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Abstract: Whether water systems can be operated successfully and sustainably is influenced by the
attitudes and willingness of stakeholders involved in the management of such systems. This study
quantitatively evaluates the interests of different stakeholders in wastewater reuse systems in Beijing.
Such interests comprise economic, environmental, and social effects induced by the wastewater reuse
systems. The study considers four main stakeholders in Beijing, namely the Municipal Administration
Committee (MAC), Municipal Environmental Protection Bureau (MEPB), plant managers, and users.
Cost benefit analysis is conducted to determine the aforementioned interests separately from the
perspectives of the various stakeholders. The results reveal that not all stakeholders’ interests in
the wastewater reuse systems in Beijing are satisfied. From the perspectives of both the MAC and
MEPB, the evaluation results indicate that both decentralized and centralized wastewater reuse
systems are economically feasible. However, from the viewpoints of plant managers and users,
the results reveal that only the centralized wastewater reuse systems are economically feasible,
whereas the decentralized systems are not. The failure to satisfy the interests of plant managers
and users may be a major reason for the interrupted operation of the decentralized systems in
Beijing. The study demonstrates that successful and sustainable development of a new water project
necessitates satisfying the interests of all stakeholders.
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1. Introduction

Whether water systems can be operated successfully and sustainably is predominantly
influenced by the attitudes and willingness of stakeholders involved in the management of such
systems [1]. Different stakeholders may have different concerns on a water system [2,3]. For example,
plant managers pay more attention to the profitability of water systems, users place more emphasis
on living costs saving and convenience, and the government attaches greater importance on the
influence of the water scheme on society. The opinions of different stakeholders could lead to different
attitudes and willingness toward water management matters, and then significantly affect a smooth
and successful operation of water systems [4,5].

In Beijing, wastewater reuse has been extensively promoted since the 1980s, but the emphasis is
centered on decentralized systems. Decentralized wastewater reuse entails reclaiming and reusing
wastewater on site; this procedure involves a small treatment scale. Decentralized wastewater reuse
has been successfully implemented in Japan, Australia, and certain European countries [6,7]. Moreover,
relevant policies on constructing decentralized wastewater reuse systems have been issued gradually in
Beijing. For example, in 1987, the government issued “The draft regulation on building decentralized
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wastewater reuse systems in Beijing,” which required that all institutes including hotels, schools,
and residences with areas exceeding 30,000 m? construct decentralized wastewater reuse plants. In 2002,
“A comprehensive regulation on the management of wastewater reuse systems” was implemented
with more details rules. Since 2000, centralized wastewater reuse systems have been promoted and
constructed. Centralized water reuse involves treating wastewater in a large plant centrally and then
distributing the treated water to users. Compared with decentralized systems, centralized systems are
traditional modes that treat water centrally and on large scales. Currently, Beijing comprises thousands
of decentralized wastewater reuse plants and five centralized plants.

The total amount of reused wastewater is increasing gradually, as illustrated in Figure 1. Except for
decentralized wastewater reuse systems established for industrial use, most of the decentralized
systems in Beijing do not operate as expected. Parts of the decentralized systems operate irregularly;
parts of decentralized systems were no longer functioning. Moreover, the establishment of centralized
systems is increasing slowly despite the government extensively promoting wastewater reuse [8,9].
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Figure 1. Change in total water consumption and amount of reused wastewater. (Sourced from Beijing
Water Resources Bulletin).

The Municipal Administration Committee (MAC), Municipal Environmental Protection Bureau
(MEPB), plant managers, and users are the main stakeholders of wastewater reuse systems in Beijing,
and their interests in such plants may differ. The MAC promotes and subsidizes the construction
of wastewater reuse plants; managers oversee the daily operation of the plants; the MEPB inspects
such plants; users have rights to decide whether to use the reused water or not. Although numerous
studies have examined wastewater reuse systems from technological perspectives, such viewpoints
determine only the physical operation of the plants without reflecting management issues [10,11].
The current study determines whether each stakeholder’s interests in wastewater reuse are satisfied or
not during operation.

Estimations of the interests of different stakeholders can effectively explain the diverse situations
between the centralized and decentralized wastewater reuse systems in Beijing. In the reviewed
literature, certain studies have discussed different stakeholders” perceptions and interests toward
water management. Chen et al. showed the perceptions of different stakeholders on water
reuse [2]. Sa-nguanduan and Nititvattananon’s study presented the environmental, economic, social,
and technical interests of different stakeholders on water reuse [3]. These studies have qualitatively
represented the opinions of different stakeholders, revealing a concept map to decision makers.
The interests of different stakeholders have been rarely estimated quantitatively. Quantitative analysis
of the interests of different stakeholders benefits further comparative research and hence obtains an
all-inclusive and profound conclusion.

The study quantitatively estimates the interests of the main stakeholders of wastewater reuse
systems in Beijing. Such interests include the economic, environmental, and social effects engendered
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by wastewater reuse, which are evaluated separately from the perspectives of different stakeholders.
About the method on evaluating the sustainability of recycled water schemes, Chen et al. have
reviewed several tools, including Life Cycle Assessment (LCA), Material Flow Analysis (MFA) and
Environmental Risk Assessment (ERA) in terms of their types, characteristics and weaknesses [12].
In this study, the method of Cost Benefit Analysis (CBA) is applied. CBA could facilitates effectively
the estimation of the effects of wastewater reuse, a comparative analysis among stakeholders, and
comparison between centralized and decentralized systems [13]. Moreover, besides CBA, Multi-Criteria
Analysis (MCA) is conducted in various sectors for assessing the decision making process, such as
solid waste management systems [14], energy [15], sustainability assessment of tertiary wastewater
treatment technologies [16], etc.

