ChinaRxiv [$X]

AT translation - View original & related papers at
chinarxiv.org/items/chinaxiv-201805.00128

Postprint: Industrial Eco-efficiency in Beijing
Based on Input-Output Tables

Authors: Wang Xue, Shi Xiaoqing
Date: 2018-05-10T'00:00:00-+00:00

Abstract

Improving eco-efficiency is crucial for coordinating the relationship between eco-
nomic development and environmental protection. To understand the changing
trends of eco-efficiency across various industrial sectors during Beijing’ s indus-
trial transformation and identify the key sectors influencing Beijing’ s industrial
eco-efficiency, this study employs the indicator system method based on Bei-
jing’ s input-output tables. Water resource efficiency and the environmental
efficiency of wastewater, sulfur dioxide (SO2), and industrial solid waste were
selected as metrics for eco-efficiency. The study calculated the water resource
efficiency of each sector in Beijing for 2007, 2010, and 2012, as well as the
environmental efficiency of each sector for 2005, 2007, and 2010. It also com-
paratively analyzed the complete water use coeflicients and complete emission
coefficients of pollutants across sectors, computed the mutual contribution ratios
of complete emissions among sectors, and identified the key sectors for improv-
ing eco-efficiency. Research findings: (1) From 2007 to 2012, the water resource
efficiency of various sectors in Beijing, and from 2005 to 2010, the environmental
efficiency of wastewater, sulfur dioxide (SO2), and industrial solid waste exhib-
ited an overall fluctuating upward trend. (2) Agriculture, forestry, animal hus-
bandry, fishery, and waste scrap sectors are the key sectors for improving water
resource efficiency. (3) Water production and supply industry, chemical indus-
try, food manufacturing and tobacco processing industry, textile industry, and
paper printing, cultural, educational, and sports goods manufacturing indus-
try are the key sectors for improving wastewater environmental efficiency. (4)
Petroleum processing, coking, and nuclear fuel processing industry, non-metallic
mineral products industry, metal smelting and rolling processing industry, and
electricity and heat production and supply industry are the key sectors for im-
proving SO2 environmental efficiency. (5) Coal mining and washing industry,
metal ore mining and dressing industry, wood processing and furniture manu-
facturing industry, non-metallic mineral products industry, metal smelting and
rolling processing industry, electricity and heat production and supply industry,
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and water production and supply industry are the key sectors for improving
industrial solid waste environmental efficiency.

Full Text
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Abstract

Improving eco-efficiency is crucial for coordinating the relationship between
economic development and environmental protection. To understand the eco-
efficiency of various sectors during Beijing’ s industrial transformation and iden-
tify key sectors for improving industrial eco-efficiency, this study employed the
index system method based on Beijing’ s input-output tables. Water resource ef-
ficiency and the environmental efficiency of industrial solid waste were selected
as indicators to measure eco-efficiency. The study calculated water resource
efficiency for each sector in Beijing for 2007, 2010, and 2012, and environmen-
tal efficiency for each sector in 2005, 2007, and 2010. The complete water use
coefficients and pollutant total discharge coefficients were compared across sec-
tors, and the mutual contribution ratios of total emissions between sectors were
analyzed to identify key sectors for improving eco-efficiency.

The main conclusions are as follows: (1) Between 2007 and 2012, water resource
efficiency in Beijing showed an overall upward trend, while the environmen-
tal efficiency of wastewater, SO,, and industrial solid waste for each sector
increased between 2005 and 2010, though this increase was variable. (2) Agri-
culture, livestock, forestry, fishery, and waste material industries are key sectors
for improving water resource efficiency. (3) Water production and supply, the
chemical industry, food manufacturing and tobacco processing, textiles and pa-
per printing, and cultural and educational sporting goods manufacturing are key
sectors for improving wastewater environmental efficiency. (4) Petroleum pro-
cessing, coking and nuclear fuel processing, non-metallic mineral products, metal
smelting and rolling, and electricity and heat production and supply are key sec-
tors for improving SO, environmental efficiency. (5) Coal mining and washing,
metal mining, wood processing and furniture manufacturing, non-metallic min-
eral products, metal smelting and rolling, electricity and heat production and
supply, and water production and supply are key sectors for improving industrial
solid waste environmental efficiency.
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1. Introduction

