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Abstract

The present paper carries out a cost benefit analysis of centralized wastewater reuse systems
in Beijing. This study consists of two parts: financial analysis and economic analysis. The financial
analysis is made from the point of view of plant manager, in which financial benefits and cost
is calculated. The economic analysis is made from the point of view of society, in which the
economic, environmental and social benefits and cost are determined. The results of financial
analysis show that the financial benefits are larger than cost, which means the centralized
wastewater reuse systems are financially feasible. It implies that the investment on centralized
wastewater reuse systems is profitable. The results of economic analysis show that the ratio
of benefit to cost is larger than 1, which means the centralized wastewater reuse systems are
economically feasible. It implies that centralized wastewater reuse systems have positive effects on
the society. From the point of view of plant manager, centralized wastewater reuse systems could
operate in a long term, while from the point of view of government or society, the centralized
wastewater reuse systems are worth to be promoted.

KEYWORDS: centralized, cost benefit analysis, economical analysis, financial analysis,
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1 Introduction

A rapidly growing urban population is one cause of the dramatic increase of water
consumption in the world. Given limited water resources available, increasing
water consumption increases demand in a way that has been called an urban water
crisis. Meanwhile climate variability adds to the water crisis.

Wastewater reuse could effectively alleviate urban water scarcity. Wastewater
reuse means reclaiming domestic wastewater and then reusing the reused water
for industry, domestic use and agriculture. The use of reused water as an
alternative water source can be a technical alternative for effective water
management because fresh water is saved for other uses. The use of reused water
may provide sufficient flexibility to allow a water agency to respond to short-term
needs as well as to increase long-term water supply reliability in urban areas
(Asano, 2001).

A centralized wastewater reuse system is used to describe a system which
collects wastewater from households, small enterprises, industrial plants and
institutions, and transports this ever-changing mixture to a wastewater treatment
plant, and then distributes reused water from the wastewater treatment plant to all
types of institutions. Centralized wastewater reuse system is relatively new in
China. For example, the first centralized wastewater reuse system in Beijing
called the Gaobeidian plant was completed in 2000.

Mostly, centralized wastewater reuse system research focuses on
technological improvement (Wilderer and Schreff, 2000; Chu et al., 2004; Asano,
2005) and cost calculations (Asano et al., 1996; Jia et al., 2005). It is rare that
there is an extensive financial and economic analyses of centralized wastewater
reuse systems. To reach a sustainable operation, a new system has to achieve both
technological and economic feasibility (Braden and Van lerland, 1999). Thus, it is
important to carry out economic evaluation on a centralized wastewater reuse
system. Through an economic evaluation, decision makers could make choices
that are consistent with the long-term wellbeing of the community.

This study will carry out economic and financial analyses of centralized
wastewater reuse systems through the method of benefit-cost analysis (BCA).
BCA is a largely accepted economic method in water management research. The
BCA method uses the principal of potential compensation by measuring the
benefits and cost generated by a plant and calculating the difference between
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benefits and cost. The effects on the gainer are regarded as the benefits and the
effects on the loser are regarded as the cost. According to modern welfare
economic theory, if the benefits caused by a plant exceed the cost, the plant is
regarded to lead to improved social welfare. This provides a benchmark for
measuring the effects and performance of a plant (Mishan, 1988).

Research takes into account the fact that different decision makers with
different points of view may have different judgments on the same event. One
effect is regarded as beneficial by one decision maker, but it can imply higher
costs to another. For example, taxes are treated as cost from a private perspective
whereas from a public perspective they are not treated as cost. In this study, plant
managers and the government, the two important stakeholders in water
management, represent the private sector and public sector separately. The plant
manager and the government should have different viewpoints on water
management. It is necessary to encompass the full range of private and public
sector concerns so as to make a valuable contribution to decision making
(Campbell and Brown, 2005).

In this study, financial and economic analyses are carried out separately from
private and public perspectives. The financial analysis takes the point of view of
individual participants, in particular the plant manager, whereas the economic
analysis takes the point of view of society, both of which are complementary in
the study. The economic analysis determines the contribution of a proposed plant
to the development of the total economy, whereas the financial analysis
determines how much the individual participant could live with the plant
(Gittinger, 1982). The framework for financial and economic analyses is
presented in Section 2.

