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Abstract 

Background: China’s industrial wastewater pollution control policy urgently needs to change from government 
enforcement to market economy incentive, especially in regions with mature market economic conditions and 
improved legislative basis like Yangtze River Delta. The economic principles of Water Emissions Trading policy are 
to achieve a win–win situation in which pollution could be controlled meanwhile abatement costs are minimized. 
Existing regulations lack rules and restrictions for cross-industrial wastewater emission trading, nevertheless not all 
wastewater from various industrial sectors are suitable for emissions trading with each other. This study attempted to 
determine tradable levels of wastewater emissions rights within the selected 10 industries based on the similarity of 
wastewater composition.

Results: The result is presented in a tradable level matrix. It shows that of all industrial wastewater, the most suitable 
for emissions trading are, respectively, Textile and Paper Production, Manufacture of General Purpose Machinery and 
Manufacture of Transport, and then Chemistry Production and Pharmaceuticals.

Conclusion: Generally, this paper provides a systematic calculation method according to the similarity analysis to 
formulate cross-industrial wastewater emissions trading for policy reference. At the end of the article, a rationality 
analysis of the domestic wastewater emissions trading pilot programs was made. Even though the current wastewa-
ter emissions trading situation is not up to expectations, individual enterprises actively achieved emission reductions 
to play as the supply sides in the wastewater emissions trading under economic incentive from such a policy.

Keywords: Industrial wastewater pollution, Emissions trading, Similarity analysis, Wastewater characteristic, 
Abatement cost
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Background
Increasingly strict industrial pollution emission stand-
ards and the establishment of a wastewater permit sys-
tem embody Chinese government attention to industrial 
wastewater pollution. Industrial output accounts for 
more than 30% of the gross domestic product (GDP) 
of China, with 70% of environmental pollution being of 
industrial origin [1]. The urgent need for improvements 

in industrial water pollution management has prompted 
the government to take proactive action, and emission 
reduction schemes have been playing an effective role. 
Total industrial wastewater discharge has declined from 
23.75 billion tonnes (Bt) in 2010 to 18.29 Bt in 2017 [2]. 
However, command-and-control policies have encour-
aged industries to adopt passive positions with little 
motivation to improve [3, 4].

Emissions trading (ET) is considered an effective envi-
ronmental management policy in optimizing the allo-
cation of pollutant emissions. The concept was first 
proposed by Dales [5] as a means of regarding environ-
mental resources as a property right that can be traded. 
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ET encourages industries to be more proactive in con-
trolling pollution for their own interests, with pollu-
tion control targets thus being realizable and pollution 
control changing from mandatory to market behavior. 
Such incentivizing policy promotes industrial innova-
tion and emissions reduction more effectively than man-
datory standards because the latter offers no reward for 
exceeding basic compliance requirements and, in theory 
at least, market-based ET systems are significantly more 
effective than traditional environmental governance poli-
cies [6–8]. Total abatement costs of such incentivizing 
policies, through market allocation of environmental 
capacity resources, are significantly lower than those of 
command-and-control policies in achieving the same 
environmental objectives [9–11]. The rapid development 
of the emissions trading system in international envi-
ronmental law and the successful practice in Europe and 
America countries show that the operation of the emis-
sion trading system is feasible for the reduction of pollut-
ants and promoting the improvement of the environment 
quality [12]. It provides experience and new ideas that 
can be used for reference in China’s environmental man-
agement [13, 14].

Changes and development of China’s environmen-
tal policies since the reform and opening up has led to 
a new stage marked with improved market mechanism 
of environmental protection [15]. As an environmental 
economic policy based on market rather than executive 
order, emission trading policy has been gradually applied 
in environmental management in China [16]. From pol-
icy explorations in the 1980s to domestic pilot programs 
since 2002, China has made beneficial attempts in estab-
lishing emission trading systems and made substantial 
progress. In 1990s, air pollutant emission trading started 
in 6 pilot cities, based on the emission permits pilot in 
16 cities nationwide. The State Environmental Protec-
tion Administration (SEPA) and the United States Envi-
ronmental Protection Agency (USEPA) collaborated on 
a program of applying market mechanism on  SO2 emis-
sion reduction in China in 1999, which starts the realistic 
cap-and-trade policy implementation in China. In 2002, 
the “4 (provinces) +3 (cities) +1 (enterprise)” program 
started the nationwide pilot of ET, including four prov-
inces (Shandong, Jiangsu, Shanxi, and Henan), three cit-
ies (Shanghai, Tianjin, and Liuzhou), and one company 
(China Huaneng Group). ET pilot program extended to 
water environment field in 2007, when chemical oxygen 
demand (COD) and ammonia nitrogen  (NH3-N) emis-
sion trading pilot program first started in Tai Lake. Soon 
after, it extended to river basin level, with Jiangsu, Zhe-
jiang and Shanghai jointly participating into the pilot 
Wastewater Emissions Trading (WET) in Yangtze River 
Delta. With policies innovation and pilot programs 

