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Abstract. This article proposes a water efficiency index system and water effi-
ciency standard levels for admission and evaluation management of industrial
enterprises in industrial parks, as the existing unit product water quota index is
difficult to apply to the water efficiency management needs of industrial industries
in industrial parks. A method for determining water efficiency standard levels is
also proposed and applied to the determination of water efficiency standard levels
in the industrial industry in the Zhejiang Toumen Port Economic Development
Zone in Linhai City, assisting in improving water efficiency in industrial parks.

Keywords: industrial parks · water efficiency standards · water efficiency
index · water using of unit output value

1 Introduction

Water resources, as an important basic resource for economic and social development
and a controlling factor for ecological environment, determine the development space
of the economy and society. Industrial parks are the main water units for the economic
and social development. It is of great significance to implement the rigid constraint sys-
tem of water resources and promote the intensive and economical utilization of water
resources [1, 2]. The management of specific water-using enterprises mainly focuses
on controlling their water use efficiency, which mainly includes admission management
for new water-using households, plan management for existing water-using households,
and progressive price management for exceeding quotas and plans. However, the cur-
rent basis for controlling the water use efficiency of industrial enterprises is the unit
product water quota [3–5]. The quota management system that uses product water quo-
tas as water efficiency indicators has some problems, such as the inability to cover all
industrial products, the difficulty of measuring the water loss in enterprise water supply
and distribution processes, and the difficulty of measuring water efficiency for industrial
enterprises with multiple products [6–8]. Therefore, it is difficult to meet the needs of the
changing industrial development in current industrial parks, and it is urgent to develop
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a comprehensive and widely applicable water efficiency index system. Therefore, it is
of great significance to conduct research on water efficiency standards for industrial
industries in industrial parks to strengthen water management in the park and promote
the improvement of water use efficiency.

2 Overview of the Research Area

Zhejiang Toumen Port Economic Development Zone is located in Taizhou City, Zhe-
jiang Province. It is a national-level economic and technological development zone with
a total area of 72.95 square kilometers. The development zone has formed three leading
industries, including advanced manufacturing industries such as automobile manufac-
turing, pharmaceuticals and health, and newmaterials. There are many enterprises in the
development zone, with a total of 203 settled enterprises, including 97 large-scale enter-
prises and 106 small and medium-sized enterprises. These enterprises mainly involve
pharmaceuticals, chemical industry, trade and industry, synthetic leather, automotive
parts, electroplating, steel rolling and processing, daily plastic products manufacturing,
and other industries.

Currently, the main water supply for the park is provided jointly by XihuWater Plant
and Weimin Water Plant. The water source is mainly from the Niu Tou Shan Reservoir
and Tongliao Reservoir. Some industrial enterprises directly extract water from the river
network. According to the survey, the current water consumption in the park is 45.57
million cubic meters, mainly for industrial use.

3 Water Efficiency Index Design

Water efficiency index is an important index to measure the water use efficiency of
enterprises, which can reflect the water use efficiency of enterprises, water management
level, water saving status of main water equipment, etc. Specific indicators that can
be used include unit product water consumption, unit value-added water consumption,
water reuse rate, water leakage rate, and water meter equipment availability [9, 10]. The
advantages and disadvantages of each water efficiency index are analyzed in Table 1.

Water efficiency indicators for industrial parks are important technical indicators
for implementing the red line of total water consumption and intensity control and
strengthening water quota management [11, 12]. According to the stages of serving
water use efficiency control for industrial enterprises in the industrial park, there are
two specific uses. The first is to be used in the admission management of new industrial
enterprise projects to assess whether the new enterprise meets the water use efficiency
requirements for entering the industrial park. The second is to be used in evaluating the
water-saving level of existing industrial enterprises in the park to assess whether the
existing enterprises meet the water use efficiency requirements of the industrial park.

Although indicators such as water reuse rate, water leakage rate, and water meter
equipment availability can reflect water use and water-saving levels intuitively and
clearly, they have problems such as complex data acquisition and weak correlation with
products. Unit product water consumption can better reflect the water use efficiency of a
single product, but it has the problem of insufficient representativeness. Unit value-added
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Table 1. Water Efficiency Index Characteristic Comparison Table.

