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ABSTRACT - REZUMAT

Assessing the environmental profit and loss of the textile industry: A case study in China

The textile industry contributes a lot to China’s economy in history and present. However, it also causes serious impacts
on the environment. Environmental prices methodology was proposed to convert various environmental impacts into
corresponding social marginal value and it can be applied for the evaluation of the environmental loads. This study
applied environmental prices methodology to calculate the social marginal value of the caused environmental impacts
in China’s textile industry during the period from 2001 to 2015. The results showed that the minimum value of caused
environmental impacts was €9.556 billion and the maximum value was €16.599 billion. Among the three sub-industries
of China’s textile industry, Manufacture of Textile had the highest value, followed by Manufacture of Chemical Fibers,
and Manufacture of Textile, Wearing Apparel and Accessories. The value of greenhouse effect caused by CO, emission
was the largest. The value of ammonia nitrogen in wastewater was the largest and followed by the values of COD, As,
cyanide, Hg, Pb and Cd. An in-depth analysis of the results indicated that the social marginal value of the textile industry
closely related to the scale of the industry, the international market and government policies.
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Evaluarea profitului si pierderii de mediu din industria textila: un studiu de caz din China

Industria textila a contribuit foarte mult la economia Chinei in istorie si in prezent. Cu toate acestea, provoaca si daune
grave asupra mediului. S-a propus metodologia calcularii preturilor de mediu pentru a converti diferitele tipuri de impact
asupra mediului in valoare sociald marginald corespunzétoare si aceasta poate fi aplicatd pentru evaluarea impactului
asupra mediului. Acest studiu a aplicat metodologia preturilor de mediu pentru a calcula valoarea sociala marginala a
impactului asupra mediului cauzat de industria textild din China in perioada 2001-2015. Rezultatele au aratat ca
valoarea minima a impactului asupra mediului a fost de 9.556 miliarde euro, iar valoarea maxima a fost de 16.599
miliarde euro. Dintre cele trei ramuri ale industriei textile din China, fabricarea produselor textile a avut cea mai mare
valoare, urmatd de fabricarea fibrelor chimice si fabricarea produselor de imbrdcaminte si accesoriilor. Valoarea
efectului de seré cauzat de emisiile de CO, a fost cea mai mare. Valoarea azotului amoniacal in apele uzate a fost cea
mai mare si a fost urmata de valorile COD, As, cianurd, Hg, Pb si Cd. O analizd aprofundata a rezultatelor a indicat
faptul ca valoarea sociald marginala a industriei textile este strans legatéd de amploarea industriei, de piata internationala
si de politicile guvernamentale.

Cuvinte-cheie: preful de mediu, valoarea sociald marginald, impactul asupra mediului, industria textild, modelul
evaluarii impactului

INTRODUCTION

China is the largest producer, exporter and consumer
of textile and clothing products. The textile industry is
a pillar of China’s national economy. However, textile
industry consumes large quantities of freshwater,
energy and chemicals in the production of textile
products. More severely is that the textile industry
discharges wastewater and emits waste gases that

footprint (CF) and chemical footprint (ChF) have
been proposed and widely applied in environmental
impacts quantification and assessment of textile
products. For example, Chapagain et al. [3] calculat-
ed the green water footprint, blue water footprint and
grey water footprint of cotton from 1997 to 2001.
Wang et al. [4] analyzed the industrial water footprint
of seven kinds of dyed cotton knits. Yan et al. [5] cal-
culated the industrial water footprint of heather grey,

not only cause high economic losses, but also cause
serious damage to human health and ecological sys-
tem [1, 2]. The quantification and assessment of envi-
ronmental impacts caused in the textile industry has
gained more and more attention. Single index
methodologies, such as water footprint (WF), carbon
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bleached cloth, dyed fabric and yarn-dyed fabric. Yao
[6] calculated the carbon footprint of cotton fiber and
divided its system boundary into four stages. Li et al.
[7] discussed the calculation method of C 18.2 tex
cotton carded yarn carbon footprint in each stage.
There are also sufficient literatures on various fabrics
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and garments of carbon footprint, such as polyester
filament fabric [8], gambiered Carbon silk [9] and jean
[10]. Qian et al. [11] calculated the chemical footprint
of denim fabric during dyeing and finishing, including
human toxicity and ecological toxicity. Tian et al. [12]
studied the chemical footprint of textiles and pro-
posed the need for uncertainty analysis of character-
istic factors and optimization of the USEtox model to
improve the accuracy of the results. However, both
water footprint, carbon footprint and chemical foot-
print are single indicators, which only quantify a part
of the environmental impact in a specific area.