deepening, ET platforms have been established as sup-
porting system. Jiaxing has established China’s first emis-
sion trading center to deal with WET between water 
pollution enterprises [12, 17, 18]. Emission trading 
centers have been successively established in Zhejiang, 
Tianjin, Shanxi, Fujian and other provinces and cit-
ies, providing enterprises guidelines and approaches to 
actively participate in. In addition, the emission permits 
in 19 industries are issued till 2019 subsequently after the 
first permit issued in Shanghai in 2017. With the full cov-
erage of pollution emission permits in the industrial field 
in 2020, the tasks of total amount control are assigned to 
each enterprise, which also lays the foundation for the 
design of the emissions trading system [19].

From the policy perspective, WET carries the mission 
of environmental management policy transformation 
from command-control to marketization and refine-
ment [15]. Regarding a series of environmental policies, 
Chinese Academy of Environmental Planning (CAEP) 
has given guidelines for environmental policy reforms 
facing 2035. It is pointed in the guidelines that with the 
gradual implementation of the pollution permit system, 
emissions trading will also move from local pilot pro-
grams to marketization, eventually forming a system. 
The implementation of WET requires governmental 
policy and regulation support, and foremost the forma-
tion of an emission right market [20]. Therefore, perfect 
environmental management system and excellent market 
economy conditions are the basis for WET development. 
Meanwhile, WET is better to be developed intra-region-
ally within river basin [21]. The Yangtze River Delta is a 
key area of the “Great Yangtze River Protection”. From 
the perspective of economic and social development, the 
Yangtze River Delta region has a well-developed econ-
omy, complete infrastructure, and advanced develop-
ment concepts. The mature market economic conditions, 
improved legislative basis, and appropriate government 
management capabilities here are a necessity and also 
guarantee WET development [22, 23].

However, when this environmental policy was first 
introduced in the economic field, it was hoped to help 
achieving the expected total environmental control with 
the minimum economic cost, thus obtaining a win–win 
situation for both the environment and the economy 
[24–26]. According to economics principles, WET 
occurs between two enterprises or industries whose mar-
ginal costs per unit of one pollutant are different. What 
our article will explain is the issues that need attention 
in this theoretical framework. The prerequisite of WET is 
that the total environmental quality does not deteriorate. 
Different from individual air pollutants ET such as  SO2, 
WET deals with multiplex and non-uniform water pol-
lutants [27]. Different emission reduction and pollution 
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control costs mean that the nature of wastewater in vari-
ous industries is different. The presence or absence of 
heavy metals, the ease of degradation of organic matter, 
and the level of organic matter are all factors that deter-
mine the unit cost of wastewater treatment. If WET 
occurs between companies belonging to the same indus-
try, the nature of the enterprise’s sewage is basically the 
same. It is examined who can choose cleaner production 
technology and improve the level of pollution control in 
order to gain the initiative in the WET market [28]. But 
in fact, WET is almost between companies in different 
industries. This will cause a problem—enterprises with 
high pollution abatement costs will easily give up pollu-
tion control and become the WET demand side. In other 
words, from the perspective of environmental protection, 
the direction of WET is not expected to be completely 
low-cost enterprises as suppliers, and high-cost enter-
prises as demanders. Rather, standard needs to be made 
to formulate the different industrial wastewater to trade 
beyond cost. The standard is to set restrictions and rules 
for cross-industry transactions.

Practically, it can be seen from the setting of emission 
trading industry coefficients in Zhejiang Province that 
provinces with more positive and effective WET devel-
opment have begun to pay attention to cross-industry 
issues. However, coefficient statistics in Zhejiang Prov-
ince of all industry coefficients are “1” [29]. Similarly, in 
Nanjing, the guidance prices of COD and  NH3-N are dif-
ferent in key water pollution industries from other indus-
tries. But no fine classification is set up [30]. Obviously, 
WET needs such a design, but there are no rules and 
regulations, which requires us to study this issue and give 
guidelines for cross-industry transactions.

The first part of the article discusses the wastewater 
characteristics, treatment processes and marginal pol-
lution control costs in typical industries. Then, a simi-
larity principle is proposed to analyze the similarity of 
wastewater compositions in different industries through 
algorithms. At the end of the article, we evaluate the 
pilot WET carried out in China based on the rules for-
mulated in this article, and point out the deficiencies and 
improvement methods.