The current study is based on two previous studies: the study by Liang and Van Dijk (2010),
who conducted an economic analysis of Beijing’s decentralized wastewater reuse plants, and that by
Liang and van Dijk (2012), who conducted an economic evaluation of Beijing’s centralized wastewater
reuse plants [9,17]. In the current study, some parts of the evaluation and data are sourced from these
two studies; nevertheless, this study re-estimates the data and constructs a new analysis, which is an
advancement of these two previous ones. All data in the study are collected through the interviews
with different stakeholders.

2. Studied Wastewater Reuse Systems

Four wastewater reuse plants are chosen for the study: Two of the plants are decentralized
(denoted as Plants 1 and 2), and the remaining are centralized (denoted as Plants 3 and 4). As shown
in Figure 2, the centralized plants are located in the suburban area, whereas the decentralized plants
are located in the city center. Different locations of wastewater reuse plants may incur different effects.
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Figure 2. Location of Beijing centralized and decentralized wastewater reuse plants studied.

A decentralized wastewater reuse system is usually built for a single construction site or institute,
collecting greywater from the construction site directly and then processing it on site. Plant 1, with a
daily production capacity of 65 m3, is located in a residential area and serves approximately 2500 people.
Its reused water is mainly for toilet flushing and green area irrigation. The plant is constructed
underground beside a residential parking area; its depth is 8 m, and its area is 218 m?. Plant 2,
with a daily production capacity of 400 m3, is built on a university campus, serving approximately
30,000 people. This plant collects water from the public shower lounge, and then the reclaimed water
is used for toilet flushing in student accommodations and green land irrigation.

A centralized wastewater reuse system is generally established at a large scale, reclaiming
wastewater and then distributing the reused water for multiple functions. Plant 3 is the largest and
first centralized wastewater reuse plant in Beijing, and it has been in operation since 2000. The daily
capacity of plant 3 is approximately 470,000 m3, of which 40% is discharged to “The First Electricity
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Factory” for cooling, 4% is delivered to “The Sixth Water Factory” for reprocessing for industrial use,
and the remaining is distributed for residential use, greening and agricultural irrigation. Plant 4 was
constructed in 2004, and it processes 60,000 m® of reused water daily, of which 30% is for residential
use, 50% is for lake or river water supplementation, 10% is for green land irrigation, and the remaining
10% is for agricultural irrigation.

3. Evaluation Method

As shown in Figure 3, this study separately evaluates the effects of wastewater reuse systems from
the perspectives of the MAC, the MEPB, plant managers and users. For centralized wastewater reuse
systems in Beijing, the drainage group is mainly in charge of the daily operations and maintenance of
the plants. The MAC, representing the government, promotes and subsidizes the construction and
operation of the centralized systems. The MEPB is in charge of inspecting the systems, with an average
inspection frequency of once a month. Users of the centralized systems include residents, industries,
and farms. Moreover, for decentralized wastewater reuse systems, the property management company
is mainly in charge of the daily operations and maintenance of the plants. Similarly, the MAC,
representing the government, promotes the construction of the plants, and the MEPB inspects the
plants twice a month on average. Users of the decentralized systems depend on the construction sites
or institutes the plants serve, and such users mostly include residents, students, and hotel guests.

From the perspective of MAC From the perspective of MEPB
™~a| Decentralized plants |
VS.
From the perspective of plant / Centralized P lants ] From the perspective of users
managers
Cost Benefits
Economic Environmental Social Economic Environmental Social

L
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Figure 3. Evaluation framework.

The CBA approach is implemented from three perspectives: economic, environmental, and social
effects. Accordingly, the economic, environmental, and social costs and benefits are determined using
their monetary values. For effects such as economic costs, the monetary corresponding values can be
directly determined according to their market prices. However, the monetary values of effects without
market prices, such as environmental and social benefits, are determined through indirect valuation
methods. In the CBA method, if the benefits and costs stretch over time, present values of the costs and
benefits occurring in different periods are required. Because the water price has changed constantly in
recent years, the estimation period selected in this study is from 2003 to 2013. The key point of the
study is to perform a comparative analysis; hence, the selected period should not bias the results.

Finally, a comparative analysis is implemented to achieve a thorough conclusion, and this analysis
involves (1) comparing among the results from the perspectives of different stakeholders toward the
centralized and decentralized systems; and (2) comparing between the centralized and decentralized
systems. The quantitative cost benefit study facilitates this comparative analysis.
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4. Analysis from the Perspectives of Different Stakeholders

The interests of different stakeholders in wastewater reuse systems should be diverse. The study
first presents potential cost and benefit factors according to the cases separately examined from the
perspectives of four stakeholders. Subsequently, the evaluation method of each factor is introduced
in detail. Notably, in the current study, not all cost and benefit factors are listed in the tables, but the
significant factors are evaluated. The reasons of factors choosing are explained in the subsequent
sections. All of the evaluated factors are symbolized by specific notations and presented in the tables
in the subsequent sections. Moreover, the economic, environmental, and social cost benefit factors are
presented on the basis of literature reviews and interviews [18-20].