With the in-depth study and widely application of envi-
ronmental assessment methodology, the European
Commission proposed product environmental foot-
print (PEF) methodology in 2012 [13]. PEF is a multi-
criteria measure of the environmental performance,
which quantifies the integrated environmental load of
products or services by incorporating different types
of environmental impact category. He et al. [14] con-
structed 14 environmental models based on PEF the-
ory and applied them to environmental assessment
of agricultural picking robot. Pyay et al. [15] evaluat-
ed the environmental footprint of rubber products in
Thailand from plantation phase to intermediate rub-
ber products stage. In addition, PEF has also been
applied in the environmental evaluation of dairy prod-
ucts [16], photovoltaic modules [17], strawberries
[18], olive oil [19] and other products.

All the proposed indicators (e.g., WF, CF, ChF, PEF)
evaluate the environmental impacts at the midpoint
level and the substantial environmental impact (for
human health, ecosystems, resources, etc) cannot
be indicated. In order to solve this problem,
Goedkoop et al. [20] developed a new characteriza-
tion model that can transform environmental impact
at the midpoint level to the endpoint level. The impact
pathway approach used in the externe project [21]
also established the relationship between emissions
and endpoint environmental impacts. Sander et al.
[22] established the environmental prices, which can
convert various impacts of endpoint level into corre-
sponding external costs, and finally obtain the eco-
nomic loss caused by resources consumption and
pollutants emissions. This method has been used in
the study of average environmental prices in EU28
countries [23]. Other similar methods such as True
Price, Trucost, PwC-environmental profit and loss
account (EP&L) were also established and applied.
For example, the real price of a T-shirt made of certi-
fied cotton produced in India was €22.3, of which the
external cost was €7.3 [24]. The true price of a pair of
jeans was €30 higher than the traditional market
price. The price gap was mainly contributed by envi-
ronmental external costs and social external costs
[25]. In addition to the applications on textile prod-
ucts, True Price also calculated the external costs of
cocoa [26], tea [27], banana [28] and other products.
Trucost worked with PwC to carry out an EP&L study,
which stated that the total monetary impact of
PUMA'’s direct and supply chain operations was €145
million in 2010 [29]. Similar studies of EP&L included
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Novo Nordisk [30], American Chemistry Council [31]
and The Green Electronics Council [32], etc. These
methods converted environmental impacts into exter-
nal cost, but there were differences in the specific
evaluation methods. Environmental prices [22] evalu-
ated 11 kinds of midpoint impacts (i.e., ozone deple-
tion, climate change, particulate matter formation,
photochemical oxidant formation, acidification,
eutrophication, human toxicity, ecotoxicity, ionizing
radiation, noise and land use), while PwC-EP&L
mainly included air pollution, greenhouse gases, land
use, solid waste, water consumption and water pollu-
tion [33]. Although the impacts of the midpoint level
were different, the evaluation of the endpoint level
was similar, that mainly included the impact on
human health, ecosystem services, buildings and
materials, etc. In terms of social impact, True Price
considered more detailed categories [34], including
gender inequality, public safety risks and breaches of
privacy, etc. The method of environmental prices was
also considered the impact of wellbeing [22]. The
applications of True Price and Trucost were mostly
focused on specific products (T-shirt, bananas,
cocoa, etc.), while EP&L research was mainly
applied at the enterprise and organizational level.
However, there are few reports on environmental
impacts assessment of the textile industry based on
EP&L methodology though the textile industry does
cause serious environmental impacts.

Therefore, this paper calculated the external cost of
environmental damage caused by China’s textile
industry with the environmental profit and loss
methodology. The parts of this paper are organized
as follows. Section 2 provides methodology and data.
The results are discussed in section 3. Section 4 is
the conclusion of this paper.

METHODOLOGY AND DATA
Method

Environmental prices methodology is regarded as a
more scientific method to evaluate the social
marginal value of preventing emissions [22]. It estab-
lishes the impact of emissions on 11 environmental
midpoints, including ozone depletion, climate change,
human toxicity, etc. It evaluates the endpoint damage
caused by each midpoint to human health, ecosys-
tem services, buildings/materials, resource availabili-
ty and wellbeing, and finally calculates the external
cost of these damages. The method consists of three
important parts: characterization models, impact
pathway models and valuation methods. The overall
framework is shown in figure 1.

Characterization model

The characterization model quantifies the physico-
chemical relationship among emissions, midpoint
impacts and endpoint damages. The midpoint char-
acteristic factor (CFm) is obtained by introducing rel-
evant environmental impact pollutants to quantify the
relationship between emission and midpoint. The
endpoint characteristic factor (CFe) is obtained by
analysing the damages caused by the midpoints to
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Fig. 1. The framework of environmental prices methodology

different protection areas (human health, ecosystem
quality and resource scarcity) [20].