Methods
Data collection
We selected 10 industries as research objects according 
to industrial wastewater discharge level and participation 
in the pilot WET. According to the Industrial Classifica-
tion for National Economic Activities (ICNEA) classi-
fication, the industry types nationwide are divided into 
39 categories. This article calculates the tradable level 
between each two of all industries. However, in view of 
the convenience of displaying results and discussion, 

this article purposefully selected 10 industries for analy-
sis. First and foremost, industries with large amount of 
wastewater discharge should be included. Implementa-
tion plan of cleaner production technology in key indus-
tries of water pollution prevention was promulgated in 
2016, in which 11 industries (middle categories) were 
confirmed as water polluting key industries [31]. To 
complement the industries selection, the industrial par-
ticipation was calculated based on the 1668 transactions 
data records in representative pilot programs in Shanxi 
and Fujian provinces (since trading records data in other 
provinces or cities is lacking or not open to public) from 
2012 to 2018, resulting in ten major industries. Based 
on the above two aspects, 10 industries are finally deter-
mined as research objects. The research on the feasibil-
ity of industrial wastewater emissions trading for these 
ten industries will be conducted in subsequent sections 
(Table 1).

Because this paper focuses on the tradability of waste-
water between different industries, the nature of waste-
water and the abatement cost per unit of pollutants in 
different industries have become the basic data. Data 
collection covers emissions of 12  kinds of pollutants 
(details in the next section), and abatement costs of ten 
industries, depending on publication data from China 
Statistical Yearbook on Environment issues 2012 to 2016, 
and the First National Pollution Source Investigation 
(NPSI; 2011). Besides, the main pollutants and treatment 
processes of each industry in Table  2 are summarized 
according to literature and Industrial Wastewater Treat-
ment Technical Manual [32–34].

Theoretical framework
In order to establish a restriction rule on cross-indus-
try WET, we first assess whether it is rational to deter-
mine both supply and demand enterprises simply based 
on pollution abatement cost. That is to say, can we only 
consider the interests of enterprises to motivate them to 
participate without policy restrictions and interventions. 
Table  2 shows the abatement cost, pollutants composi-
tion, and treatment methods of wastewater from differ-
ent industries. By analyzing the supply and demand of 
WET, we explain a view that simply taking the minimiza-
tion of total pollution abatement costs as the criterion for 
emissions trading will definitely cause pollution increase, 
even especially the reduction of the pollution control 
enthusiasm of enterprises for high abatement costs.

It can be seen from Table  2 that abatement costs of 
organic wastewater, inorganic wastewater and mixed 
wastewater are totally different. The composition and 
treatment methods of different types of industrial waste-
water are various. In terms of environment quality of 
the receiving water, the nature of the wastewater from 



Page 4 of 13Chen et al. Environ Sci Eur           (2020) 32:64 

Ta
bl

e 
1 

D
et

er
m

in
at

io
n 

of
 1

0 
re

se
ar

ch
 o

bj
ec

ts
 in

du
st

ri
es

Ba
si

s 
an

d 
da

ta
 

so
ur

ce
s

In
du

st
ri

es

W
at

er
 p

ol
lu

tio
n 

ke
y 

in
du

st
rie

s
N

itr
og

en
 

fe
rt

ili
ze

r
Pe

st
ic

id
e

C
he

m
ic

al
s 

m
at

er
ia

ls
Co

ok
in

g
Pa

pe
r

Te
xt

ile
Fo

od
M

et
al

El
ec

tr
op

la
tin

g
Le

at
he

r

M
aj

or
 p

ar
tic

ip
a-

tio
n 

in
du

st
rie

s
Ra

w
 C

he
m

ic
al

 M
at

er
ia

ls
 a

nd
 C

he
m

ic
al

 
Pr

od
uc

ts
Pe

tr
ol

eu
m

, 
Co

ki
ng

, 
N

uc
le

ar
 

Fu
el

Pa
pe

r
Te

xt
ile

Fo
od

M
et

al
G

en
er

al
 

Pu
rp

os
e 

M
ac

hi
ne

ry

Tr
an

sp
or

t 
Eq

ui
pm

en
t

El
ec

tr
ic

al
 

M
ac

hi
ne

ry
 

an
d 

Eq
ui

p-
m

en
t

Ph
ar

m
ac

eu
tic

al

Re
se

ar
ch

 
ob

je
ct

s
Ra

w
 C

he
m

ic
al

 M
at

er
ia

ls
 a

nd
 C

he
m

ic
al

 
Pr

od
uc

ts
 (C

P)
Pe

tr
ol

eu
m

, 
Co

ki
ng

, 
N

uc
le

ar
 

Fu
el

 (P
C

N
)

Pa
pe

r (
PP

)
Te

xt
ile

 (T
)

Fo
od

 (F
P)

M
et

al
 (M

P)
G

en
er

al
 P

ur
-

po
se

 M
ac

hi
n-

er
y 

(G
PM

)

Tr
an

sp
or

t 
Eq

ui
pm

en
t 

(T
E)