4.1. Perspective of the MAC

From the perspective of the MAC, the contribution of wastewater reuse systems to society is
emphasized. Therefore, the economic, environmental, and social effects of wastewater reuse systems
are all considered. Table 1 indicates that the factors for the centralized and decentralized systems
are different.

Table 1. Cost benefit factors from the perspective of the Municipal Administration Committee (MAC).

Centralized Systems Decentralized Systems
Initial investment (I7)
O&M cost (M7) Initial investment ()
Carbon dioxide emission (E1) O&M cost (M>)
Cost (Cg) Health risk (Hq) Noise pollution (N5)
Residential resettlement (V1) Health risk (Hj)
Noise pollution Air pollution
Air pollution
Cost saving on fertilizers (L1) Cost savings on constructing pipes (X»)
Increase of water availability (O1) Increase in water availability (O,)
Benefits (Bg) Increase of jobs (J1) Raising social awareness (A;)
Reuse of pollutants Cost saving on water distribution
Raising social awareness Cost saving on water purification

4.1.1. Centralized Systems

Cost Evaluation

From the perspective of the MAC, a centralized system can engender the economic costs of initial
investment and O&M cost, the environmental costs of carbon dioxide emission, noise pollution and air
pollution, and the social costs of health risk and residential resettlement. The detailed explanation is
as follows.

First, initial investment and O&M cost are included in the economic cost evaluation. Since there
are not many trade items in initial investment and O&M cost, the market prices of investment and
O&M cost have not large distortions and could be used as the economic values directly. The initial
investments of plant 3 and 4 are CNY ¥300 million and CNY ¥77 million.

Second, because centralized wastewater reuse systems generally involve large-scale wastewater
treatment, the energy consumption associated with wastewater reuse is considerable. The energy
generation process involves high carbon dioxide emission rates, leading to high environmental cost.
Other emissions such as sulfur dioxide and nitrogen oxides are also made during energy generation,
but carbon dioxide emission accounts for around 60% of total emission [21]. To simplify the study,
only the effect of carbon dioxide is taken into consideration. In terms of the literature, 70% of energy
consumption in China is from coal power [22]. Therefore, it is assumed that 70% of the energy
for centralized wastewater reuse plants in Beijing comes from coal power, which is considered for
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evaluation of carbon dioxide emission in the study. Due to the small quantity, the environmental cost
by the remaining 30% of energy generation is neglected. The total amount of carbon dioxide emission
due to energy consumption could be obtained through multiplying 70% of the energy consumption
and carbon dioxide emission rate. The primary environmental effect of carbon dioxide emission is
climate change. However, it is complex and difficult to estimate the social impact of carbon dioxide
because of its uncertainty. Tol (2005) have estimated that the mean damage cost of carbon dioxide is
US $50/ton (CNY ¥350/ton), which can be used in the study [23]. Hence, the environmental cost of
carbon dioxide emission (defined as E1) can be obtained by Equation (1):

E1 =bxgxzx70% 1

where b is the unit cost per carbon dioxide emission, being CNY ¥350/ton [23]; g is the energy
consumption of the plant (kWh/year); z is the carbon dioxide emission rate, being approximately
800 g/kWh [21].

Third, the reused water may contain a certain amount of pathogens; therefore, using the water for
green and agricultural irrigation may cause negative effects on human health directly or indirectly,
leading to health risks, which can be considered a social cost [24,25]. Various methods have been
carried out to value health risk, such as contingent valuation methodology and adjusted human capital
methodology. These economic methods have to be applied to big samples with a large amount of data,
because of inherent limitations. We apply an indirect valuation method through the disability-adjusted
life year (DALY) index. The Disability Adjusted Life Year (DALY) index is a measurement unit for the
effect on human health, developed by the World Health Organization (WHO) and the World Bank.
1 DALY corresponds to 1 year of healthy life lost, and the total burden of diseases can be measured
according to the gap between current health status and an ideal situation in which everyone lives with
no diseases or disabilities [26]. DALY has been applied in lots of studies on health risk. For example,
Aramaki et al. (2006) found that after building wastewater treatment units, the disease burden of a
community changed from 60 to 5.7 DALYs per year [27]. In the current study, the DALY index is used
as a bridge to convert the monetary value of health effects from the national level to the scope of a
wastewater reuse plant. Moreover, diarrhea is regarded to be the largest contributor to the burden
of water-related illnesses (OECD, 2007). The health risk caused by wastewater reuse in this study is
limited to diarrhea. We assumed that the DALY of Beijing resulting in diarrhea is caused by reused
wastewater. Therefore, the social cost of diarrhea due to wastewater reuse plant could be regarded as
the cost of health risk (defined as H1), which is calculated by using Equation (2):

Hy=dxgxkxp 2)

where d is the DALY cost rate, being CNY ¥2813 per DALY per year [28,29]; g is the DALY rate,
as a result of missing data, the DALYs rate of Beijing is determined by the DALYs rate of China,
which is 389 x 10~° DALYs per person [28]; k is the registered permanent population living in
Beijing central district, being 2.25 million; p; is the DALY probability associated with the centralized
wastewater reuse plant, which can be represented by the ratio of the reused water amount for greening
and agricultural irrigation to the total amount of reused water in Beijing (%).

