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Abstract. With complex composition and wide distribution, the urban solid wastes increase with the
intensity and range of human activities. After analyzing benefits and performance, this paper sets up a
benefit-performance model for urban solid wastes, and discusses the logistics pricing system for solid
wastes in the municipal districts of south eastern China’s Hangzhou. The research results show that: the
logistics pricing system for urban solid wastes contains transport pricing and disposal pricing; the
“reverse logistics” of solid wastes can produce economic benefits, and the most economic way to dispose
of solid wastes is to transport them to the terminal station for treatment; the dual variable reflects the
relationship between the disposal amount and logistics pricing of solid wastes; there is an optimal daily
disposal volume for solid wastes in the transfer stations of each municipal district in Hangzhou; if the
daily disposal volume is below or above the allowable range computed by the decision variable in the
objective function, then the logistics pricing will increase. The research findings lay the theoretical basis
for the design of the logistics pricing system for urban solid wastes that combines environmental and
economic benefits.
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Introduction

Recent years has seen the proliferation of environmental problems from developed
countries to developing countries. For example, the environment in China is now
threatened by the growth in resource demand and urban population, which is fueled by
the booming economy. In urban areas, the greatest threat to environment lies in the
treatment of solid wastes (Garchitorena et al., 2017; Marino et al., 2017; Gattringer,
2018; Zheng et al., 2018). The various kinds of solid wastes produced by urban citizens
are both uncertain and risky to process and difficult to manage. According to
incomplete statistics, each urban citizen generates 0.60~1.40 kg/day of solid wastes,
half of which is catering waste (Gendron, 2014). In addition, there are many problems
in the management of urban solid wastes. With significant regional differences, the
logistics dispatch of such wastes mainly depends on fiscal appropriation and economic
benefits (Frank et al., 2016).

Currently, urban solid wastes are being treated through landfill, incineration,
composting or comprehensive method, aiming to turn them into harmless substances
(Lan et al., 2012; Mangone, 2016). Some scholars have created a logistics pricing model
for solid wastes based on cost-effectiveness, which minimizes the disposal cost of urban
solid wastes, achieves complete non-hazardous treatment and realizes multi-objective
optimization of logistics pricing system (Ostberg et al., 2012; Lan, 2018). Some
scholars found that it is much costlier to mitigate the environmental pollution of solid
wastes than transport such wastes, and suggested to analyze the logistics cost-
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effectiveness of solid wastes based on logistics pricing system before solving the
environmental and economic problems caused by solid wastes (Zhang et al., 2011).

From the perspective of marketization, this paper analyzes the benefits and
performance of the logistics pricing system for solid wastes in the municipal districts of
southeastern China’s Hangzhou, with the aim to develop an economical logistics pricing
system.

Materials and Methods

Logistics cover the entire process of transport, facility operation and management.
Similarly, logistics pricing involves such aspects as transport, facilities and management
(Ambrogi and Mineo, 2016; Feng et al., 2017; Lalami et al., 2017; Li et al., 2017; Duan,
2018; Tan et al., 2018). The logistics of solid wastes can be divided into “forward”
logistics and “reverse logistics”. The latter refers to the recycling and reuse of solid
wastes. In this paper, the logistics of solid wastes refers to the economic cost of the
collection, classification, handling or storage of solid wastes (Mulligan and Lombardo,
2016). There is no “reverse logistics” in traditional solid waste logistics systems
(Ayodele et al., 2018). With the growing awareness of eco-environmental protection,
more and more people now favor the green treatment of solid waste, giving birth to the
“resource-product-waste-renewable resource” economic model. In this way, the
logistics cost of solid wastes has plunged over the years. Figure 1 illustrates the
logistics network for urban solid wastes.
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Figure 1. Logistics network for urban solid wastes

The logistics system for urban solid wastes is reversible, inactive, complex and
uncertain (Gafurov et al., 2014). In urban areas, the disposal of solid wastes is driven by
multiple factors, such as legal mandates, economic benefits, environmental protection
and social wellness (Zhu et al., 2018). Table 1 lists the total and per-capita daily
production of urban solid wastes in many countries. It can be seen that urban Chinese
generates a relatively low amount of solid wastes on average. Due to the huge
population, however, China is now the largest producer of solid wastes. The total
production of solid wastes in China is 1.014 times that of the US, 5.775 times that of
France, 5.920 times that of the UK, 4.211 times that of Japan and 10.241 times that of
South Korea. Figure 2 shows the average composition of solid wastes in Chinese cities.
Obviously, the catering waste takes up an increasingly large portion in solid wastes year
by year, reaching 70% in recent years, while the proportions of dust and construction
wastes are gradually declining. The other solid wastes like plastics, metal and tree
branches are relatively few and stable over the years.
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Table 1. Total and per-capita daily production of urban solid wastes in many countries