El
ec

tr
ic

al
 

M
ac

hi
ne

ry
 

an
d 

Eq
ui

p-
m

en
t (

EE
)

Ph
ar

m
ac

eu
tic

al
 

(P
I)



Page 5 of 13Chen et al. Environ Sci Eur           (2020) 32:64  

the supply side and the demand side should not differ a 
lot. WET should be better not developed between any 
two enterprises or industries which are quite different 
in wastewater composition, and then treatment process, 
technical difficulty and abatement costs. Assume that 
company A in the food industry sold 1 ton COD of emis-
sion rights to B in the pharmaceutical industry. Under 
this circumstance, for the entire water environment, the 
1 t wastewater from the food industry was not discharged 
into the water body, and was replaced by 1  t pharma-
ceutical wastewater. The composition and degradability 
of COD in the food industry is not consistent with that 
of the pharmaceutical industry. What’s more, the same 
amount of wastewater in the pharmaceutical industry 
contains more toxic substances, such as heavy metals. 
Arbitrary trading will increase the burden on the water 
environment. Based on the above theoretical analysis, the 
“similarity principle” is proposed.

The theoretical assumption is that the more similar 
any two industrial wastewater characteristic is, the less 
the additional pollution is, thus the more tradable these 
two industrial wastewater is. To compare the similar-
ity between each two of various industrial wastewater, 

evaluation indicators are of vital importance [35, 36]. This 
article judges the similarity of the components of waste-
water in different industries to determine whether the 
industries to which the two parties belong are suitable to 
participate in WET. The calculation of the similarity of 
the wastewater composition is carried out by simplify-
ing a certain type of wastewater into a vector with several 
specific indicators. Generally, conventional monitoring 

Table 2 Wastewater characteristic and treatment process and abatement cost of the ten industries as research objects

Industry Average 
abatement 
cost y/t

Contaminant characteristics Treatment Others

SS Organic matter Toxicity

FP 2.06 High, food residue High, easily degra-
dable

Low Biological –

T 2.28 Cotton, wool and fiber High, 10–80% degra-
dable

Surfactant and dye Physicochemical, 
biological, advanced 
oxidation

High temperature and 
chroma

PP 1.93 Mud and fiber High, 10–50% degra-
dable

Resin acid, unsatu-
rated fatty acid

Physicochemical, 
biological, advanced 
oxidation

–

PCN 5.6 Silt and clay High, hardly bio-
degradable, high 
petroleum

Heavy metals Physicochemical, 
biological, chemi-
cal flocculation, 
advanced oxidation

High temperature and 
strong acidity or 
basicity

CP 3.64 – High, hardly biode-
gradable

High, heavy metals, 
cyanide, phenol

Physicochemical, 
biological, electro-
chemical

High temperature

PI 4.07 High, microbial thallus, 
gruff

High, hardly biode-
gradable

Antibiotics Physicochemical, bio-
logical, flocculation

–

MP 6.85 High, inorganic Low Heavy metal Physicochemical, floc-
culation, sedimenta-
tion

–

GPM 6.2 – High, hardly biode-
gradable

Heavy metal, cyanide physical, chemical, 
advanced oxidation

–

TE 4.27 – High, hardly biode-
gradable, engine oil

Heavy metal Flocculation and 
sedimentation, 
advanced oxidation

–

EE 4.37 – High, hardly biode-
gradable

Heavy metal, cyanide Flocculation and 
sedimentation, 
advanced oxidation

–

Industrial Wastewater Emission Tradability Evaluation 

Similarity of Wastewater Composition

Nontoxic Indicators Toxic Indicators

COD,NH3-N,Petro Heavy Metal:
Cr,As,Pb,Cd,Hg

Organic:
Volatile Phenol,CN-

Fig. 1 Determination of conventional monitoring pollutant as 
evaluation indicators
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indicators in industrial wastewater are classified into the 
categories shown in Fig.  1. A selection of 12 indicators 
are based on representative and data availability. These 
12 indicators cover general organics, toxic organics and 
heavy metals. The indicators we selected are the pollut-
ant indicators used in environmental investigation and 
statistics to guarantee the correct source of the calculated 
data. For the absence of data of BOD, in order to distin-
guish the biodegradability of different COD,  CODeasy, 
 CODable,  CODdifficult, respectively, represent easily, ably, 
difficultly degradable parts of COD. Usually, wastewa-
ter with biodegradability exceeding 45% is determined 
as easily degradable wastewater; if below 20%, then dif-
ficultly degradable wastewater; others able to degradable. 
Referring to Industrial Wastewater Treatment Technical 
Manual [32–34], we define the wastewater COD in the 
targeted industries. In order to simplify the calculation, 
taking food industry as an example, if COD of the waste-
water is determined as easily degradable, then the value 
of  CODeasy,  CODable,  CODdifficult are, respectively, equal 
to value of COD, 0, 0. In the analysis section, calculation 
and evaluation of similarity will be developed based on 
the emission data from each industry of these 12 indica-
tors:  CODeasy,  CODable,  CODdifficult,  NH3-N, Petro, Vola-
tile Phenol (VP), Cyanide (CN-), Cr, As, Pb, Cd, Hg.