Eco-efficiency is a commonly used method for quantitative analysis of sustain-
able development. The concept was first proposed by Schaltegger and Sturm
in 1990. The World Business Council for Sustainable Development (WBCSD)
defines eco-efficiency as creating competitive-priced products and services that
satisfy human needs and improve quality of life while reducing environmen-
tal impacts and resource intensity to levels compatible with Earth’ s carrying
capacity. The European Environment Agency defines it as “obtaining more
welfare from fewer resources.” Although definitions vary across organizations,
eco-efficiency can generally be understood as the ratio of economic value to en-
vironmental impact, representing the resource and energy utilization efficiency
and environmental pressure caused by enterprises, industries, or economies.

Eco-efficiency accounting methods can be summarized into three main cate-
gories: the model method, environmental single-ratio method, and index sys-
tem method. The model method integrates eco-efficiency indicators into a single
value by assigning weights. The environmental single-ratio method provides a
simple ratio between economic and environmental dimension indicators. Both
methods ultimately aggregate all environmental impacts into a specific value,
making it impossible to distinguish different environmental impacts. The in-
dex system method, composed of independent yet interconnected eco-efficiency
indicators, can clearly represent different environmental impacts. Different in-
dustrial sectors have distinct characteristics and environmental impacts. To
identify key sectors for improving resource efficiency or pollutant environmental
efficiency, this study adopts the index system method to calculate eco-efficiency
indicators.

Foreign research on eco-efficiency has primarily focused on enterprises and prod-
uct systems, with fewer studies at the industry scale. Dahlsrém and Ekins ar-
gue that both the ratio of economic output to pollution output and the ratio of
output to input can serve as eco-efficiency indicators. Ingramo analyzed the eco-
efficiency of the sugar industry by selecting water resource efficiency and wastew-
ater environmental efficiency as indicators. Domestic research on eco-efficiency
emphasizes the industry scale. Mao Jiansu et al. defined the eco-efficiency of 38
Chinese industrial sectors using energy consumption and wastewater, waste gas,
and dust indicators. Dai Tiejun et al. used energy efficiency, resource efficiency,
and environmental efficiency as indicators for steel enterprise eco-efficiency and
conducted empirical analysis. Wang Feier et al. defined eco-efficiency as (re-
source efficiency? + environmental efficiency?) and calculated the eco-efficiency
of the textile industry. Du Yanchun et al. selected energy consumption and pol-
lutant emissions as environmental loads to calculate the sectoral eco-efficiency
of Jiaozuo City.
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Most existing studies use the ratio of economic output to direct pollutant output
to measure eco-efficiency and identify sectors with low eco-efficiency. However,
during production processes, sectors not only generate direct resource use and
pollutant emissions but also indirect use and emissions. Total use or emission
coeflicients can more comprehensively measure resource use and pollutant emis-
sions. Liu Shulin analyzed China’ s industrial total carbon emissions based on
input-output tables, identifying sectors with hidden carbon emissions. Zhang
Wei calculated total water use coefficients for Chinese industrial sectors, find-
ing significant gaps between direct and total water use coefficients in many
sectors. Eco-efficiency indicators based on direct resource use and pollutant
direct emissions can identify sectors with obvious resource consumption and
pollutant emissions, while comparing direct and total emission coefficients can
identify sectors with hidden pollutant emissions. Only by combining both can
we comprehensively reflect the resource efficiency and pollutant environmental
efficiency of various industrial sectors and identify key sectors for improvement.