In order to maintain the consistency of midpoint and
endpoint impacts, different cultural perspectives (i.e.,
Individualist, Hierarchist and Egalitarian) are adopt-
ed. The CFm and CFe can be calculated as follows:

S

X,C

CFm, . = (1)

rc

x F

m—’ecya

CFe CFm

%, 2)
where CFm, . is the midpoint characterization factor
of substance x for cultural perspective c. Sx’C is the
amount of substance x for cultural perspective c. S, ;
is the amount of reference substance r for cultural
perspective c. CFeX’C’a is the endpoint characteriza-
tion factor of substance x for cultural perspective ¢
and area of protection a. Fmﬂecya is the conversion
factor from midpoint to endpoint for cultural perspec-
tive ¢ and area of protection a.

Impact pathway model

The impact pathway model is a bottom-up method,
which can simulate the dispersion and chemical
transformation of emission in different environmental
media, and convert it into corresponding concen-
tration. The effect on the endpoint is quantified by

x,c,a
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dose-response function and the impact is assigned to
the corresponding monetary value. The specific steps
are shown in figure 2.

The model of Meteorological Synthesizing Centre-
West of European Monitoring and Evaluation
Programme (EMEP/MSC-West) is adopted in the
process of emission concentration conversion, which
distributes the changes of concentration and deposi-
tion per unit of emission into the EMEP grid cells to
establish the relationship between emission and con-
centration in specific areas. The concentration-
response function is used to evaluate the endpoint
effect in each EMEP grid cell. It can be expressed by
mortality, morbidity and potentially disappearing
species.

Valuation method

Valuation method establishes the economic relation-
ship between the impacts of the endpoint and the
external costs. The model calculates the external
costs of five environmental endpoints: human health,
ecosystem, building materials, resources and wel-
fare. The valuations are different in different end-
points. For example, the impact of human health is
generally expressed in terms of mortality and mor-
bidity, which are measured in life years. Value of a
Life Year (VOLY) assigns the monetary values for
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Fig. 2. Impact pathway approach

Table 1

THE VALUATION METHOD OF ENVIRONMENTAL PRICES

Health impact Indicator Valuation
Mortality YOLL .
Human health (Years of Lost Life) VOLY [35]
o QALY (Value of a Life Year)
Morbidity (Quality-Adjusted Life Years)
Indicator Valuation
Ecosystem services PDF VEDP [36]

(Potentially Disappeared Fraction of Species) (Value of Ecological Damage Potential)

Impact Valuation
o Corrosion due to acidification NEEDS Project [37]
Buildings/ Particulate pollution Rabl [38]
materials

Corrosion impacts on cultural heritage

Rabl [38] VMM [39]

Impacts on paint and plastics

Watkiss et al. [40]

Resource availability Uncertain (Further research is needed)

Impact

Valuation

Wellbeing
Noise nuisance

Bristow et al. [41]

Years of Lost Life (YOLL) and Quality-Adjusted Life
Years (QALY). Specific evaluation methods are
shown in table 1.

Data

China’s textile industry can be divided into three sub-
industries: Manufacture of Textile (MT), Manufacture
of Chemical Fibers (MCF), and Manufacture of
Textile, Wearing Apparel and Accessories (MTWAA).
In this paper, energy consumption data and wastew-
ater pollutants data of China’s textile industry from
2001 to 2015 were collected at the national level. The
wastewater pollutants in China’s textile industry
included Hg, Cd, Pb, As, cyanide, COD and ammo-
nia nitrogen. Environmental prices for pollutants
referred to the recommended median values in the
environmental prices models. In addition, the missing
environmental price of COD was obtained by con-
verting COD into phosphorus through the character-
istic factor of water degradation footprint pollutants.
The specific data types and sources are shown in
table 2.
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Table 2
SPECIFIC DATA TYPES AND SOURCES
Data type Unit Source
Energy 104 t China Energy Statistical
consumption €€ | Yearbook (2001-2015) [42]
China Environment Yearbook
(2001-2007) [43]
W?)T]tljet\;vr?’[t:r ton Annual Statistic Report
P on Environment in China
(2007-2015) [44]
EnV|ro'nmentaI €lkg CE Delft [22]
prices

RESULTS AND DISCUSSION

Based on the environmental prices methodology, the
social marginal values of waste emissions from
China’s textile industry and the three sub-industries
from 2001 to 2015 were calculated and shown in fig-
ure 3.