Method and analysis
Similarity evaluation of industrial wastewater
First we make an assumption on original data processing. 
Wastewater from the different enterprises belonging to 
the same industry type involved in WET are not exactly 
the same. Therefore, to simplify the analysis to compare 
wastewater similarities across industries, an industrial 
average emission value was set up to represent wastewa-
ter emissions in one industry type, based on data from 
the NPSI (2011). Thus, the total 39 wastewater character-
ized by 12 typical pollutants represent the 39 industrial 
wastewater nature, as the basic analysis data in the fol-
lowing discussion. (We calculated the data of 39 indus-
tries in Industrial Classification for National Economic 
Activities (ICNEA), but when analyzing, we only targeted 
at 10 typical industries selected.)

The concentration of pollutants i ( i ∈ (1, . . . , 12) ) in 
industry j ( j ∈ (1, . . . , 39) ) is Pij (mg/L), from which 
matrix (P)12×39 could be derived. ( 12× 39 ) represents 
the matrix dimension, with the rows representing the 
types of pollutant and the columns the types of indus-
try. A problem is that due to the large difference in the 
concentration of various pollutants in wastewater (for 
example, the concentration of COD in almost all indus-
tries will be much greater than the concentration of 

chromium), different effects in the composition simi-
larity evaluation will be caused. Therefore, in order to 
eliminate magnitude differences of various pollutants, 
we normalize the pollutants i ( i ∈ (1, . . . , 12) ) in waste-
water from 39 industries, Eq. (1) as follows:

where Pu,ij represents the concentration of pollutants 
after normalization, Pu,ij ∈ [0, 1] , Pu,ij is dimensionless; Pi 
represents the row i of the matrix (P)12×39.

The normalized concentration value is used to calcu-
late the similarity of wastewater composition between 
any two industries. There are many methods for ana-
lyzing the similarity of two sets of data in mathemat-
ics, such as Pearson correlation coefficient, Euclidean 
distance, cosine similarity, Jensen–Shannon divergence, 
and so on. Among the above, the cosine similarity is 
specifically used to analyze the similarity of composi-
tions, and the calculation method is simple. Thus this 
article uses the Cosine Similarity [37] method to ana-
lyze the similarity of pollutant compositions in waste-
water from various industries. We assume that the 
similarity between industry m and industry n is Smn , 
and its calculation is shown below as Eq. (2):

where m, n ∈ (1, . . . , 39) , Smn ∈ [0, 1] , and the closer Smn 
is to 1, the higher the similarity; and the closer it is to 0, 
the lower the similarity.

Entropy‑weighting method
In the above similarity analysis, the weights of 12 indi-
cators are the same. However, wastewater characteris-
tic should not be evaluated only by the concentration 
of each pollutant, but the respective weighting value 
of 11 pollutants. As mentioned earlier, non-toxic pol-
lutants (e.g., COD,  NH3-N) are the main composition 
of wastewater. The concentration of non-toxic pollut-
ants directly determines the nature of the wastewater 
such as whether the wastewater is organic or inorganic 
wastewater. Meanwhile, the content of toxic pollutants 
is relatively low, but it directly determines the toxic-
ity of wastewater. Therefore, in this article, in order to 
distinguish the role of various pollutant compositions 
in the similarity evaluation of wastewater, different 
weights are given to 12 pollutants. For example, the 

(1)Pu,ij =
Pij −min(Pi)

(max(Pi)−min(Pi))
,

(2)Smn =

12
∑

i=1

(

Pu,imPu,in
)

√

12
∑

i=1

P2
u,im

√

12
∑

i=1

P2
u,in

,
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weight of the pollutant i is ωi , Eq.  (2) can be further 
deduced as Eq. (3):

where Sω,mn is the similarity considering the weight of 
various pollutants.

Then, we can get the similarity coefficient matrix 
(Sω)39×39 between all industries considering the weight 
of each pollutant, where 39× 39 represents the matrix 
dimension, and it is a symmetric matrix.