Fourth, according to interviews conducted with officials of the Beijing Water Authority, 60% of
the distribution pipes of centralized wastewater reuse systems are constructed through demolition
and relocation. Demolition and relocation can lead to changes in the road net, the destruction of
existing city buildings and residential resettlement [30]. It is rare in the literature that all social costs of
demolition and relocation are evaluated completely because of the extreme difficulty on quantifying.
Residential resettlement is the most important one among the effects caused by demolition and
relocation, as it can induce various negative effects such as unemployment and increased living
and transportation costs [31]. Therefore, for simplifying the evaluation, only the effect of residential
resettlement is considered. Residential resettlement means residents living along the line of pipe
construction must move to other places. As public transportation is the main travel method for Beijing
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residents, all relocated residents may suffer from an increased transportation cost. While, other effects
such as unemployment and increased educational cost may not occur to some relocated residents.
Increased transportation cost causes an essential and real effect on people’s lives [30,31]. Hence the
increased transportation cost is used to determine the cost of residential resettlement(defined as V1) in
this study, which can be derived using Equation (3):

Vi=txpxl 3)

where t is the average increased public transport cost for one person, being CNY ¥4 per person per day;
It is assumed that all affected residents make one additional transfer each day via public transportation
(including metro and bus); The additional transfer cost is regarded as the increased public transport
cost; p is the population density of Beijing, being around 20,000 persons per square meter [32]; [ is the
length of pipe construction (meter); It assumes that the width of pipe construction is 1 m.

However, the cost factors of noise and air pollution are not considered in this study. The studied
plants are located in suburban areas with few residents. Although the noise and unpleasant smell are
generated by the wastewater reuse plants, they cannot cause significant effects on society. Therefore,
the influences caused by noise and unpleasant smell could be neglected.

Therefore, the total cost (defined as C1) of centralized wastewater reuse plants can be determined
by Equation (4):

C —1+f My +f b +f h +f 4 4)
o S +n SZ 0+ 30+ S0+

where I; is the initial investment of centralized plant (CNY ¥), M; is the O&M cost of centralized
plant (CNY ¥ per year); r is the discounting rate, being 8%; According to the publication of National
Development Reform and Commission “Chinese Economic Evaluation Parameters on Construction”
(2006), the nominal discount rate used for benefit cost studies in China is 8% which is determined by
the social economic growth, the expected inflation rate and opportunity cost of capital; n is the period,
which is assumed to be 10 years: 2003-2013.

Benefits Evaluation

From the perspective of the MAC, the benefits of centralized wastewater reuse systems involve
cost savings on fertilizers, increased water availability, increased jobs, reuse of pollutants, and raising
social awareness.

First, regarding the evaluation of benefits, applying reused water for agricultural irrigation limits
the use of fertilizers in agricultural production because reused water contains nitrogen and phosphorus,
which are crucial fertilizers for agricultural production [33]. The cost saving on fertilizers is regarded
as the economic benefits of centralized wastewater reuse (defined as L), which can be determined by
Equation (5):

lequf (5)

where 1y is the unit cost of saving on fertilizers, being approximately CNY ¥0.0225/ m? [34];
It is calculated by Beijing Water Authority through dividing the increase of agriculture production
by the total amount of reused water for agriculture irrigation; f is the amount of reused water for
agricultural irrigation, f for the plant 3 and 4 is 30,000 m® and 3000 m® each day separately.

Second, increased water availability is the most vital environmental benefit engendered by
the centralized wastewater reuse systems. The benefit associated with increased water availability
(defined as O1) could be determined by Equation (6):

O1=1ue Xeq (6)

where 1, is the monetary value of water, being CNY ¥9/ m3 [35]; Some studies use a small range
of data for the estimation of water shadow price in China, leading to a nonrigorous value [36,37];
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Compared with other studies, Liu and Zou (2014) take extensive data for their estimation, including
data from the nine major Chinese river basins and data from agriculture, industry, commerce and
service, and thus its result is used in the study [37]; e; is the amount of reused water, e; for plant 3 and
41is 470,000 m3 and 60,000 m3 each day separately.

Third, the operation of centralized wastewater reuse systems typically requires many workers,
thus resulting in the creation of numerous jobs and the improvement of the employment rate of
the regions containing such systems. The social benefit of employment increase can be determined
through employment elasticity which is a ratio of employment growth to economic growth. If the
employment elasticity is 0.1, that means an economic growth of 1% increases employment by 0.1% [38].
There are many research discussing the employment elasticity of China. Largely the employment
elasticity of the eastern China is estimated to be around 0.3, which is taken to present the employment
elasticity of Beijing, because of data limitation [38,39]. It is assumed that the economic growth related to
employment increase could be the social benefit value of job creation. The social benefit (defined as J;)
can be determined by Equation (7):

h=%xY @)

where is f§ is the ratio of employment growth to economic growth, being 0.3 [38,39]; w is the number
of increased jobs in the plant, w for plant 3 and 4 is 30 and 20 persons separately; W is the total
employment amount of Beijing (person); and Y is the gross domestic product of Beijing (CNY ¥).