According to figure 3, the social marginal value of
the textile industry increased in volatility, from €9.556
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Fig. 3. The social marginal value of the textile industry
and its sub-industries from 2001 to 2015

billion in 2001 to €15.508 billion in 2015, with an
increase rate of 62.30%. From 2001 to 2003, the
social marginal value of environment increased first-
ly before a little declining. While from 2004 to 2007,
the value increased rapidly and reached a peak of
€16.252 billion in 2007. The reason for the sharp
increase during this period was that the Chinese gov-
ernment issued a series of policies to accelerate the
development of the textile industry. According to the
data of China textile industry development report
[45], the gross value of industrial output of textile
enterprises above designated size increased from
RMB 1610.7 billion in 2004 to RMB 3058.2 billion in
2007, with an increase rate of 89.87%.

Influenced by the global financial crisis in 2008,
China’s textile industry economy showed a down-
ward trend for the first time after years of steady and
rapid growth. According to the national bureau of
statistics’ data [45], the growth rate of the gross value
of industrial output of textile enterprises above desig-
nated size dropped by 8.84% in 2008 compared with
the same period in 2007. The exports of textile and
apparel also dropped by 11.13%. With the overall
slowdown in production and sales, the social
marginal value of the textile industry experienced a
synchronous decline to €15.191 billion in 2009. To
cope with the sluggish economy, the government
adopted a series of macro-control policies to provide
a relatively loose domestic environment for China’s
textile industry since 2009. According to the statistics
[45], the growth rate of industrial output value of the
textile industry increased by 17.16% in 2010 and
26.84% in 2011 respectively. As showed in figure 3,
the value increased again from 2009 to 2011, and
reached the maximum value of €16.599 billion in
2011. Contrary to expectation, the social marginal
value had revealed a trend of gradual decrease since
2012. Aimed at improving environmental benefit, the
government issued strict restrictions on the textile
industry, including energy consumption restriction,
carbon dioxide emission intensity restriction, water
consumption restriction and emission restriction of
major pollutants. These restrictions led to the decline
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in social marginal value. Obviously, it can be con-
cluded that the social marginal value of wastes in
China’s textile industry was not only closely related to
the scale of the industry, but also influenced by the
international market and government policies.
Figure 3 also shows the potential contribution of
social marginal value in the three sub-industries. MT
was found to have the largest social marginal value
followed by MCF, and MTWAA. The value of MT was
much higher than that of other two industries.
Another notable finding is that the fluctuation trend of
MT was consistent with the general trend of the tex-
tile industry and the value of MCF and MTWAA
changed slightly from 2001to 2015. It can be argued
that the MT dominated the social marginal value of
the textile industry, which means that the MT had a
greater environmental impact.

—— 71—
r ) Ammonia )

jer

Fig. 4. The social marginal value of pollutants
in three sub-industries

Figure 4 shows the social marginal value of pollutants
in three sub-industries from 2001 to 2015. The pollu-
tant with the highest value in the three sub-industries
was CO,, which contributed more than 95% of the
total social marginal value. According to the results in
Figure 4, the value of ammonia nitrogen was the
largest and followed by the values of COD, As,
cyanide, Hg, Pb and Cd. Therefore, it can be con-
cluded that ammonia nitrogen caused the greatest
impact on water environment. Since there was no
corresponding consumption in the production phase,
the values of Hg and Pb in MCF and MTWAA were
zero. The major contribution of As and cyanide came
from MT and MCF. The generation of Hg in the textile
industry was little, but the environmental price was
higher than that of other pollutants due to its high tox-
icity and more serious damage to the environment.
Therefore, its social marginal value was even higher
than the sum of Cd and Pb in the three sub-indus-
tries. In general, it can be considered that ammonia
nitrogen, COD were the pollutants that had the great-
est impact on water environment.

CONCLUSIONS

Textile industry has a serious impact on the environ-
ment. This study applied environmental prices
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methodology to calculate the social marginal value of
the environmental impacts caused by the textile
industry. The results showed that the minimum social
marginal value of China’s textile industry was €9.556
billion and the maximum value was €16.599 billion
between 2001 and 2015. Among the three sub-indus-
tries of the textile industry, MT had the highest social
marginal value, while the MTWAA had the lowest. MT
dominated the social marginal value of China’s textile
industry. The pollutant with the highest social
marginal value was CO,. The value of ammonia
nitrogen was the largest in wastewater and followed
by the values of COD, As, cyanide, Hg, Pb and Cd.

Environmental impact is playing an increasingly
important and even decisive role in enterprises’ deci-
sion-making. Environmental prices can transform
various environmental impacts into a unified unit of
value. It is useful in identifying pollutants that have a
greater impact on the environment in an intuitive way.

Therefore, environmental prices methodology can be
applied in enterprises’ cost-benefit analysis and then
find out the hot-spots for costs reduction.
Environmental prices methodology is also a useful
tool for environmental governance. The environmen-
tal impacts of different companies can be quantified
with this tool. The companies with high quantified
value will be restricted and even be punished.
Moreover, environmental prices methodology can
also be applied in environmental tax calculation.
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