This paper studies the centralized wastewater reuse systems of Beijing, China.
Beijing is a typical case of urban water scarcity, thus wastewater reuse is largely
promoted by the Beijing government. Section 3 introduces the centralized
wastewater reuse plants in Beijing. Section 4 explains how to implement the
financial and economic analyses of centralized wastewater reuse systems. The
results are shown in Section 5 and conclusions are drawn in Section 6.
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2 Evaluation framework

The evaluation framework shown in Figure 1 is similar to the one used in Liang
and van Dijk (2010). The research of Liang and van Dijk (2010) focuses on the
decentralized wastewater reuse systems, whereas this paper studies the centralized
wastewater reuse systems.

In the financial analysis, the financial cost and financial benefits are evaluated.
From a private perspective, the net profit from an investment is important.
Whether the plant makes money or not determines the incentive for a plant
manager to operate the plant. Market values are used directly for the
determination of the financial cost and financial benefits. The criterion in
financial analysis is whether the plant is financially efficient or not, which could
be determined by the difference between financial benefits and financial cost.

Part 1: Financial analysis

Financial cost Financial benefits

Part 2: Economic analysis

Cost Benefits

Economic Environmental Social Economic Environmental Social

Figure 1 Financial analysis and economic analysis
In the economic analysis (shown in Figure 1), major economic,
environmental and social effects are all identified and quantified. The traditional

economic method of managing water resources ignores the environmental and
social impact and only emphasizes minimizing prices and maintaining system
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reliability (Baumann et al., 1998). Water plants can have an influence on the
environment and society because they change the allocation of resources. Hence,
it is important to take the environmental and social effects into consideration. All
effects in the economic analysis are identified from a public perspective. The
monetary values of cost and benefits of economic, environmental and social
effects are required in the assessment and could be obtained through indirect
valuation methods. Transfer payments such as subsidies are not considered in the
economic analysis because they do not consume or create any new value for
society (Dahmen, 2000). The criterion in economic analysis is that whether the
plant is economically feasible or not, which is determined by the ratio of benefits
to cost.

This evaluation framework provides a systematic and complete assessment on
the centralized wastewater reuse systems, helping to effectively facilitate decision
making. Different viewpoints on the wastewater reuse system are all taken into
consideration. Additionally, environmental and social effects caused by a plant are
identified and evaluated quantitatively.

3 The centralized wastewater reuse plants in Beijing

Currently, there are five centralized wastewater reuse plants in operation or still in
construction in Beijing: the Gaobeidian wastewater reuse plant, the Jiuxiangiao
wastewater reuse plant, the Fangzhuang plant, the Wujiacun plant and the Qinghe
plant, of which the location is shown in Figure 2. Because only the Gaobeidian
plant and the Jiuxianqgiao plant have operated for several years, they are chosen
for economic and financial analyses in this study.
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Figure 2 Location of Beijing centralized wastewater reuse plants
3.1 The Gaobeidian plant

The Gaobeidian (Gao) plant is the largest wastewater reuse plant and the first
centralized plant in Beijing, operating since 2000. The design capacity of the Gao
plant is 470,000 m’/day, but at present the amount of reused water of the Gao
plant is only 300,000 m’/day. The length of the pipes for water distribution in the
Gao plant is around 24 km (BWA, 2004). The Beijing drainage group are in
charge of operating the Gao plant.

The First Electricity Factory

The Gao plant Agricultural irrigation

A 4

Green irrigation

The Sixth Water Factory | Industrial use

Residential toilet

flushing

Figure 3 The distribution of the reused water of the Gao plant
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Table 3 Use and level of treatment of water of the Gao plant

Use Quantity Treatment

(m’/day) degree
Cooling water for electricity factory 200,000 Advanced
Residential toilet flushing 20,000 Advanced
Green irrigation 30,000 Advanced
Industrial use 20,000 Advanced
Agricultural irrigation 30,000 Secondary
Total 300,000

The reused water of the Gao project is used for industrial cooling water,
agricultural irrigation, green lands irrigation and residential toilet flushing (shown
in Figure 3). Table 3 presents the quantity distributed by the Gao plant. Firstly, the
Gao plant implements the secondary degree of wastewater treatment. Around
200,000 m’ effluent water is processed further and transferred to the first
electricity factory to be used as cooling water; approximately 70,000 m® effluent
water is delivered to the sixth water factory to be processed again for water
quality improvement and then the water goes from the sixth water factory to
residential green irrigation, industrial use and toilet flushing and approximately
30,000 m® of effluent water goes to a river to be treated further through a natural
approach and then water is collected downstream for agricultural irrigation.