This study, based on Beijing’ s input-output tables, selects water resource ef-
ficiency and the environmental efficiency of wastewater, SO,, and solid waste
as eco-efficiency indicators. On the basis of comparing and analyzing the eco-
efficiency of various industrial sectors, we conduct comparative analysis of total
water use coefficients and total emission coefficients for wastewater and solid
waste, and further analyze the mutual contribution ratios of total use or emis-
sions between sectors to more comprehensively identify key sectors for envi-
ronmental management and control, providing scientific theoretical basis and
methods for improving resource and environmental efficiency in Beijing.

2. Eco-efficiency Indicator Selection

Industry-scale eco-efficiency analysis typically employs the index system method.
Indicators in the eco-efficiency index set mainly include resource consumption,
pollutant emissions, and land use to comprehensively reflect the development
level and coordination degree of economic, natural, and social subsystems. Bei-
jing is a city with relatively scarce water resources, and large amounts of wastew-
ater discharge have caused varying degrees of pollution to suburban rivers and
groundwater. Therefore, this study selects water resources and wastewater as
eco-efficiency indicators. Air pollution problems such as acid rain and haze
are prominent in Beijing. Considering data limitations, this study selects at-
mospheric pollutant SO, as an indicator. Industrial solid waste storage poses
hidden dangers of soil pollution and resource waste, so solid waste is also selected
as an indicator.

This study defines resource efficiency as the value created per unit of resource
used by the industrial system, and environmental efficiency as the value cre-
ated per unit of pollutant discharged. To examine the input-output efficiency
of resources and pollutants during industrial transformation, we calculate the
resource efficiency and environmental efficiency of each sector.
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3. Resource Efficiency and Environmental Efficiency Ac-
counting Methods

The calculation of resource efficiency and environmental efficiency is as follows:

o Resource efficiency:
T = v;/ Rij
where R;; is the direct use of resource j by sector i, r;; is the resource
efficiency of resource j in sector ¢, and v; is the added value of sector i in
the input-output table.

o Environmental efficiency:
e = v/ By,
where E;; is the direct emission of pollutant k by sector ¢, and e;; is the
environmental efficiency of pollutant & in sector i.

In the industrial ecological network, sectors have not only direct production
connections but also indirect connections. This means sectors generate not only
direct resource use and emissions but also indirect resource consumption and
pollutant emissions. Total use coefficients reflect both direct and indirect re-
source use, while total emission coefficients comprehensively reflect both direct
and indirect pollutant emissions. This study analyzes total resource use coeffi-
cients and total pollutant emission coeflicients to comprehensively identify the
resource and environmental efficiency of each industrial sector.

Taking total emission coefficients as an example, the formula is:
L=P(I—-A)"!

where L is the total emission coefficient matrix, P is the direct emission coeffi-
cient matrix, I is the identity matrix, and A is the direct consumption coefficient
matrix. The direct emission coefficient p, for sector 4 is calculated as:

p; =P/,

where P; is the direct pollutant emission of sector ¢, and z; is the total output

of sector 1.

Based on total emission coefficients, the total emission Ej,, of pollutant £ from
sector 4 (including indirect emissions) is calculated as:

Ej = P,(I—-A)"f,

where f; is the final use value of sector i. The calculation methods for total
resource use coefficients and total use amounts are the same.

In Beijing’ s input-output table, final use includes consumption, capital forma-
tion, and exports. This study further analyzes the mutual contribution ratios
of resource use and pollutant emissions between sectors. Taking water resources
as an example, let W, be the total water use of sector ¢, representing the total
direct and indirect water resources used per unit of product in sector 7, which
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results from the influence of all sectors in the network. The total water use w,;
in sector ¢ caused by the direct water use of sector j is:

where k; = (0,0, ..., P;,0,...,0), and P; is the direct water use coefficient of
sector j.