Indicator Name Advantages Disadvantages

Unit product water
consumption

Strong targeting, some
product quota standards
already exist

Product categories are too
complex and are greatly affected
by market changes

unit value-added water
consumption

The indicator has strong
comprehensive applicability,
and the water value is
relatively intuitive

There are significant differences
among industries, and it is greatly
affected by price fluctuations

water reuse rate The water-saving level of
production equipment and
processes is reflected
intuitively and clearly

Data acquisition is difficult, and
the correlation with product
indicators is weak

water leakage rate The water-saving
management level is reflected
intuitively and clearly

Data acquisition is difficult, and
the correlation with product
indicators is weak

water meter equipment
availability

Reflects the level of water
metering

Difficult to directly reflect the
level of water-saving

water consumption can reflect the water use efficiency of certain types of enterprises,
but there is a problem of reasonable classification of industry categories. Based on this,
the study proposes a water efficiency index system that combines unit product water
consumption and unit value-added water consumption. For enterprises whose product
water consumption indicators are already covered by relevant national, provincial, and
municipal water quota standards, the unit product water consumption index should be
prioritized. For enterprises whose product water consumption indicators are not clearly
defined, the unit value-added water consumption index should be used.

4 Division and Determination Method of Water Efficiency
Standard Levels

4.1 Division of Water Efficiency Standard Levels

According to the differences in water efficiency indicators serving different production
stages and different water efficiency requirements, water efficiency standards are divided
into two levels, and the specific division criteria are as follows:

Level I: Represents the water efficiency standard with advanced water use level. In
terms of water efficiency indicators, the unit product water consumption should reach
the advanced level, or the unit incremental water consumption should be at a level within
30% ahead of the water use level of existing enterprises in the park.

Level II: Represents the water efficiency standard with general water use level. In
terms of water efficiency indicators, the unit product water consumption should reach
the general level, or the unit incremental water consumption should be at the average
level of the water use level of existing enterprises in the park.
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4.2 Principles for Determining Water Efficiency Levels

Based on the development of industrial industries in industrial parks, the total water
consumption and intensity control requirements, and combined with the investigation
of water use efficiency of existing enterprises, the following principles for determining
water efficiency levels are proposed:

(1) Principle of Advancement: Under the constraint of water consumption intensity
indicators in industrial parks, the division of water efficiency levels should promote
enterprises to strengthen water conservation and improve water use efficiency.

(2) Principle ofDifferentiation:Water efficiency indicators for different levels and indus-
tries should have certain differences, and the higher the level in the same industry,
the more advanced the water efficiency standards should be.

(3) Principle of Applicability: The proposed water efficiency standards and indicators
should be applicable to the characteristics of the industrial structure in the industrial
park and guide related enterprises in the park to save water.

4.3 Methods for Determining Water Efficiency Levels

According to the water efficiency level standards and designed water efficiency indica-
tors, different methods are proposed to determine different water efficiency indicators
in different levels.

(1) Method for determining Level I water efficiency standards:
Unit product water consumption indicator: Based on the national, Zhejiang

province, and Taizhou city’s established industry product water consumption quota
standards for different industries, the advanced value of the water quota index clearly
stated in this standard is taken as the Level I water efficiency standard.

Unit incremental water consumption indicator: With reference to the industrial
classification specified in the “National Economic Industry Classification,” for dif-
ferent types of industries in the classified industries, based on the unit incremental
water consumption of representative enterprises in the investigation area, the more
advanced value is taken as the Level I water efficiency standard.

I1 =

N∑

i=1
Ii

N
(1)

where I1 is the Level I water efficiency standard for a certain industry; Ii is the unit
incremental water consumption of a typical enterprise i in a certain industry; N is
the number of enterprises whose unit incremental water consumption is within the
smallest 30% among typical enterprises.

