-
pact, such as water — based adhesives
(WBAs). WBA can be used on current
production lines with existing equip-
ment.

Reduction of chemical consumption,
especially during finishing and assem-
bling processes.

Increase in the consumption of renew-
able energy sources.

Reduction of electricity consumption
by use of energy — efficient machin-
ery and improved factory insulation to
minimise heat loss.

Stage 5

Reduction of the weight of cardboard
boxes by replacing the material by
another with lesser impact, such as
100% recycled paper.

All of undertaken decisions should take
into account the consequences. For ex-
ample, when the mass of ashoe goes
down, then it is possible that the dura-
bility of the final product will deteriorate
too. However, this fact is negative from
an ecological point of view because it
makes the purchase of a new pair neces-
sary. In order to verify the real effective-
ness of the operation, it is necessary to
control the quality of modified products.
In this case, the criteria established for
the EU Ecolabel for Footwear may be
helpful [31-32]. In this paper the use of
the product stage was omitted because
there is no reliable method for estima-
tion of the carbon footprint at this stage.
It does not alter the fact, that quality as-
pects should be taken into considerations
by manufacturers and companies. In this
case the responsibility for product quali-
ty goes hand-in-hand with environmental
protection.

References

1. Peters GP. Carbon footprints and em-
bodied carbon at multiple scale. Current
Opinion in Environmental Sustainability
2010; 2: 245-250.

2. Scipioni A, Manzardo A, Mazzi A, Mas
strobouono M. Monitoring the carbon
footprint of products: a methodological
proposal. Journal of Cleaner Production
2012; 36: 94-101.

3. Meinshausen M, Smith SJ, Calvin K,
Daniel JS, Kainuma MLT, Lamarque JF,
Matsumoto K, Montzka SA, Raper SC
B, Riahi K, Thomson A, Velders GJM,
van Vuuren DPP. The RCP greenhouse
gas concentrations and their extensions
from 1975 to 2030, Climatic Change
2011; 109 (1-2): 213.

4. www.ecotextyle.eu - access 09.10.2018.

5. www.carbontrust.co.uk — acces 01.09.
2018.

6. The Carbon Trust Helps UK Business-
es Reduce their Environmental Impact,
Press Release, ETAP 2007.

7. Carbon footprint of electricity genera-
tion, POSTnote 268, 2006, Parliamen-
tary Office of Science and Technology,
London, UK.

8. Kijewska A, Bluszcz A. Analiza pozio-
mow $ladu weglowego dla $wiata i kra-
jow UE. Systemy Wspomagania w Inzy-
nierii Produkcji 2017; 6(2): 169-177.

9. Olszewski PK, Gajewski R, Zapatero A.
Slad weglowy obuwia, w: Przemyst Gar-

FIBRES & TEXTILES in Eastem Eurgpe 2019, Vol. 27, 5(137)



10.

1.

12.

13.

14.

15.

16.

17.

18.

barski w Swietle Problematyki Techno-
logicznej i Srodowiskowej, IPS Krakéw,
Krakow 2017.

Liu T, Wang Q, Su B. A review of carbon
labeling: Standards, implementation and
impact. Renewable and Sustainable En-
ergy Reviews 2016; 53: 68-79.

Wu P, Xia B, Zhao X. The importance
of use and en-of-life phases to the life
cycle greenhouse gas (GHG) emissions
of concrete — A review. Renewable Sus-
tainable Energy Reviews 2014; 37: 360-
369.

Guenther M, Saunders CM, Tait PR.
Carbon labelling and consumer atti-
tudes. Carbon Management 2012; 3 (5):
445-455.

Wu P, Low SP, Xia B, Zuo J. Achieving
transparency in carbon labelling for con-
struction materials — lessons from cur-
rent assessment standards and carbon
labels. Environmental Science and Poli-
cy 2014; 44: 11-25.

Stechemesser K, Guenther E. Carbon
accounting: a systematic literature re-
view. Journal of Cleaner Production
2012; 36: 17-38.

Mila L, Domenech X, Rieradevall J, Ful-
lana P, Puig R. Application of life cycle
assesment to footwear. International
Journal of Life Cycle Assessment 1998;
3 (4): 203-208.

Kuo-Wen Ch, Lung-Chieh L, Wen-Shing
L. Analyzing the carbon footprint of the
finished bovine leather: a case study of
aniline leather. Energy Procedia 2014;
61: 1063-1066.

Lee Barling R, Wohlgemuth V. Carbon
footprinting of products - enabling the
ecological supply chain of the future.
International Conference IT and Climate
Change, Berlin 2008.