The contribution ratio s;; of sector 7’ s total water use caused by sector j° s
direct water use to sector ¢ s total water use is:

Sij = wzj/Wl

4. Data Sources

This study used Beijing’ s input-output tables for 2005, 2007, and 2010 to cal-
culate water resource efficiency and the environmental efficiency of industrial
wastewater and industrial solid waste for 2005, 2007, and 2010. Data were
obtained from the Beijing Municipal Bureau of Statistics website. Direct wa-
ter use data for agriculture came from the Beijing Water Resources Bulletin.
Water resources data for the water production and supply sector came from
environmental protection bureau surveys. Construction industry water use was
calculated based on annual completed floor area multiplied by water use quotas
per unit building area. Service industry water use data were obtained through
literature surveys.

Pollutant emission data by sector came from environmental protection bureau
surveys. To facilitate analysis, this study aggregated the 42 sectors in the input-
output tables into 8 sectors, combining the national economic industry classifi-
cation with modern service industry statistical standards (Table 1).

5. Water Resource Efficiency

Beijing is one of China’ s most water-scarce major cities. Understanding water
use across industries is crucial for water conservation. This study calculated
water resource efficiency for 8 sectors in Beijing from 2007 to 2012 and the
overall water resource efficiency for Beijing during this period (Figure 1).

[Figure 1: see original paper]

Agriculture, forestry, animal husbandry, and fishery had the lowest direct wa-
ter use efficiency, significantly below Beijing’ s overall water resource efficiency.
Over time, water resource efficiency in most sectors showed an upward trend,
except for the waste material sector and construction industry, which showed
fluctuations. In 2010, the waste material sector’ s water resource efficiency was
exceptionally high, likely because 2010 was a structural adjustment year for this
sector—before 2005, the waste material sector had no intermediate use by other
sectors, but began to have intermediate use by other sectors in 2005.
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The direct water use coeflicient refers to the direct water consumption per unit
of output in a sector. The total water use coefficient refers to the total direct
and indirect water consumption per unit of value added in a sector. To further
understand direct and indirect water use across sectors, this study compared
direct and total water use coefficients for 8 sectors in 2012 (Table 2). Manufac-
turing and modern service sectors had the highest total water use coefficients,
but their direct water use coeflicients were not particularly high, indicating these
are sectors with hidden water use.

To further analyze the sources of total water use in manufacturing and modern
service sectors, this study analyzed the mutual contribution ratios of total water
use between sectors (Table 3). The first row shows the proportion of water
use in other sectors caused by direct water use in agriculture, forestry, animal
husbandry, and fishery. The first column shows the proportion of water use
in agriculture, forestry, animal husbandry, and fishery caused by other sectors’
water use. The contribution ratio from agriculture, forestry, animal husbandry,
and fishery far exceeds other sectors due to its significantly higher direct water
use coefficient.

The analysis shows that in the total water use of each sector, 89.41% of manu-
facturing’ s total water use comes from agriculture, forestry, animal husbandry,
and fishery, and 11.88% from the waste material sector. Modern service sector’ s
total water use comprises 85.25% from agriculture, forestry, animal husbandry,
and fishery and 12.00% from the waste material sector.

Conclusion: Agriculture, forestry, animal husbandry, and fishery is the sector
with the lowest water resource efficiency, below Beijing’ s overall level. Manufac-
turing and modern service sectors are sectors with hidden water use, and their
total water use mainly comes from agriculture, forestry, animal husbandry, and
fishery and the waste material sector. Therefore, these two sectors are key for
improving water resource efficiency.

6. Wastewater Environmental Efficiency

This study calculated the environmental efficiency of wastewater for 24 indus-
trial sectors and Beijing’ s overall wastewater environmental efficiency for 2005,
2007, and 2010 (Figure 2). Over time, wastewater environmental efficiency in
all sectors showed an upward trend, except for non-metallic mineral mining and
apparel products manufacturing. Sectors with efficiency below Beijing’ s overall
level included water production and supply, food manufacturing and tobacco
processing, textiles, and paper printing and cultural/educational sporting goods
manufacturing.