The point now is how to determine the weights of 12 
pollutants. As discussed earlier, in terms of the nature of 
industrial wastewater, with the principle of no pollutants 
addition, industries with organic wastewater and with 
inorganic wastewater are not suggested to participate 
in as supply and demand sides in WET. Similarly, toxic 
wastewater and non-toxic wastewater are not considered 
to be tradeable. The total weights of the two categories of 
indicators, toxic and non-toxic, is determined the same. 
This is also the difference between similarity evaluation 
and water quality evaluation. Water quality evaluation 
focuses on toxicity equivalents, while similarity evalu-
ation pays more attention to the differences between 
the 12-dimensional vectors. At the toxicity levels, equal 
weight is given to both types of indicators. As to weight 
of the respective compositions in the non-toxic and the 
toxic part, we use the entropy weight method to allocate 
[38–40].

The entropy-weighting method is used to evaluate 
the effect of indicators on the evaluation from aspect 
of disorder degree; the greater the discrepancy of the 
value among the evaluation on the same indicators is, 
the greater the impact of the indicator on the overall 
evaluation. Comparing with traditional methods such 
as Analytic Hierarchy Process, the entropy-weighting 
is relatively objective in weight determination since the 
weighting only determined by the data dispersion itself. 
The entropy weight method can effectively amplify 
the difference in composition similarity evaluation by 

(3)Sω,mn =

12
∑

i=1

(

ω2
i Pu,imPu,in

)

√

12
∑

i=1

ω2
i P

2
u,im

√

12
∑

i=1

ω2
i P

2
u,in

,

increasing the weight. For example, if the concentra-
tion of the pollutant i is relatively close in 39 industries, 
then it proves that the pollutant has a smaller role in the 
composition similarity evaluation, so a smaller weight 
is assigned for the pollutant i, and vice versa. The cal-
culation steps of the entropy weight method are shown 
below:

1. Calculating the entropy of 12 pollutants, the formula 
is as follows:

 

where i ∈ (1, . . . , 12) , j ∈ (1, . . . , 39).

2. Calculating the entropy-weighting of 12 pollutants, 
the formula is as follows:

 

According to the above method, entropy weights of 12 
pollutants are shown in Table 3.

Fuzzy‑logic classification of industrial wastewater 
tradability
The fuzzy-logic evaluation method [41, 42] was used to 
classify tradable levels of emissions based on the similar-
ity coefficient obtained using Eq.  (3) where the matrix 
(Se)n×n is a Symmetric Matrix. Therefore, as to the simi-
larity classification, only the lower triangular part of the 
matrix (the diagonal and its lower parts) needs to be con-
sidered. By arranging elements in the (Se)n×n matrix into 
a vector Ve from small to large, and obtaining the quar-
tiles of the vector ( Q1 , Q2 , and Q3 ), the tradable level of 
pollutants can be divided into five levels, I–V(where V is 
the most suitable trading level and I the most Lmn unsuit-
able). The triangular membership function (Fig.  2) is 
selected to calculate membership of each level.

(4)Ei = −

1

ln 39

39
∑

j=1

Pu,ij lnPu,ij ,

(5)
ωi =

1− Ei

m−

m
∑

i=1

Ei

.

Table 3 Entropy weighting of 12 indicators in similarity evaluation

Indicator CODe CODa CODd Petro NH3-N VP

ωi 0.187 0.13 0.043 0.073 0.067 0.075

Indicator CN- Cr As Pb Cd Hg

ωi 0.071 0.08 0.072 0.064 0.091 0.047
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The five membership values of the element Sω,mn 
in matrix (Sω)39×39 are MI

mn , MII
mn , MIII

mn , MIV
mn , 

MV
mn . Tradability levels of industries m and n are 

determined by the maximum of these five values 
( max

(

MI
mn,M

II
mn,M

III
mn,M

IV
mn,M

V
mn

)

).
The flowchart of the whole algorithm is shown in Fig. 3.

Results and discussion
The similarity evaluation finally gives a tradable level 
classification matrix as shown in Fig.  4. This is a sym-
metric matrix. We only consider the tradable level of 
industrial wastewater with each other, but do not spec-
ify which is supply. In order to explain the results of the 
matrix in detail, we selected the 6 groups that are most 
suitable for trading (level V and IV) as shown in Table 4. 

As can be seen from the results, the 3 pairs of indus-
tries that are most suitable for trading are, respectively, 
Textile and Paper Production, Manufacture of General 
Purpose Machinery and Manufacture of Transport, and 
then Chemistry Production and Pharmaceuticals. The 
similarity of the 3 pairs of industrial categories on the 
right side of the table is relatively low, and the wastewater 
of these industries is partially tradable. Consistent with 
the previous analysis section, the nature and treatment 
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Fig. 2 Membership function of different tradable levels
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Fig. 3 Flowchart of the whole algorithm
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II II II II II II III V V IV
II III III II II II III V V IV
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Fig. 4 Tradable level matrix of ten typical industries (L)10×10