The level of treatment for different uses is also shown in Table 3 with the
indicators based on ‘the quality requirement of reused water’, a bulletin issued by
the Chinese Ministry of Construction. According to interviews with plant
managers, reused water of the Gao plant satisfies these water quality
requirements.

Because of the systematic promotion of wastewater reuse in Beijing, many
hotels, factories, schools and residential buildings have been equipped with the
dual pipes for water distribution: one pipe is connected to municipal water and the
other is connected to reused water. According to interviews with the property
company, pipe construction costs in 2002 in Beijing was around 25 Yuan/m? (1
Yuan = 0.16 USDS$ = 0.12 euro).

The treatment units of the Gao project are shown in Figure 4. There are (1)
and (2) directions connected to the chlorination contact tank. The (1) direction
means that water is processed to be cooling water for the first electricity factory,
and the (2) direction indicates water going to the sixth water factory. The reused
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water quality for the cooling water of the first electricity factory and the water
quality of the effluent from the sixth water factory are presented in Table 4. As
mentioned, the effluent from the sixth water factory is transferred to green land,
industry and residential area. With regard to the reused water quality for
agricultural irrigation of the Gao project, it satisfies ‘the requirement of reused
water quality for agricultural irrigation’, which is issued by the State
Environmental Protection Agency (Table 5).

Wastewater
—  pf Coarse - Influent pump | Aerated grit
Secondary Sedimentation |g—| Aeration l¢—]| Primary Sedimentation
1
1
|
]
(I Sludge treatment pump
‘L (2) The Sixth Water Factory For reuse
N > _—>
Chlorination  contact ( Polyaluminium Chloride
coagulation-sedimentation processing )
\ 4
Mechanical

accelerated

v

Chlorination contact

v

Changing voidage

v

Chlorination  contact

v

Filter

For the first electricity factory

Figure 4 The treatment units of the Gao plant
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Table 4 Reused water quality of the Gao plant

Parameter For first electricity Effluent from the sixth
factory water factory

pH 6.88 7

SS (mg/l) <2 <2

COD (mg/1) 19.78 24.12

BODs (mg/l) 1.91 N*

TP (mg/1) N* 0.48

NH4-N (mg/1) N* 4
0.18 2.32

Turbidity (NTU )

Ammonia (mg/]) 0.52 N*
N* means data are not available (Source form BWA, 2004)

Table 5 The requirement of reused water quality for agricultural irrigation

Parameter Values
pH 5.5-8.5
SS (mg/l) 100-200
COD (mg/l) 150-300
BODs (mg/1) 80—150
TP (mg/1) 5-10

(Source form BWA, 2004)

3.2 The Jiuxianqiao (Jiu) plant

The Jiuxiangiao (Jiu) plant was completed in 2004. The amount of reused water
of the Jiu plant is 60,000 m’/day. The length of the pipes for water distribution in
the Jiu plant is approximately 17 km (BWA, 2004). Similar to the Gao plant, the
Jiu plant is also owned by the Beijing drainage group.

It is shown in Table 6 that 19,200 m’® of reused water is for residential use and
30,000 m® of water is for lake or river water supplementation, 7,800 m’ is for
green irrigation and the remaining 3,000 is for agricultural irrigation. This
illustrates that reused water of the Jiu plant is mostly used for residences and
water supplementation. Compared with other uses, the amount of reused water for
agricultural irrigation is much smaller. Meanwhile, the requirements to treatment
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degree for reused water uses are shown in Table 6. Similar to the Gao plant,
reused water of the Jiu plant satisfies the water quality standards. Figure 5 shows
the treatment units of the Jiu plant. The effluent of reused water quality is

presented in Table 7.