For centralized wastewater reuse system, methane gas produced in anaerobic digestion and
pollutants of wastewater reuse systems in Beijing are not reused; consequently, the benefits of the reuse
of pollutants are not considered in the study. Moreover, users do not readily gain a clear perception
of whether the water is tap water or reused water because the reused water can be obtained easily
from direct distribution. Therefore, the benefit of raising social awareness is not evaluated. The total
benefits of centralized systems (defined as Bg1) is determined through Equation (8). It is similar to the
cost evaluation that the present values of benefits are calculated.

n Ll n Ol
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4.1.2. Decentralized Systems

Cost Evaluation

From the viewpoint of the government, decentralized systems may engender initial investment
costs, O&M costs, health risks, noise pollution, and air pollution. Similar to the centralized systems,
the initial investment and O&M costs are essential costs to society, and they should thus be considered.
The initial investment cost of plant 1 and 2 are CNY ¥3.5 million and CNY ¥5 million.

Second, as decentralized systems are generally constructed close to residents, the noise
and unpleasant smell generated during wastewater treatment processes can cause negative
effects. However, the unpleasant smell can be eliminated through the use of ventilation systems,
thereby reducing the effects on the residents. Hence, this study evaluates only noise pollution. It is too
complicated to estimate the noise pollution directly, and thus the result of the literature is employed.
Liu (1999) finds that the noise pollution cost in Dalian city is around CNY ¥108 per person each year [40].
Because the evaluation period of this study is from 2003 to 2013, the estimated noise pollution cost
by Liu (1999) could be used. According to the statistical yearbook, the income of Beijing’s resident is
1.5 times higher than the income of Dalian’s resident. Moreover, the ratio of the consumption of Beijing
to Dalian is also 1.5. Therefore, we assume that the noise pollution cost of Beijing is 1.5 times higher
than the one of Dalian city. The noise pollution cost in Beijing is determined to be CNY ¥162 per person
per year. Therefore, the environmental cost of noise (defined as N3) can be derived by Equation (9).
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Ny =Cy, xu (9)

where C, is the unit noise pollution cost, being CNY ¥162 per person per year; u is the number of
affected people due to the plant (person).

Third, similar to the centralized systems, using the reused water from the decentralized systems
for toilet flushing and green land irrigation may lead to human health risks. The determination method
has been explained in the cost evaluation of centralized plants. The cost of health risks of decentralized
plants (defined as Hy) can be calculated by Equation (10):

Hy =dxkxqxp; (10)

where p; is probability of DALY associated with the decentralized wastewater reuse plants (%).
Therefore, the total cost of the decentralized plant (defined as Cg,) can be calculated as follows:
n I\[2

C I+f M, +y +f Ha
G2 — 12 P ——
Sa+nt Sa+nt Sa+r)

where I is the initial investment of decentralized plant (CNY ¥); M, is the O&M cost of decentralized
plant (CNY ¥ per year).

(11)

Benefits Evaluation

Regarding the evaluation of benefits, the benefits of a decentralized system comprise cost
savings on constructing pipes, cost savings on water distribution, cost savings on water purification,
increased water availability, and raising social awareness. Compared with centralized wastewater reuse
systems, decentralized systems require shorter distribution pipes for reclaimed water, thus reducing
the considerable costs associated with pipe construction. Because the capacity of a decentralized
system is generally limited, the cost savings on water purification and distribution are extremely small
and can be ignored in the current analysis. Therefore, only the benefit of cost saving on constructing
pipe (defined as X») is considered, which can be determined by Equation (12):

X, =Cp xL (12)

where Cj, is the unit pipe construction cost, being CNY ¥2000 per meter; According to interviews with
officials of the Beijing drainage group, the unit value of pipe construction cost is between CNY ¥2000
and 20,000 per meter; We take the least unit cost value CNY ¥2000 per meter; L is the pipe length
(meter), determined by the distance between the closest centralized plant and the studied decentralized
plant which is also the location of user; It assumes that the reclaimed water would be provided by the
closest centralized plant, if no decentralized plant is available.

Similar to centralized plants, the benefit engendered by increased water availability
(defined as Oy) can be determined by multiplying the monetary value of water (i) by the amount of
reused water, as presented in Equation (13):

Oy = Uy X 3 (13)

where e; is the reused water amount of decentralized plant, e, for plant 1 and 2 is 65 m? and 400 m>.

Finally, decentralized systems are established beside construction sites or in living areas. Users in
such areas are adequately informed about the existence of wastewater reuse plants nearby and can
use the reused water. Such information enhances users’ awareness concerning water saving, resulting
in cost savings on the implementation of awareness rising campaigns. Therefore, the cost savings
on campaigns can be regarded as the social benefits of raising social awareness on water saving
(defined as Ay), which is determined by Equation (14):

Ay =axj (14)
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where a is the average cost of public campaign in water sector in Beijing, being around CNY ¥2,780,000
each year [41]; j is the ratio of number of users to the total population of Beijing (%).