Table 4 V and IV tradable level industrial matching

Industries Lmn Sω,mn Industries Lmn Sω,mn

T-PP V 0.993 TE-EE IV 0.515

GPM-TE V 0.986 PCN-CP IV 0.4791

CP-PI IV 0.7748 GPM-EE IV 0.4775
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of each pair of these two industrial wastewaters are simi-
lar. In other words, industrial wastewater that are per-
mitted to trade with each other can be classified into 
categories: non-degradable organic wastewater (e.g., 
Textile and Paper Production), wastewater with chemi-
cals (e.g., Chemistry Production and Pharmaceuticals), 
and machinery manufacturing wastewater (e.g., Manu-
facture of General Purpose Machinery and Manufacture 
of Transport). Industries outside this category are not 
allowed to trade. For example, within the ten industries in 
this paper, the wastewater from food products is of high 
biodegradability without toxic matter, thus could not be 
traded with others. It should be noted that in practice, 
before each transaction is approved, it should be strictly 
reviewed by the government management department.

To determine whether tradable levels classification is 
reasonable and effective mathematically, we defined the 
average of the pollutant difference values δ of both sup-
ply and demand parties, from 12 indicators, respectively, 
belonging to a certain transaction level (e.g., Class V), as 
described by Eq. (6):

where i represents a pollutant, V is the tradable level, 
(m, n) ∈ V indicates that WET between industries m and 
n is of level V, and n1 represents the number of level V in 
the classification matrix.

Average difference values for pollutants of different lev-
els are shown in Table 5. As the tradable level increases, 
the difference value decreases, indicating that the clas-
sification of tradable levels is in line with the hypothesis 
of similarity: the higher the tradable level, the closer the 
composition of contaminants, and the smaller the addi-
tional water pollution.

Case study
So far, 28 pilot provinces or cities in China successively 
carried out ET program. As of August 2018, the accu-
mulated charges for the use of pollution rights in the 

(6)δVi =

∑

(m,n)∈V

∣

∣Pu,im − Pu,in
∣

∣

n1
,

primary market amounted to 11.77 billion yuan, among 
which the amount in the secondary market was 7.23 bil-
lion yuan [43]. Zhejiang is far ahead with a total transac-
tion value of more than 6 billion yuan, followed by Shanxi 
and Fujian with over 1 billion transaction value. How-
ever, the effectiveness and rationality of the WET carried 
out remains to be tested. Reviews of WET programs in 
recent years will give positive feedback for improvement.

Based on the trading rules that have been derived from 
the above, we analyze the pilot WET programs that have 
been carried out in China, with assessment and sugges-
tions for improvement provided. Because of the lack of 
open data in Zhejiang, Jiangsu and other provinces and 
cities in the Yangtze River Delta, we selected Fujian in the 
eastern coastal regions and Shanxi province in the central 
region as the analysis objects. Economic levels, industrial 
structures, and levels of pollutant emissions vary, caus-
ing pilot work in these areas representative. We hope that 
it can share experiences for the future development of 
WET in the Yangtze River Delta. Transaction record data 
for analysis are originally from local WET Center.

The general WET development situations are con-
cluded in Fig.  5a, b. It can be seen that the proportion 
of trading between enterprises in Fujian Province is 
large, while Shanxi Province is quite the opposite, most 
of WET from government to enterprises. This is related 
to the establishment of supporting legal systems and the 
degree of economy marketization. Obviously, WET in 
Fujian Province is more in line with the original inten-
tion of the environmental economic system, with more 
initiative given to market from government. In order to 
better reflect the transaction situation, the concepts of 
transaction volume (V) and participation rate (P) of each 
industry are proposed. The transaction volume refers to 
the ratio of the transaction volume between certain two 
industries to the total transaction volume; and the par-
ticipation rate refers to the ratio of the number of trans-
actions between the two industries to the total number of 
transactions. Under the premise of this definition, if the 
participation is high and the transaction volume is low, it 
means that small and medium-sized enterprises are more 
involved; if the participation is low and the transaction 

Table 5 Average difference values from pollutants transaction at different trading levels

Unit
×10−2

CODe CODa CODd Petro NH3-N VP CN- Cr As Pb Cd Hg

δI
i

56.8 11.6 10.2 13.3 10.8 12.3 20.1 20.1 6.46 5.22 1.07 19.7

δII
i

25.1 14.5 19.3 13.9 16.2 8.46 8.67 10.1 11.1 10.6 7.62 16.4

δIII
i

0 3.53 18.3 18.8 26.7 19.1 10.8 17.8 9.81 9.94 7.4 18.3

δIV
i

0 1.99 13.3 11.6 7.92 3.43 2.01 1.59 6.02 7.05 3.83 11.2

δV
i

0 0.43 13.5 6.96 3.72 0.99 0.7 0.43 1 1.37 0.46 2.06
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volume is large, it means that large enterprises are more 
involved.

