Applied Energy Symposium 2020: Low carbon cities and urban energy systems

October 10-17, 2020
Paper ID: xxxx

The temporal characteristics and decomposition analyses of energy consumption

for industrial wastewater treatment in the Beijing-Tianjin-Hebei region

Saige Wang?, Bin Chen®”

IState Key Joint Laboratory of Environmental Simulation and Pollution Control, School of Environment, Beijing Normal
University, Beijing 100875, P.R. China

ABSTRACT

The multi-year wastewater-related energy in the
Beijing-Tianjin-Hebei (BTH) region are calculated. The
Logarithmic Mean Divisia Index (LMDI) method is used to
analyze the driving factors of energy consumption for
industrial wastewater treatment (wastewater-related
energy). The results of driving force analysis illustrate
that: From 2010 to 2018, the energy consumptions
related to industrial wastewater in the BTH increase by
1.91, 1.50, and 1.11 times, respectively. The power
consumption intensity and economic activity are the
main drivers for the increase of industrial wastewater-
related energy consumption. In contrast, the industrial
structure is the main driver for its decrease. A significant
increase in industrial wastewater-related energy
censumption occurred between 2014 and 2018
(increased by 37.42 million kWh), while the decrease
occurred from 2011 to 2014 (decreased by 11.02 million
kWh). By identifying the critical driving factors of energy
consumption change for wastewater treatment, this
study aims to provide energy saving strategy to boost the
synergies of energy-water nexus in industrial wastewater
treatment.
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1. INTRODUCTION

Two decomposition methods, the index
decomposition  analysis  (IDA) and  structural
decomposition analysis (SDA), are usually applied to
study the contributions of driving factors to the total

change in energy consumption and carbon
emissions[1,2]. IDA has an advantage in analyzing the
changes in energy consumption and carbon emissions in
a specific department[3]. SDA has been widely used to
distinguish production effects and final demand effects
in multiple departments and evaluating direct and
indirect effects by using input-output tables. Many
studies have used these two methods to explore the
driving forces of energy consumption and emissions
[4,5].

LMDI, one of the most popular IDA approaches, has
been widely used to analyze carbon emissions due to its
superiority of the desirable characteristic of complete
decomposition and aggregation consistency, ensuring
the decomposition results without a residual term [6-8].
Although it is not capable of detecting synergies and
other interactions between driving forces, the relative
contribution of the various driving force behind change
of various parameters over time can be quantified to
design future policies and measures[8,9].

The complex interdependency between energy and
water, termed as energy-water nexus, is creating
opportunities to exacerbate or mitigate the energy and
water risk[10]. Previous studies tended to focus on
specific nexus questions or different aspects separately,
while few studies addressed the influence of the nexus
path on the entire system [11,12]. The synergy effects
and co-benefits in industrial wastewater treatment
system were also rarely investigated, which was
particularly crucial for energy saving due to the
wastewater treatment activities were energy intensive
[13,14].
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In this study, the temporal characteristics of energy-
water nexus in the BTH region and its driving factors will
be analyzed. A detailed introduction and formula of the
methods used, the LMDI decomposition approach, are
provided in Section 2. Then Section 3 illustrates the
results including temporal variation of wastewater-
related energy and its decomposition analysis.

2. METHODOLOGY

The factors affecting the change of industrial
wastewater discharge in various provinces of China are
decomposed into the discharge coefficient effect,
technological progress effect, industrial structure effect,
income effect, population mobility effect, and
population effect by using LMDI. At the same time, the
influence of industrial wastewater discharge intensity
(wastewater discharge per unit industrial added value)
on industrial wastewater discharge is analyzed[15-17].
The total amount of industrial wastewater discharge W
can be expressed by Eq. (1):
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where Wi is the industrial wastewater discharge of the
region i, Ei is the industrial water consumption of the
region i; Viis the industrial added value of the region i; Gi
is'the gross domestic product of the region i; Pi is the
population of the region i (ten thousand people); P is the
total population.

Eqg. (1) can be written as:
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where SDCi is industrial wastewater discharge and
industrial water consumption in region i, that is,

wastewater discharge coefficient; INTi is the intensity of
industrial water use in region i; SVi is the proportion of
industrial added value in the GDP of region i; INCi is the
per capita GDP of region i; SPi is the proportion of the
population of region i in the total population of the
whole country.

When the time factor is introduced, Eqg. (2) is changed
into Eq. (3).

w :Zé DCix INTix SVix |NCixSPiXP+ZSDCiXi NTix SVix INCix SPix P
+.SDCix INTix SVix INCix SPix P+ Y SDCix INTix SVix | NCix 5Py P
+7SDCix INTix SVix INCix § Pix P+ 3" SDCix INTix SVix INCix 5Py x P
(3)

3. RESULTS AND DISCUSSIONS
Figure 1 shows the industrial wastewater-related

energy consumption during 2010-2018. During 2010-
2018, the water-related energy increased by 1.91, 1.50,
and 1.11 times in the BTH, respectively. In Beijing, the
increasing speed is higher than that in Tianjin and Hebei.
A significant increase in industrial wastewater-related
energy consumption occurred between 2014 and 2018
(increased by 37.42 million kWh), while the decrease
occurred from 2011 to 2014 (decreased by 11.02 million
kWh). This is mainly due to the enhancement of
industrial wastewater treatment in recent years. Tianjin
has a significant decrease from 2012 to 2013 (decreased
by 31.89 million kWh). Compared to Tianjin and Beijing,
Hebei has a relatively high industrial wastewater
capacity. This is mainly due to the dense population and
high-developed heavy industry in Hebei.
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Figure 1 Industrial wastewater-related energy consumption in the BTH area

Figure 2 shows the drivers of Beijing’s industrial
wastewater-related energy consumption from 2010 to
2018. We decompose five driving factors to the change
of industrial wastewater-related energy consumption,
including (economic activity, population-scale, electricity
consumption intensity, technology improvement, and
industrial structure), which is represented by colored
rectangles. The industrial wastewater-related energy
consumption in Beijing decreased -13.0% from 2010 to
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2014, and economic activity contributed the most
increase (29.9%), while industrial structure contributed
the most decrease (-86.5%) to the change of industrial
wastewater-related energy consumption. Besides, the
difference in electricity consumption intensity (-13.7%)
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Figure 2 The industrial wastewater-related energy consumption
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