Country Urban solid waste production/x 10"4t Urban solid waste production rate (kg/day/People)
America 21020.6 2

France 3690.5 1.53

Britain 3600.3 1.53

Japan 5061.1 1.04

Korea 2081.2 1.09

China 213135 0.85
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Figure 2. The average composition of solid wastes in Chinese cities

Results and Discussion
Benefit model for logistics pricing of urban solid wastes

The logistics pricing system for urban solid wastes covers issues of economy,
environment and society, requiring scientific and rational resource allocation. Taking
solid wastes as a commodity, the environmental pollution caused by the commodity
should be controlled through analysis on both benefits and performance. The logistics
transport cost of solid wastes should be compared with the monetary income in reverse
logistics. The composition of solid wastes in downtown Hangzhou is explained in
Figure 3. As shown in the figure, 62.5% of the solid wastes are catering waste, 11.5%
are paper, 12% are plastics, 3% are glass, and 1% are metal. The catering waste is not
recyclable and cannot produce any benefit. By contrast, the other wastes can bring
benefits through recycling. Hence, the benefit function of logistics pricing R1 can be
constructed as:

Rl = E:z=1 Q:’ rz'p:' (i = 1r2r3r ...,1‘1] (qu)

where Qi is the reverse flow amount of each kind of urban solid waste (ton); ri is the
proportion of each kind of recyclable urban solid waste (%); p is the recycling price of
each kind of urban solid waste (RMB yuan/ton).

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(4):9291-9300.
http://www.aloki.hu @ ISSN 1589 1623 (Print) ® ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1704_92919300
© 2019, ALOKI Kft., Budapest, Hungary



Chen — Cai.: An economical logistics pricing system for urban solid wastes

Besides the benefit of direct recycling, urban solid wastes can produce composting
benefit Rz, power generation benefit Rz and landfill gas benefit Rs. Among them, the
power generation benefit Rs can be expressed as:

Ry = X0y Qop (i=123,..,n) (Eq.2)

where Q;j is the total amount of solid wastes used for power generation (ton); ¢ is the
energy conversion efficiency of solid wastes (kWh/ton); p is the price of each kWh of
electricity (RMB yuan).

Then, the total benefit function can be expressed as:

R=R,+R,+R, +R, (Eq.3)
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Figure 3. The composition of solid wastes in downtown Hangzhou

Performance model for logistics pricing of urban solid wastes

Through the economic analysis, it is learned that the logistics pricing system for
urban solid wastes contains transport pricing and disposal pricing. The former is further
split into transport machine pricing and labor pricing, and the latter covers the full-
lifecycle pricing of the machine. In Hangzhou, the solid waste transport performance is
RMB 2.2 yuan/km/ton, and the closest transfer station of solid waste lies 12 km away
from the terminal station. The solid wastes are loaded into trucks at the transfer stations,
and transported to the terminal for classification and disposal. Table 2 compares the
disposal costs of urban solid wastes in Hangzhou. It can be seen that the disposal at the
transfer stations is the cheapest method.

Table 2. Comparison of disposal costs of urban solid wastes (RMB yuna/ton)

Urban solid waste treatment measures Unit disposal cost
Transfer station 28.4
Composting field 218.6
Incineration plant 253.6
Sanitary landfill 73.4
Integrated treatment plant 98.8

The performance function C can be expressed as:

C = E:!:J_(tzdi + DE]X:' (II = 1!2131 -".!H'j (Eq4)
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where ti and d; are respectively the unit transport cost and unit transport distance of solid
wastes, respectively; Di and X; are the unit disposal performance and unit logistics
volume of municipal solid wastes, respectively.

Empirical analysis

This subsection mainly explores the economic and environmental benefits of urban
solid waste treatment. To minimize the volume and harm of solid wastes, the optimal
solution must have the lowest logistics pricing. Logistics pricing is a linear planning
problem. The logistics pricing at the terminal varies with the transport distances. There
are ten municipal districts in Hangzhou. The transfer-terminal distance differs from
district to district. Thus, each transfer station should have a unique objective function
and constraints. The general mathematical model can be expressed as:

max(min)f, (X)

Z=FX) = max(min)f;(X) (Eq.5)

max(m;ﬁ] fa(X)

0,(X) g
st ={22®<c={% (Eq.6)

2,,(X) Ba

where X=[X1, X2, X3,..., xn] " is the decision variable.