[Figure 2: see original paper]

The direct emission coefficient refers to the amount of pollutants directly emit-
ted per unit of output. The total emission coefficient refers to the total direct
and indirect pollutants emitted per unit of value added. To further understand
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wastewater discharge across sectors, this study compared direct and total emis-
sion coefficients for industrial wastewater and industrial solid waste in 2010.
The electricity and heat production and supply sector, computer and other elec-
tronic equipment manufacturing, and electrical machinery and equipment man-
ufacturing had high total emission coefficients but relatively low direct emission
coeflicients, indicating these are sectors with hidden emissions.

To analyze the sources of total emissions across sectors, this study further ana-
lyzed the mutual contribution ratios of total emissions between sectors (Figure
3). The analysis shows that the water production and supply sector contributed
significantly to the total wastewater emissions of sectors with hidden emissions.
For special equipment manufacturing, transportation equipment manufacturing,
electrical machinery and equipment manufacturing, and computer and other
electronic equipment manufacturing, the water production and supply sector’
s contribution to total wastewater emissions reached 73.14%, 58.19%, 45.93%,
60.53%, and 61.77%, respectively.

[Figure 3: see original paper]

Conclusion: Water production and supply, food manufacturing and tobacco
processing, textiles, and paper printing and cultural /educational sporting goods
manufacturing have low wastewater environmental efficiency. The water pro-
duction and supply sector is a sector with hidden wastewater emissions and is
the main source of total wastewater emissions for sectors like electricity and
heat production and supply, computer and other electronic equipment manu-
facturing, and electrical machinery and equipment manufacturing. Therefore,
these sectors are key for improving wastewater environmental efficiency.

7. SO, Environmental Efficiency

This study calculated the environmental efficiency of SO, for 24 industrial sec-
tors and Beijing’ s overall SO, environmental efficiency for 2005, 2007, and 2010
(Figure 4). Over time, SO, environmental efficiency in all sectors showed an up-
ward trend, except for petroleum processing, coking and nuclear fuel processing.
Sectors with efficiency below Beijing’ s overall level included non-metallic min-
eral products, metal smelting and rolling, and electricity and heat production
and supply.

[Figure 4: see original paper]

To better analyze SO, emissions across sectors, this study further analyzed di-
rect emission coefficients, total emission coefficients, and mutual contribution ra-
tios of total emissions between sectors in 2010. Petroleum processing, coking and
nuclear fuel processing, non-metallic mineral products, and metal smelting and
rolling had high direct emission coefficients. Metal products, special equipment
manufacturing, transportation equipment manufacturing, electrical machinery
and equipment manufacturing, computer and other electronic equipment manu-
facturing, and other manufacturing had high total emission coefficients but low
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direct emission coeflicients, indicating these are sectors with hidden emissions.

For sectors with hidden emissions, the sectors contributing most to their total
emissions were metal smelting and rolling, with contribution ratios of 90.44%,
88.81%, 82.59%, 99.09%, 71.51%, and 90.63% for metal products, special equip-
ment manufacturing, transportation equipment manufacturing, electrical ma-
chinery and equipment manufacturing, computer and other electronic equipment
manufacturing, and other manufacturing, respectively.

Conclusion: Petroleum processing, coking and nuclear fuel processing, non-
metallic mineral products, metal smelting and rolling, and electricity and heat
production and supply have low SO, environmental efficiency. Metal smelting
and rolling has high direct emission coefficients and contributes significantly to
the total emissions of sectors with hidden emissions. Therefore, these sectors
are key for improving SO, environmental efficiency.

8. Industrial Solid Waste Environmental Efficiency

This study compared the environmental efficiency of industrial solid waste across
24 sectors for 2005, 2007, and 2010 (Figure 5). Over time, the environmental
efficiency of industrial solid waste in most sectors showed an upward trend,
except for metal smelting and rolling, computer and other electronic equipment
manufacturing, apparel manufacturing, coking and nuclear fuel processing, and
water production and supply, which showed fluctuations.