(2) Method for determining Level II water efficiency standards:
Unit product water consumption indicator: Based on the national, Zhejiang

province, and Taizhou city’s established industry product water consumption quota
standards for different industries, the general value of the water quota index clearly
stated in this standard is taken as the Level II water efficiency standard.
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Unit incremental water consumption indicator: With reference to the industrial
classification specified in the “National Economic Industry Classification,” for dif-
ferent types of industries in the classified industries, based on the unit incremental
water consumption of representative enterprises in the investigation area, the more
advanced value is taken as the Level II water efficiency standard.

I2 =

M∑

i=1
Ii

M
(2)

where I2 is the Level II water efficiency standard for a certain industry; Ii is the unit
incremental water consumption of a typical enterprise i in a certain industry; M is
the number of enterprises whose unit incremental water consumption is within the
smallest 50% among typical enterprises.

5 Determining Water Efficiency Standards in the Study Area

5.1 Water Efficiency Analysis of Typical Industrial Enterprises

The study focused on surveying 81 relevant enterprises, selected from 8 industries,
including pharmaceutical manufacturing, chemical raw materials and chemical product
manufacturing, electroplating, automotive parts and bearing manufacturing, steel rolling
processing, synthetic leather, daily plastic product manufacturing, and trade. The unit
incremental water consumption of typical enterprises in the Toumen Port Economic
Development Zone of Zhejiang was investigated to determine the minimum, maximum,
and average unit incremental water consumption values for each of the 8 industries.
The survey results of water use efficiency for typical enterprises in the research area are
shown in Table 2.

5.2 Determination of Water Efficiency Standards in the Research Area

According to the determined leading industry, for the industry types clearly specified in
the standard, the water efficiency standard indicator of unit product water consumption
is selected. The Level I water efficiency standard is the advanced value of the water
quota determined in the “Zhejiang Province Water Quota (2019)” standard, and the
Level II water efficiency standard is the general value. For industries and products that
are not clearly specified in the standard, the water efficiency standard indicator of unit
incremental water consumption is selected, and the calculation results are shown in
Table 3.
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Table 2. Survey of Water Use Efficiency for Typical Enterprises in the Research Area.

Serial
number

Leading industry Number of
typical
enterprises
(units)

Unit Incremental Water Consumption
(m3/10,000 yuan)

Minimum ~ Maximum Average

1 Pharmaceutical
Manufacturing

29 0.31–10.45 4.39

2 Chemical Raw
Materials and
Chemical Product
Manufacturing

24 0.22–13.28 7.98

3 Electroplating 29 23.4–48.72 40.32

4 Automotive Parts and
Bearing
Manufacturing

14 0.99–3.36 2.19

5 Steel Rolling
Processing

5 0.92–5.49 3.30

6 Synthetic Leather 25 1.82–6.85 4.24

7 Daily Plastic Product
Manufacturing

5 1.04–2.22 1.68

8 Trade 15 0.87–6.86 4.81

Table 3. Results Table of Water Efficiency Level Standards in the Research Area (Unit
Incremental Water Consumption).

Serial number Industry type Level I water efficiency
standard

Level II water efficiency
standard

1 Pharmaceutical
Manufacturing

0.47 4.39

2 Chemical Raw Materials
and Chemical Product
Manufacturing

0.26 7.98

3 Electroplating 26.4 40.32

4 Automotive Parts and
Bearing Manufacturing

0.18 2.19

5 Steel Rolling Processing 1.1 3.3

6 Synthetic Leather 2.07 4.24

7 Daily Plastic Product
Manufacturing

1.15 1.68

8 Trade 1.22 4.81
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6 Conclusion

Research has proposed to construct a water efficiency index system that combines the
unit water consumption for product production with the unit water consumption for
value-added production. The water efficiency standards are then divided into two levels,
representing advanced and general water consumption levels, respectively. Furthermeth-
ods for determining water efficiency standards for different levels are proposed. Based
on this, water efficiency standards for eight industries, including pharmaceutical manu-
facturing, chemical raw materials and chemical product manufacturing, electroplating,
automotive parts, and bearingmanufacturing in Zhejiang ToumenHarbor Industrial Park
have been determined, which has important guiding significance for guiding the park to
strengthen industrial water management. It is suggested to further study and establish a
dynamic adjustment method for water efficiency standard levels to adapt to changes in
the water consumption levels of park enterprises.
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