Table 6 Use and level of treatment of water of the Jiu plant
Use Quantity (m’/day) Treatment degree
Residential use 19,200 Advanced
Lake or river water supplementation 30,000 Advanced
Green irrigation 7,800 Advanced
Agricultural irrigation 3,000 Secondary
Total 60,000
Wastewater
—  »| Coarse L Influent pump L Aerated grit
.
Secondary Sedimentation |g—{ Aeration l¢— Primary Sedimentation
E_ _- Sludge treatment pump
Filtered
A For reuse
Chlorination  contact > Mechanical g Rapid > vater . >
accelerated reservoir
Figure 5 The treatment units of the Jiu plant
Table 7 Reused water quality of the Jiu project

Parameter Values

SS (mg/1) <5

COD (mg/1) 5-15

TP (mg/1) <1

TN (mg/1) <10

NHy4-N (mg/1) 2

Turbidity (NTU) <5

(Source from Zhang et al., 2007)
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4 Financial and economic analysis of centralized wastewater
reuse systems

4.1 Financial analysis

The financial analysis concerns the evaluation of the financial cost and benefits.
The financial cost includes initial investment (defined as Uj;), operation and
maintenance (O&M) cost (defined as Upgar). All components contributing U; and
Uoewm are shown in Egs. (1) and (2), respectively:

U, =U.+U,+U,+U,+U, (1),

! U
U = ! 2
o&M ;(m)’ @

where Uc, Up, Up, Ug, and Up are the initial costs of construction, demolition and
relocation, preparation, interest and others, respectively. U, is the O&M cost
occurring in year ¢; r is the discounting rate; » is the evaluation period (number of
years).

According to the publication “Chinese Economic Evaluation Parameters on
Construction” (National Development Reform and Commission, 2006), the
nominal discount rate (r) 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. Inflation rates in China for the years 2007 and 2008
were 4.8% and 5.9% (China Statistical Yearbook, 2007, 2008). The evaluation
period (n) is assumed to be 20 years. To avoid making risky estimates of future
inflation rate and to simplify the analytical procedures, we use constant values
rather than current values on cost and benefits, and assume that inflation will
affect the values of all cost and benefits equally (Gittinger, 1982).

The financial benefits of a plant are represented by the income from the plant,
including revenue from reused water charges and subsidies. In terms of its usage,
the reused water is charged at different rates. Table 8 shows the latest reused water
rates in Beijing, which is set by the government. According to the interviews with
the officials of the Beijing Water Authority, the rate is determined in terms of the
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average wastewater reuse cost and municipal water rate. They hope that the rate
for reused water should be higher than the unit cost of wastewater reuse so that
the revenue can cover the cost. Meanwhile, the rate of reused water should be
lower than the rate of municipal water so that reused water is an attractive option
to users.

Based on the data of Tables 3, 6, and 8, the revenue of the Gao plant and the
Jiu plant can be calculated. Subsidies are an important source of income for
wastewater reuse plants. In this study, only the Gao plant obtained subsidies on
the initial investments from the Beijing municipal government.

Table 8 The charge rates of reused water (Yuan/m®)

Usage Domestic Landscape Industrial Power generating
plant

Charge 1.2 0.8 1.5 0.9

rates

The ratio of financial benefits to financial cost is the criterion to determine
the financial feasibility of the plant. If the ratio is larger than 1, it means that the
plant is financially feasible. Otherwise, the plant is not financially feasible. The
financial cost, financial benefits and ratio are calculated by Egs. (3) to (5),
respectively:

fcpv =U, +Upsy (3),

I LI
=1 (l-l-?')

and

fbpv
Vo e :fc_ (5)

pv

Where fc,, is the present value of financial cost; fb,, is the present value of
financial benefits; fb, is the revenue occurring in year #; fby 1s the subsidies for
initial investment, 7, 1s the ratio of financial benefits to financial cost.
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4.2 Economic analysis

Table 9
Economic, social and environmental effects of centralized wastewater reuse
Items All possible effects Whether it is
considered in

the paper
Economic cost Initial investment Yes
Operation and maintenance cost Yes
Environmental Carbon dioxide emission Yes
cost Noise pollution No
Air pollution No
Social cost Health risk Yes
Residential resettlement Yes
Economic Cost saving on fertilizers Yes
benefits Reuse of pollutants No
Reuse of methane gas No
Environmental Increase of water availability Yes
benefits Increase the water level of the rivers No
Avoidance of overexploitation of water-bearing resource No
Social benefits Raising social awareness No
Increase of jobs Yes