[Figure 5: see original paper]

Sectors with efficiency below Beijing’ s overall level included coal mining and
washing, metal mining, non-metallic mineral products, metal smelting and
rolling, and electricity and heat production and supply. To more comprehen-
sively analyze the environmental efficiency of industrial solid waste across
sectors, this study further analyzed direct emission coefficients, total emission
coefficients, and mutual contribution ratios of total emissions between sectors
in 2010.

Metal products, special equipment manufacturing, transportation equipment
manufacturing, electrical machinery and equipment manufacturing, computer
and other electronic equipment manufacturing, and other manufacturing had
high total emission coefficients but low direct emission coefficients, indicating
these are sectors with hidden emissions. For these sectors with hidden emis-
sions, metal mining contributed the most to their total industrial solid waste
emissions, with contribution ratios of 62.82%, 59.68%, 59.06%, 66.44%, 61.79%,
and 58.20%, respectively. Metal smelting and rolling was the second-largest con-
tributor, with contribution ratios of 35.85%, 38.33%, 36.84%, 31.79%, 31.96%,
and 39.08%, respectively.

[Figure 6: see original paper]

Conclusion: Coal mining and washing, metal mining, wood processing and
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furniture manufacturing, non-metallic mineral products, metal smelting and
rolling, electricity and heat production and supply, and water production and
supply have low industrial solid waste environmental efficiency. Metal mining
and metal smelting and rolling contribute significantly to the total emissions of
sectors with hidden emissions. Therefore, these sectors are key for improving
industrial solid waste environmental efficiency.

[Figure 7: see original paper]

9. Conclusions

Based on Beijing’ s input-output tables, this study calculated eco-efficiency in-
dicators for industrial sectors, including water resource efficiency and the envi-
ronmental efficiency of wastewater, SO,, and industrial solid waste. The study
calculated total water use coefficients and total emission coefficients for each
sector and analyzed the mutual contribution ratios of total emissions between
sectors. The main conclusions are:

1. Temporal trends: From 2007 to 2012, water resource efficiency in all sec-
tors except manufacturing and construction showed clear upward trends.
From 2005 to 2010, the environmental efficiency of wastewater, SO,, and
industrial solid waste in most industrial sectors showed fluctuating upward
trends.

2. Water resource efficiency: Agriculture, forestry, animal husbandry,
and fishery has the largest direct water use coefficient and the lowest
water resource efficiency, below Beijing’ s overall level. Manufacturing and
modern service sectors have the highest total water use coefficients, with
their total water use mainly contributed by agriculture, forestry, animal
husbandry, and fishery and the waste material sector. Therefore, these
two sectors are key for improving water resource efficiency.

3. Wastewater environmental efficiency: Water production and supply,
food manufacturing and tobacco processing, textiles, and paper printing
and cultural /educational sporting goods manufacturing have high direct
wastewater emission coefficients and low environmental efficiency. Water
production and supply is a sector with hidden emissions and the main
source of total wastewater emissions for sectors like electricity and heat
production and supply. These sectors are key for improving wastewater
environmental efficiency.

4. SO, environmental efficiency: Petroleum processing, coking and nu-
clear fuel processing, non-metallic mineral products, metal smelting and
rolling, and electricity and heat production and supply have high direct
SO, emission coefficients and low environmental efficiency. Metal smelting
and rolling contributes significantly to the total emissions of sectors with
hidden emissions. These sectors are key for improving SO, environmental
efficiency.
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5. Industrial solid waste environmental efficiency: Coal mining and
washing, metal mining, wood processing and furniture manufacturing, non-
metallic mineral products, metal smelting and rolling, electricity and heat
production and supply, and water production and supply have high di-
rect industrial solid waste emission coefficients and low environmental
efficiency. Metal mining and metal smelting and rolling contribute sig-
nificantly to the total emissions of sectors with hidden emissions. These
sectors are key for improving industrial solid waste environmental effi-
ciency.
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