Woolridge A C, Ward G D, Pillips P S,
Collins M, Gandy S. Life cycle assess-
ment for reuse — recycling of donated

TARORPAK

INTERNATIONAL FAIR
FOR PACKAGING
AND
LABELING TECHNOLOGY

FIBRES & TEXTILES in Eastemn Eurgpe 2019, Vol. 27, 5(137)

19.

20.

21.

22.

23.

24.

25.

26.

waste textiles compared to use of virgin
material: An UK energy saving perspec-
tive. Resources, Conservation and Re-
cycling 2006; 46 (1): 94-103.

Gajewski R, Ferrer J, Martinez MA, Zap-
atero A, Cuesta N, Gajewski A. Foot-
wear carbon footprint in footwear indus-
try (CO,Shoe), [in] Achievements and
challenges of commodity science in the
age of globalization, Red.: A. Chochot,
J. Szakiel, Polish Society of Commodity
Science, Cracow University of Econom-
ics, Krakow 2014.

Bridge G, Bouzarovski S, Bradshaw M,
Eyre N. Geographies of energy transi-
tion: space, place and low carbon econ-
omy. Energy Policy 2013; 53: 331-340.
Dincer |. Renewable energy and sus-
tainable development: a crucial review.
Renewable and Sustainable Energy Re-
views 2000; 4(2): 157-175.

Lee K-H. Integrating carbon footprint into
supply chain management: the case of
Hyundai Motor Company (HMC) in the
automobile industry. Journal of Cleaner
Production 2011; 19 (11): 1216-1223.
tawinska K, Serweta W, Gendaszews-
ka D. Applications of Bamboo Textiles
in Individualised Children’s Footwear.
FIBRES & TEXTILES in Eastern Eu-
rope 2018; 26, 5(131): 87-92. DOI:
10.5604/01.3001.0012.2537.

Eryuruk SH. Greening of the Textile and
Clothing Industry. FIBRES & TEXTILES in
Eastern Europe 2012; 20, 6A(95): 22-27.
Paweta E, Mikotajczyk B. Areas for Im-
proving the Innovation Performance
of the Textile Industry in Russia. FI-
BRES & TEXTILES in Eastern Eu-
rope 2016; 24, 1(115): 10-14. DOI:
10.5604/12303666.1172081.

Li J. Towards a low — carbon future in
China’s building sector — a review of en-
ergy and climate models forecast. Ener-
gy Policy 36 (5), 2008: 1736-1747.

30.09-3.10

2019

POZNAN
POLAND

IN LOGISTICS

27.

28.

29.

30.

31.

32.

tawinska K, Serweta W, Modrzewski
R. Qualitative Evaluation of the Pos-
sible Application of Collagen Fibres:
Composite Materials with Mineral Fill-
ers as Insoles for Healthy Footwear.
FIBRES & TEXTILES in Eastern Eu-
rope 2018; 26, 5(131): 81-85. DOI:
10.5604/01.3001.0012.2536.

Serweta W, Olejniczak Z, Wozniak
B. Analysis of Insole Material Impact
on Comfort During Physical Exertion.
FIBRES & TEXTILES in Eastern Eu-
rope 2018; 26, 2(128): 100-103. DOI:
10.5604/01.3001.0011.5746.

Serweta W, Matusiak M, Olejniczak Z,
Jagietto J, Wojcik J. Proposal for the
Selection of Materials for Footwear to
Improve Thermal Insulation Proper-
ties Based on Laboratory Research.
FIBRES & TEXTILES in Eastern Eu-
rope 2018; 26, 5(131): 75-80. DOI:
10.5604/01.3001.0012.2535.

Pinheiro E, de Francisco AC. Manage-
ment and Characterization of Textile Sol-
id Waste in a Local Productive Arrange-
ment. FIBRES & TEXTILES in Eastern
Europe 2016; 24, 4(118): 8-13. DOI:
10.5604/12303666.1201128.

Olszewski P, Kwiecien J. Slow fashion
w przemysle obuwniczym — percepcja
konsumenta i przedsiebiorcy w Swietle
polityki zréwnowazonego rozwoju. Tech-
nologia i Jako$¢ Wyrobéw 2017; 62: 39-
52.

Gajewski R, Olszewski P. Promotion of
the best available techniques and pos-
itive ecological solutions for leather in-
dustry in the light of efforts carried on
within LIFE + programme. Problemy Ek-
sploatacji 2015; 2: 27-41.

Received 11.10.2018 Reviewed 27.03.2019

]

&

PAPER
PACKAGING

LABELING

929