As shown in the evaluation framework (Figure 1), economic, environmental
and social effects are all taken into consideration in the economic analysis. In
terms of the literature and interviews with the officials of the Beijing Water
Authority, economic, social and environmental effects caused by centralized
wastewater reuse systems are listed in Table 9 (BWA, 2002a; BWA, 2002b; Asano,
2005; Hernandez et al., 2006). It is worth noting that not all the effects listed in
Table 9 will be included in the economic analysis. Only the major economic,
environmental and social effects are selected and quantified using monetary
values. The reasons for selecting certain effects and how to determine their
monetary values are explained below.

First of all, from a point of view of society, construction, operation and
maintenance are seen as consumption of scarce resources, thus initial investment
and O&M cost are included in the economic cost evaluation, which are the same

12
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components contributing to the financial cost.

Generally, we take the economic value of each category. However, as there
are not many traded items in the initial investment and the operation and
maintenance cost for urban wastewater reuse and there are not large distortions in
market prices of wastewater treatment construction in Beijing, market prices
could be used directly for the calculation of economic cost in the study. The
economic cost (defined as c¢y) can be obtained by adding the present values of
initial investment (u;) and O&M cost (1o&n), shown in Eq. (6).

Cp = +Upgy (6)

Second, large energy consumption of a centralized wastewater reuse plant could
result in negative environmental influences. As centralized wastewater reuse
systems generally have a large scale of wastewater treatment, the energy
consumption for wastewater reuse is vast. There is a high carbon dioxide emission
during the process of energy generation, and carbon dioxide emission becoming a
greenhouse gas leads to a negative environmental impact. Moreover, it is listed in
Table 9 that the environmental cost includes noise and air pollution. However, in
this study, the noise and the stench generated by wastewater reuse cannot cause
significant effects because centralized wastewater reuse plants are generally
constructed in the suburban areas where there are few people living. The effects of
noise and bad smell are hence not considered in the study. Therefore, only the
environmental cost of carbon dioxide emission is considered in the analysis of
environmental cost.

Although there are other emissions during the process of energy generation
such as sulfur dioxide and nitrogen oxides, the amount of carbon dioxide emission
accounts for around 60% of total emission from energy generation (Skeer and
Wang, 2005). To simplify the study, only the effect of carbon dioxide is taken into
consideration. The energy generation could be coal power, petroleum power, gas
power and wind power. In China, 70% of energy consumption is from coal power
and the majority of carbon dioxide emissions result from coal combustion
(Dahowski et al., 2009). Thus, we assume that 70% of the energy for wastewater
reuse in centralized wastewater reuse systems in Beijing is from coal power.
Owing to the small quantity, the effects caused by the remaining 30% of energy
generation is neglected. Hence, only the carbon dioxide from coal power is
calculated for environmental cost.

The primary environmental effect caused by carbon dioxide emission is
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climate change which is an issue at present. But the social impact of climate
change is complex and difficult to evaluate because of the uncertainty of climate
change. In the literature, indicators considered in various studies are different and
even the values for the same parameters such as the discounting rate used for
discounting the existence of carbon dioxide are very different (Skeer and Wang,
2005; Tol, 2005, 2008). The social impact of climate change could be regarded as
the ‘damage cost’ of carbon dioxide. Tol (2005) found that the estimated results of
the ‘damage cost’ of carbon dioxide in the existing studies ranged from $5/ton to
$400/ton carbon dioxide. Tol calculated the mean value of marginal ‘damage cost’
in the peer-reviewed literature as $50/ton carbon dioxide (Tol, 2005). Thus, we
take the mean value of marginal ‘damage cost’ $50/ton (350 Yuan/ton) carbon
dioxide as unit environmental cost of carbon dioxide (defined as u,) in this study.
According to the literature, the unit carbon dioxide emission (defined as d) in a
coal power plant is approximately 800 g/kWh (Skeer and Wang, 2005). Thus, the
total amount of carbon dioxide emission due to energy consumption in centralized
wastewater reuse systems could be obtained through multiplying 70% of the
energy consumption (defined as g) and carbon dioxide emission (d). Hence,
environmental cost (defined as c¢.) can be obtained by multiplying the unit
environmental cost per carbon dioxide emission (u#;) and the amount of carbon
dioxide emission, and is mathematically expressed as:

c,=u,xgxd (7)

Third, reused water may contain a certain quantity of pathogens. When water is
used for green and agricultural irrigation, the pathogens in reused water can cause
a negative effect on human health, directly or indirectly (Christova-Boal et al.,
1996; Ottoson and Stenstrom, 2003). Thus, wastewater reuse systems can lead to
social cost of health risks.