Therefore, the total benefit of a decentralized plant (defined as B;) can be calculated by using
Equation (15):

1 @) L A
BG2:X2+Z 2 2

15
Ly " haasy 1)

4.2. Perspective of the MEPB

As one of the stakeholders involved in wastewater plant management, the MEPB focuses on the
environmental effects of wastewater reuse systems. The cost benefit factors are shown in Table 2. To the
best of our knowledge, wastewater reuse systems can effectively save water resources, leading to the
environmental benefit of increased water availability. Nevertheless, such plants can induce negative
environmental effects. Centralized systems can produce high energy consumption as well as noise
and air pollution, whereas decentralized systems can engender noise and air pollution. As mentioned
previously, the noise pollution and air pollution levels generated by the centralized systems in the
studied cases are extremely low and thus neglected. The air pollution generated by the decentralized
systems is also not significant in the study.

Table 2. Cost benefit factors from the perspective of the MEPB.

Centralized Systems Decentralized Systems
Carbon d19x1de emission (E7) Noise pollution (N:)
Cost (Cg) Noise pollution Air pollution
Air pollution p

Benefits (Bg)  Increase of water availability (O1)  Increase in water availability (O,)

4.2.1. Centralized Systems

n

The cost Cpp = 21 (1ilr)” the estimation of E; is shown in Equation (1); and the benefit
t=

n
Bpr = ), ﬁ, the estimation of O; is shown in Equation (6).
t=1

4.2.2. Decentralized Systems

n

The cost Cpp = 21 %, the estimation of N, is indicated in Equation (9); and the benefit
t=

n
Bpy =Y %, the estimation of O, is shown in Equation (13).
t=1

4.3. Perspective of Plant Managers

From the perspective of plant managers, the financial performance of plants is their main concern.
Specifically, plant managers consider only economic factors, rarely paying attention to environmental
and social effects. As shown in Table 3, the centralized and decentralized systems possess the same
cost factors. The costs include initial investment and O&M costs. The initial investment costs of the
centralized systems include the costs of construction, demolition and relocation, preparation, interests,
and others, whereas those of the decentralized systems include only the initial cost of construction.

The benefits of centralized and decentralized systems are both represented by the revenue from
reused water charges and subsidies (Table 3). The usage of the reused water is charged at different rates
set by the government (shown in Table 4, which consists of the revenues of plant managers. For most of
the decentralized systems in Beijing, the buildings and equipment are subsidized; in certain instances,
the O&M cost is also subsidized yearly such as plant 2 getting the subsidies of CNY ¥146,000 per year.
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Some centralized systems gain subsidies on their initial investment costs. For example, plant 1 and
plant 3 are subsided CNY ¥0.3 million and 123 million at one time.

Table 3. Cost benefit factors from the perspective of plant managers.

Centralized Systems Decentralized Systems
Cost (Cp) Initial investment (I7) Initial investment (I)
P O&M cost (M7) O&M cost (M)
. Revenue (R1) Revenue (Rp)
Benefits (Bp) Subsidies (51) Subsidies (S;)

Table 4. Comparison of reused water and municipal tap water price (CNY ¥/m3).

Domestic  Landscape  Industrial Power Generating Plant

Reused water 1 0.9 1.5 0.9

Municipal water 4 4 4.5 4.5

4.3.1. Centralized Systems
The cost (defined as Cpy) can be calculated using Equation (16):

n
M
= 1+Z 1+1r)

(16)
The benefits (defined as Bp1) can be calculated using Equation (17). Plant 1 obtains subsidies for
initial investment while plant 2 have not subsidies.

Bp1 =)

S+ o 17

4.3.2. Decentralized Systems

The cost (defined as Cpy) can be calculated using Equation (18):

—12+Z

The benefits (defined as Bpy) can be calculated using Equation (19). Plant 3 is subsidized for initial
investment, while plant 4 is subsidized each year.

B n R, n S,
_§(1+r)t+t§(l+r)t (19)

(1+7) (18)

4.4. Perspective of Users

From the perspective of users, money saving through the use of reused water is the main benefit,
and health risk, noise and air pollution is the main cost, as shown in Table 5. Because users of the
centralized systems are located anywhere in the city, they incur only health risks associated with
the use of the reused water. However, those of the decentralized systems reside beside the plants;
the plants can expose the users to noise pollution, unpleasant smell, and health risks. In this study,
the unpleasant smells have no considerable effects on users and are thus neglected.
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Table 5. Cost benefit factors from the perspective of users.

Centralized Systems Decentralized Systems
Noise pollution (N»)
Cost (Cp) Health risk (Hq) Health risk (H)
Air pollution
Benefits (Bp) Money saving (1) Money saving (m;)

Table 4 lists the price difference between reused water and municipal tap water in Beijing in
2013, signifying that the average difference is approximately CNY ¥3/m?3. Users are charged the same
price for the use of reused water, regardless of whether the water is obtained from the centralized
or decentralized systems. Hence, for both the centralized and decentralized systems, the benefits of
money saving (defined as m and mjy) are the same, that is m; = my, which is CNY ¥3/ m3. However,
the users of plant 2 do not receive benefits, as the users are university students and faculties who do
not need to pay for the reused water.