Figure 6 shows the statistics of COD and  NH3-N trans-
actions between the 10 industries in Fujian Province, 
Fig. 7 in Shanxi. In Figs. 6 and 7, the first row in each unit 
represents the tradable level, the second row represents 
the participation rate, and the third row represents the 
trading volume. Tables 6 and 7 summarize the participa-
tion and trading volume of Fujian and Shanxi Province’s 
COD and  NH3-N trading belonging to each tradable 
level.   

From Figs.  6, 7 and Tables  6, 7, it can be known that 
the proportion of transactions volume subordinated 
to level IV and level V is relatively small, which means 
that the two parties involved in the trading are actually 

not very close in terms of wastewater pollutant compo-
sition. When there is a large difference in the composi-
tion of pollutants, it will cause an increase in emissions of 
other non-in-trade pollutants during the WET process, 
which is unfavorable to environmental protection. The 
cause of this problem is, first of all, the imperfection of 
the WET system. Rules and regulations do not necessar-
ily precede the practice, but must be constantly improved 
[44]. Policies can neither completely hand over a system 
to the market economy, nor rely solely on the govern-
ment to force it. Existing WETs to a large extent develop 
randomly. This is why we are trying to find suitable rules 
and restrictions in this paper. The rule design in the arti-
cle only provides a policy orientation, the real WET still 

Government to enterprises COD transaction volume/t
Enterprise to enterprise transaction volume/t

Government to enterprises NH3-N transaction volume/t
Enterprise to enterprise transaction volume/t

Government to enterprises COD transaction volume/t
Enterprise to enterprise transaction volume/t

Government to enterprises NH3-N transaction volume/t
Enterprise to enterprise transaction volume/t

a

b

Fig. 5 Proportion of trading between enterprises in Fujian (a) and Shanxi (b) provinces
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requires government regulation and enterprises emission 
reduction cooperation actively.

Despite the disorder of pilot WET program, promo-
tion on active emission reduction and clean manu-
facturing of policy is obvious. Some heavy pollution 
industries no longer passively respond to environmen-
tal protection pressure. Among the supply side in Fujian 
Province, there are two noticeable enterprises—Qing-
shan Paper Industry Co., Ltd and Sangang Steel Indus-
try Co., Ltd, that supply almost all the COD and  NH3-N 
emission right. Investigation of environment disclosure 
information and corporate annual report reveal that 
these two national key monitoring enterprises not only 
strictly discharge wastewater below industrial standard, 
but proactively improve production process and adopt 
cleaner production technology according to clean man-
ufacturing index. For example, the total permit of COD 
in Qingshan is 1745.5 t, and it has been declining from 
1555.48 t in the year 2015 to 503.81 t in 2019. Surplus 
emission quota is thus generated. It is the decision of 
enterprise to reduce emissions driven by economic 
benefits. Although our article discusses the missing 

part of this policy, the positive role of this policy is also 
worth studying. Taking advantage of economic incen-
tive to stimulate transformation of high emission and 
heavy pollution industries to update technology and 
reduce emission, original intention of the environmen-
tal economic policy thus could be realized.
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Fig. 6 COD and NH3-N trading data in Fujian
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Fig. 7 COD and NH3-N trading data in Shanxi

Table 6 Participation and  transaction volume of  Fujian 
Province’s WET

I II III IV V

COD  P 0% 74.7% 13.6% 0% 11.7%

 V 0% 70% 10.3% 0% 19.7%

NH3-N  P 0% 79.8% 11.5% 0.7% 8%

 V 0% 84.5% 10.6% 0.1% 4.8%
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Conclusion
Detailed rules are needed to implement the WET policy. 
This article designs rules and restrictions for WET across 
different industries and meanwhile discusses in detail the 
differences in wastewater nature and abatement costs of 
the ten industries. Then, a similarity principle is proposed 
to analyze the similarity of wastewater compositions in 
different industries through algorithms. The result shows 
that of all industrial wastewater, the most suitable for 
trading can be divided into three groups: non-degradable 
biochemical wastewater, mechanical wastewater, and 
chemical and pharmaceutical wastewater. Other types 
of industrial wastewater are not suitable for trading with 
each other due to their different properties. The theoreti-
cal framework and calculation methods are optimized, 
yet the shortcoming is that the industrial wastewater dis-
charge data in the article are based on limited statistical 
data. If a large amount of corporate environmental moni-
toring data are available, the accuracy of the results will 
be improved. Analysis of the pilot WET situation demon-
strates that existing WETs to a large extent are randomly 
inconsistent with the rules. However, there are also 
enterprises that actively carry out technological innova-
tion and achieve emission reductions under economic 
incentive. The rule design in the article only provides a 
policy orientation; the real water pollution trading still 
requires government regulation and enterprises emission 
reduction cooperation actively.
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