Economists use different methods to value health effects, such as contingent
valuation methodology and adjusted human capital methodology. Because of
inherent limitations, these economic methods have to be applied to big samples
with a large amount of data. We use an indirect valuation method to assess the
health effects of wastewater reuse. The Disability Adjusted Life Year (DALY)
index is taken as a measurement unit for the effect on human health. DALY is an
index of health risk, developed by the World Health Organization (WHO) and
World Bank. One DALY corresponds to one lost year of healthy life and the
burden of diseases to the gap between current health status and an ideal situation

14
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where everyone lives with no diseases and disabilities (WHO, 2007). DALY is
used in many studies for measuring health effects. For example, Aramaki et al.
(2006) found that after building wastewater treatment units, the disease burden of
a community changed from 60 DALY per year to 5.7 DALY per year (Aramaki
et al., 2006). In our study, DALY is a bridge to convert the monetary value of
health effects from the national level to the scope of a small project. Moreover,
diarrhea is assumed to be a negative health effect caused by wastewater reuse in
this study. Diarrhea is the largest contributor to the burden of water-related
illnesses (OECD, 2007).

The social cost of health risk (defined as c¢,;) can be calculated by Eq. (8). The
origin of such a calculation method for social cost is explained as follows.
Through the contingent valuation methodology, the World Bank values the total
health cost (defined as Cj) caused by water pollution in China, which is
approximately 14.22 billion Yuan each year (World Bank, 2007). In terms of the
figure of the WHO report (2004), the total estimated DALYs (defined as M)
caused by diarrhea is 5,055,000 DALYs each year. The DALY cost rate (Cy/M) is
calculated to be 2813 Yuan per DALY per year. The product of DALYs rate
(defined as R) and population number (defined as K) gives the total DALYs of
Beijing. As a result of missing data, the DALY's rate of Beijing (R) is determined
by the DALY rate of China, which is 389x10° DALYs per person (WHO, 2004).
The registered permanent population living in Beijing central district is 2.25
million. It is supposed that the DALYs of Beijing resulting in diarrhea is caused
by total reused wastewater. As mentioned, using reused water for green land
irrigation and for agricultural irrigation may cause a health risk. Accordingly, the
probability of DALYs due to the wastewater reuse plant (P) could be represented
by the ratio of the reused water amount for green and agricultural irrigation to the
total amount of reused water in Beijing.

csi =Cu/MXxRxKxP (8)

Pipe construction is an important and difficult part of the construction of a
centralized wastewater reuse plant. In addition to a high expenditure on pipe
construction, there are serious social influences caused by pipe construction.
According to interviews with the officials of the Beijing Water Authority, 60% of
the distribution pipes of centralized wastewater reuse systems are constructed
through demolition and relocation and 40% of pipes are constructed following
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rivers. There are severe effects on society when pipes are constructed through
demolition and relocation, whereas the effects are limited when pipes are
constructed following rivers. Thus, centralized wastewater reuse plants cause
negative social effects of demolition and relocation.

Demolition and relocation can lead to changes in the road net, the destruction
of existing city buildings and residential resettlement (Camagni et al., 2002).
Because of the extreme difficulty of quantifying social cost, it is rare in the
literature that the total social costs caused by demolition and relocation in pipe
construction are evaluated. Most research focuses on financial costs such as the
compensation to people resettled in other living places (Mao, 1966; Malpezzi,
1999; Osman et al., 2008). It is worth noting that this study only evaluates the
main social costs resulting from the major effects. This could help to simplify the
economic determination of social cost of demolition and relocation due to pipe
construction.