The annual outputs of catering and industrial solid wastes in Hangzhou are presented
in Figure 4. It can be seen that Hangzhou produces fewer and fewer industrial solid
waste over the years, but more and more catering solid waste. In 2018, the output of
catering solid waste was 19 times that of industrial solid waste.
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Figure 4. The annual outputs of catering and industrial solid wastes in Hangzhou

The total investment of Hangzhou in solid waste treatment is shown in Figure 5. It
can be observed that the investment increased first and then declined. The highest
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investment appeared in 2016. This trend is attributable to the implementation of
“reverse logistics” in recent years, as the city started to highlight the relationship
between economy and environment. The terminal stations have began creating benefits
from urban solid wastes. Then, the benefit-performance optimization model can be set
up based on an interactive linear and general optimization solver:

Logistics pricing function:

C=n1xx1+npxx+N3xxs+...... +niXXi (Eq.7)
where n;j is the unit pricing (RMB yuna/ton); X; is the proportion of solid wastes

received by each terminal station to the total solid wastes received by all terminal
stations in the municipal districts (%).
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Figure 5. The total investment of Hangzhou in solid waste treatment

Recycling benefit function:
R1=194.69x(w1l+w2+w3+...... +wi) (Eq.8)
Compositing benefit function:
R2=AIXWIHA2XwW2+A3XW3+...... +AIxwi (Eq.9)
Incineration benefit function:
R3=01xwl+@2xw2+m3xw3+...... +oixwi (Eq.10)
Landfilling benefit function:
Ra=y1xwityaXwatysxwst...... +YiX Wi (Eq.11)
where w; is the composition of solid wastes; Ai, mi and yi are the unit benefit of

composting, incineration and landfilling of solid wastes, respectively.
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Improvement strategies

The ten municipal districts, denoted as 1~10 respectively, in Hangzhou are listed in
Table 3. The daily disposal amount and dual variable of solid wastes in each municipal
district are illustrated in Figure 6. If the dual variable is positive, then the disposal
amount is negatively correlated with the logistics pricing, that is, the pricing decreases
with the growth in disposal amount. The inverse is also true.

Table 3. List of municipal districts in Hangzhou

Number Municipal district Number Municipal district
1 Shangcheng area 6 Binjiang area
2 Xiacheng area 7 Xiaoshan area
3 Xihu area 8 Yuhang area
4 Jianggan area 9 Linan area
5 Gongshu area 10 Fuyang area

Solid waste daily processing capacity/t
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Figure 6. The daily disposal amount and dual variable of solid wastes in each municipal

district
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The optimal daily disposal volume of solid wastes in each municipal district was
obtained according to the decision variable in the objective function. Figure 7 gives the
allowable change of solid wastes in each municipal district under a constant optimal
base.
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Figure 7. The allowable change of solid wastes in each municipal district under a constant
optimal base

If the daily disposal volume is below or above the allowable range, then the logistics
pricing will increase. With the improvement of living standards, more and more solid
wastes are being generated year by year. To reduce the generate of solid wastes, the
government should step up its promotion of the solid waste disposal system that
combines environmental and economic effects, and encourage waste classification at the
source. Furthermore, the solid waste disposal ability of each transfer or terminal station
should be controlled according to the benefit-performance theory and the disposal
capacity of the existing facilities.

Conclusions

From the perspective of marketization, this paper analyzes the benefits and
performance of the logistics pricing system for solid wastes in the municipal districts of
Hangzhou, with the aim to develop an economical logistics pricing system. The main
conclusions are as follows:

(1) The catering waste takes up an increasingly large portion in solid wastes year by
year, reaching 70% in recent years, while the proportions of dust and construction
wastes are gradually declining. The other solid wastes like plastics, metal and tree
branches are relatively few and stable over the years.

(2) The logistics pricing system for urban solid wastes covers issues of economy,
environment and society, requiring scientific and rational resource allocation. Taking
solid wastes as a commodity, the environmental pollution caused by the commodity
should be controlled through analysis on both benefits and performance. Logistics
pricing is a linear planning problem. The logistics pricing at the terminal varies with the
transport distances.
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(3) The dual variable reflects the relationship between the disposal amount and
logistics pricing of solid wastes. If the daily disposal volume is below or above the
allowable range, then the logistics pricing will increase.

(4) There are many assumptions in the application of benefit-performance theory.
The cost calculation in this paper is not comprehensive and neglects the environmental
damage caused by the generation, stacking and disposal of solid wastes. Future research
should seek to try to solve problems in a smaller range.
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