4.4.1. Centralized Systems

The cost (defined as Cy1) can be calculated as shown in Equation (20):

Cur = Hi/Q (20)

where Q; is the amount of reused water of centralized plants for domestic and landscape usage; H; is
the cost of health risks which is evaluated by Equation (2).
The benefit (defined as Byj1) can be determined using Equation (21):

By = my (21)

4.4.2. Decentralized Systems
The cost (defined as Cy12) can be calculated through Equation (22):

N> + Hp
Q2
where Q, is the amount of reused water of decentralized plants for residential and landscape usage;
N is the environmental cost of noise (calculated by Equation (9)); and Hj is the cost of health risks

(calculated by Equation (10)).
The benefit (defined as Byj,) can be determined through Equation (23):

Cuz = (22)

Buz = my (23)

5. Results and Comparative Analysis

The quantitative analysis results are used to conduct comparative analyses, which are divided
into two parts: comparison among the results of different stakeholders and comparison between the
centralized and decentralized wastewater reuse systems. Table 6 presents the cost and benefit values,
ratio of benefits to costs, and economic feasibility of each studied plant, which are determined by the
equations introduced in Section 4. The economic feasibility depends on the benefit cost ratio: If the
ratio is higher than 1, the concerned plant is considered economically feasible; otherwise, it is not
economically feasible. For comparing easily, all results are represented by unit value, namely total
values are divided by reused water amount (CNY ¥/ md).
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Table 6. Results of quantitative analysis.

Decentralized Plants Centralized Plants
Plant 1 Plant 2 Plant 3 Plant 4
Capacity (m3/ day) 65 400 470,000 60,000
From the perspective of MAC
Cost (CNY ¥/m?) 14.8 3.4 0.4 0.5
Benefits(CNY ¥/m?) 67 18.5 3 3
Ratio of benefits to cost 45 5.4 7.5 6
Economically feasible Yes Yes Yes Yes
From the perspective of MEPB
Cost (CNY ¥/m?) 0.14 0.007 0.009 0.0009
Benefits (CNY ¥/m?) 1.7 1.93 1.47 1.47
Ratio of benefits to cost 12.35 259 167 1697
Economically feasible Yes Yes Yes Yes
From the perspective of plant managers
Cost (CNY ¥/md) 145 35 0.39 0.5
Benefits (CNY ¥/m°) 1.9 1.3 0.6 0.9
Ratio of benefits to cost 0.13 0.37 1.5 1.8
Economically feasible No No Yes Yes
From the perspective of users
Cost (CNY ¥/m?) 0.34 0.02 0.05 0.02
Benefits (CNY ¥/m?) 3 0 3 3
Ratio of benefits to cost 8.8 0 60 150
Economically feasible Yes No Yes Yes

5.1. Comparison among Different Stakeholders

Table 6 indicates that the results derived from the perspectives of the MAC and MEPB are similar,
whereas those derived from the viewpoints of plant managers and users are different. From the
perspectives of the MAC and MEPB, both centralized and decentralized wastewater plants are
economically feasible. The MAC has extensively promoted wastewater reuse systems because such
plants positively influence society. Moreover, both wastewater reuse systems evaluated in this study
are environmentally friendly because the environmental benefits are considerably higher than the costs.
From the perspective of the MEPB, the benefit cost ratios are higher, particularly for middle-sized
plants such as plant 2 (capacity: 400 m®) and plant 4 (capacity: 60,000 m3).

From the perspective of plant managers, the ratios of the centralized plants are higher than
1, whereas those of the decentralized plants are lower than 1. The management of plants 3 and 4
can obtain benefits of CNYY ¥0.6/m3 and CNY ¥0.9/m3. Although the benefits are low, the costs of
plants 3 and 4 are only CNY ¥0.39/m3 and CNY ¥0.5/m3. The situations of the decentralized plants
are opposite; that is, they have higher costs and lower benefits. For decentralized plants, the ratios
of benefits to cost are separately 0.13 and 0.37 which are less than 1. This means that plant managers
cannot make profits when operating decentralized plants. They have not incentives to continue the
operation of decentralized wastewater reused plants.

Regarding users, the incentive on reused water relies on the high benefit cost ratios. The price
gap between reused water and municipal tap water in Beijing is CNY ¥3/m?3, which is sufficiently
high to attract users to reused water. Users including residents, industries, and electricity plants can
save a certain amount of money by using reused water. Therefore, they support and pay attention to
wastewater reuse systems in Beijing to save money, although they may incur noise pollution and health
risks. Nevertheless, the users of plant 2 are university students and faculties, who are not charged;
they do not derive any benefits, despite incurring noise pollution and health risks. Consequently,
users in public institutes would not have any interests toward wastewater reuse systems.
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For saving water, the MAC has extensively promoted wastewater reuse systems. Although such
systems may cause various effects such as noise pollution, energy costs, and residential resettlement,
they exert positive effects on society. From the perspective of the MEPB, wastewater reuse systems are
environmentally friendly. However, plant managers and users of decentralized systems have different
opinions from the MAC and MEPB. Low benefit cost ratios diminish the incentives of plant managers
to manage such systems as well as the interests of users to actually use the systems. This may be one
of the reasons for the failure of the operation of decentralized systems in Beijing, thus preventing the
objective of water saving through decentralized wastewater reuse systems from being realized.