Among the effects caused by demolition and relocation, the effect on
residential resettlement is the most important one, because residential resettlement
can lead to people becoming unemployed or increased cost in education,
healthcare and transportation (Luo, 2007). The effect of residential resettlement is
the most important effect considered in this study. Residential resettlement means
residents living along the line of pipe construction must move to accommodate
construction. As mentioned previously, residential resettlement can result in
various negative influences on people’s life, such as unemployment and
increasing living costs. It seems to be very difficult to evaluate all the negative
influences from residential resettlement. In the literature, the increased
transportation cost due to residential resettlement is an essential and real effect on
people’s lives (Camagni et al., 2002; Luo, 2007). Thus, only increased cost of
transportation due to residential resettlement is regarded as a social cost of
demolition and relocation, and determined in this study.

Eq. (9) shows how the increased cost of transportation due to residential
resettlement, namely the social cost of demolition and relocation (defined as c;»),
is determined. The origin of such a calculation is as follows. The increased cost of
transportation can be calculated by multiplying the average increased public
transport cost for one person (defined as u) and the affected number of people. As
public transportation is the main travel method for Beijing residents, after moving
to a new place, it is assumed that all affected residents will make one additional
transfer each day via public transportation. The transportation fees due to travel
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transfer could be regarded as an increased transport cost. The average public
transportation (including metro and bus) cost in Beijing is around 4 Yuan per
person for a round trip. We can regard 4 Yuan per person as the value of the
average increased public transport cost for one person (u). The population density
(defined as p) and the size of area determine the population affected by the
resettlement. The area can be obtained by multiplying the length of pipe
construction (defined as /) and the width, which is supposed to be 1 meter. Hence,
the product of the population density (defined as «) and the length of pipe
construction (defined as /) can be regarded as the number of people affected by
resettlement. In the Beijing Statistic Yearbook (2009), the population density of
urban areas of Beijing is 20,000 persons per square meter.

¢, =puxaxl (9)

Therefore, the total social cost (defined as ¢y) is the sum of the social cost of
health risk (c,;) and the cost of demolition and relocation (c2).

¢, =c,+c, (10)

Fourth, part of the reused water produced by centralized wastewater reuse
systems is reused for agricultural irrigation. The reused water contains nitrogen
and phosphorus which are important fertilizers for agricultural production (Wang,
2007). Taking reused water for agricultural irrigation limits the use of fertilizers in
agricultural production. The cost-saving on fertilizers could be regarded as the
economic benefits of centralized wastewater reuse. Moreover, normally methane
gas of anaerobic digestion and pollutants of wastewater reuse systems in Beijing
are not reused, the benefits of reuse of methane gas and pollutants are not
considered in the study. The economic benefit of cost-saving on fertilizers
(defined as by) could be determined through multiplying the unit cost of saving on
fertilizers (defined as uy) and the amount of reused water for agricultural irrigation
(defined as f), shown in Eq. (11). As mentioned, reused water of the Gao and Jiu
plants has reached the standard of reused water quality for agricultural irrigation
(shown in Table 5). Thus, the value of the unit cost-saving on fertilizers is
determined based on the standard quality of reused water. The Beijing Water
Authority has calculated the unit cost-saving on fertilizers as a result of using
reused water through dividing the increase of agricultural production by the
quantity of reused water for irrigation, and they found the value (1) to be
approximately 0.0225 Yuan/m® (BWA, 2002b).
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b,=u,xf (11)

Fifth, it is listed in Table 9 that the environmental benefits include the
increase of water availability, the increase in the water level of rivers and the
avoidance of overexploitation of water-bearing resources. As large quantities of
“new water” is created by reclaiming wastewater and is reused, “increase of water
availability” is an important environmental benefit. However, there are no
significant effects of “increase the water level of the rivers” and “avoidance of
overexploitation of water-bearing resources” caused by centralized wastewater
reuse systems. Although approximately half of the reused water produced by the
Jiu plant is used to supplement lakes or rivers, the quantity is too small to take
into consideration. Therefore, only “increase of water availability” makes major
contributions to environmental benefits. The environmental benefit of “increase of
water availability” is calculated by Eq. (12).

b,=u,xe (12)

where b, is the environmental benefit, u, is the monetary value of water, e is the
amount of reused water. The monetary value of water resources (u,) is estimated
to be approximately 3 Yuan/m® in Beijing by Liu and Chen (2003). Liu and Chen
(2003) combine the input-output analysis method with the linear programming
model to evaluate the shadow price of water resource. Many studies use a small
range of data for the estimation of water shadow price in China, leading to a
nonrigorous value (Wang et al., 1999; Yuan et al., 2002). However, Liu and Chen
(2003) did take extensive data for their estimation, including data from the nine
major Chinese river basins and data from agriculture, industry, commerce and
service. Thus, the estimated water shadow price of 3 Yuan/m’ by Liu and Chen
(2003) is taken into the calculation.