Failure to satisfy parts of stakeholders’ main interests hinders the smooth operation of
a new system. In general, in China, new environmental management systems are extensively
promoted without the execution of integrated or systematical estimation and verification procedures,
thus resulting in the unsustainable operation of such systems. Consequently, the substantial amount
of capital for initial investment and operation is wasted, and the objective of sustainable management
cannot be realized.

5.2. Comparison between Centralized and Decentralized Systems

Table 6 also indicates that from the perspective of the MAC, the benefit cost ratios of the four
examined plants are close and higher than 1, implying that the Beijing decentralized systems have
the same positive contribution to society as the centralized systems. Accordingly, promoting both
centralized and decentralized systems is warranted.

From the perspective of the MEPB, plants 2 and 4 have higher benefit cost ratios than do the other
plants. Plant 1 creates a lower amount of reused water, in addition to exposing users to certain levels
of noise pollution and health risks. Plant 3 creates a high volume of reused water, but consumes a
substantial amount of energy. Therefore, regarding environmental effects, large decentralized plants
and small centralized plants are more feasible.

Because of the scale of the economy, the costs of centralized plants are considerably lower than that
of decentralized plants, as observed from the perspective of plant managers. For example, the economic
cost of plant 1 (decentralized plant) is CNY ¥14.5/m3, whereas that of plant 3 (centralized plant) is only
CNY ¥0.39/m?3 (Table 6). Although decentralized plants can obtain subsidies for initial investment
costs, the reused water price is not sufficiently high to cover the costs.

The price charged for the use of reused water is approximately CNY ¥1/m?, regardless of whether
the water is sourced from centralized or decentralized plants. Hence, users can obtain the same benefit
from both plant types. Because of their on-site establishment, decentralized plants may engender
noise and air pollution. Consequently, users of decentralized plants incur slightly higher costs,
compared with those of centralized plants. For example, the user cost for plant 1 (decentralized plant)
is CNY ¥0.34/m? and that for plant 3 (centralized plant) is CNY ¥0.05/m? (Table 6). Except for plant 2,
the centralized and decentralized plants have positive benefit cost ratios. The water from plant 2 is
provided to users free of charge. The O&M cost of plant 2 totally relies on subsidies, which may be
unsustainable. Because of the lack of benefits, the users of plant 2 have no incentive to support the
plant operation and use the reused water. Therefore, the sustainability of plant 2 is difficult to achieve.
However, centralized plants do not encounter this type of obstruction. Although certain users may be
not charged, other users pay the water fee continually. Not the subsidies are unsustainable but the
plants. Hence, depending on subsidies for plants’ operation is not sustainable in the long run.

In general, comparing the economic feasibility results from perspectives of the various
stakeholders between the centralized and decentralized wastewater reuse systems reveals that the
Beijing centralized systems are more economically feasible than the decentralized systems. For the
centralized systems, the analysis results of all stakeholders demonstrate that the plants are economically
feasible, whereas for decentralized systems, only the results of the MAC and MEPB reveal that the
plants are economically feasible. In Beijing, the operation of centralized systems is smoother and more
successful than that of decentralized systems in practice. Decentralized systems are confronted with
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three obstacles: (1) Not all stakeholders are satisfied; (2) charges for the reused water cannot cover
the costs; and (3) certain decentralized systems completely depend on subsidies for their operations,
which are unsustainable.

6. Conclusions

The paper quantitatively evaluates the interests of different stakeholders of wastewater reuse
systems in Beijing. Such interests comprise economic, environmental, and social effects induced
by the centralized and decentralized wastewater reuse systems. In the case of Beijing, four main
stakeholders are considered, namely the MAC, MEPB, plant managers, and users. The CBA method
is applied to determine the mentioned separately from the perspectives of various stakeholders,
and economic feasibility is used as the criterion to justify whether the stakeholders’ interests are
satisfied, which is determined through benefit cost ratios.

The evaluation results show that not all the stakeholders’ interests in wastewater reuse in Beijing
are satisfied. The interests of the MAC and MEPB are satisfied; while the interests of the plant managers
and users are not satisfied. From the perspectives of plant managers and users of decentralized plants,
numerous problems are encountered, such as high unit economic costs, unsustainable subsidies,
and insufficient user incentives, which consequently hamper the sustainability of decentralized
systems. Although the MAC has extensively promoted decentralized systems for many years in
Beijing, the operations of decentralized systems are not highly successful and smooth. The failure to
satisfy the interests of plant managers and users is a major reason for the interrupted operation of
decentralized systems.

The study of Beijing’s wastewater reuse systems demonstrates that successful and sustainable
development of a new water project requires satisfying the interests of all stakeholders. If the interest
of one of the main stakeholders is not considered, the project may be suspended or fail. Numerous new
water projects have recently been promoted and implemented by the MAC for solving water scarcity
in China. If the concerns of private mangers or users of the new projects are neglected as usual,
these new projects may not operate smoothly and continuously. Sustainable water management
cannot only depend on the construction and technological improvement. The non-technological factors
such as financial matter and user incentives should receive more attention from decision makers and
researchers in future.

Supplementary Materials: The following are available online at www.mdpi.com/2071-1050/8/11/1098/s1,
Table S1: Summary of the parameter used for determination of cost and benefits.
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