Finally, raising social awareness is not considered in the determination of
social benefits in this study. Using reused water could help to improve public
awareness concerning the importance of water saving. However, in centralized
systems, it is not immediately clear to the user whether the water is tap water or
reused water. Reused water could be obtained easily through direct distribution,
which is similar to the way of accessing tap water. Hence, people may not realize
that they are using reused water and public awareness about the benefits of using
reused water is not influenced.
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Turning to social benefits, the operation of a centralized wastewater reuse
system generally requires many workers so that many new jobs are created,
improving employment of the region. It is not easy to estimate the monetary value
of improved employment. Hence, an indirect valuation method is employed. The
employment elasticity (f), being the ratio of employment growth to economic
growth, is used to determine the benefit of created employment. If the
employment elasticity is 0.1, that means an economic growth of 1% increases
employment by 0.1% (Rawski, 1979; Li, 2003). Given the data, we assume that
the amount of 1% of economic growth is the social benefit value due to 0.1% of
employment growth. In terms of the literature, the employment elasticity of China
is estimated to be 0.3 (Li, 2003). Because of data limitation, we assume that the
employment elasticity of China also applies for Beijing. Given that we know £ to
be 0.3, Eq. (13) allows us to calculate the monetary value (b;) of creating new
jobs through the wastewater reuse plants. In Eq. (13), w is the number of
increasing jobs in the plant, /¥ is the total employment of Beijing and Y is the
Beijing’s GDP (Gross Domestic Product).

w

b =Wy @3
5 (13)

N

The ratio of benefits to cost (defined as 73,.) is used as the criterion for economic
feasibility. If 5, > 1, it means that the plant is economically feasible. If 7, < 1, it
means the plant is not economically feasible. The present values of the cost (c,.)
and benefits (b,,) and the ratio of benefits to cost (r.) are calculated by Eqs. (14),
(15) and (16), respectively.

n n C

Ce S
%_%+Zaﬂy+zaﬂy (14),

t=1 t=1

n b n b
b, = L+ < —+b, (15),
pv Z (1+ l/')t Z (1 + l/')t s ( )

(=1 t=1

and

b
e === (16).

va
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Table 10 Summary of the parameters on determination of cost and benefits

Definition Values Reference/source
(Gao/Jiu)
u Initial investment (million Yuan) 324/77 BWA, 2002b
Uosm  Operation and maintenance cost (Yuan) 102/36 BWA, 2002b
9; Economic cost (Yuan)
Uqg Unit environmental cost of carbon dioxide emission 350 Tol, 2005
(Yuan/ton)
d Unit carbon dioxide emission of energy consumption (g/kWh) 800 Skeer and Wang, 2005
g Energy consumption (million kWh/year) 7/1.4 BWA, 2002a
Ce Environmental cost (Yuan/year)
Cu Total health cost (billion Yuan/year) 14.22 World Bank, 2007
M Total DALYs caused by water (million DALYs/year) 5.055 WHO, 2004
DALYs rate (DALYs per person per year) 389%10° WHO, 2004
Population of Beijing (million persons) 2.25 China Statistical Yearbook, 2010
Probability of DALYs due to the wastewater reuse plant (%) 0.03/0.006 Interview, Calculate
Cs1 Social cost of health risk (Yuan/year)
u Average increased public transport cost (Yuan/person year) 1460 Interview, Calculate
a Population density (persons/km?) 20,000 China Statistical
Yearbook, 2010
l Length of pipe construction (km) 25/17 BWA, 2002a
Cs2 Social cost of residential resettlement (Yuan/year)
Cs Social cost (Yuan/year)
us Unit cost saving on fertilizers (Yuan/m?) 0.0225 BWA, 2002b
f Amount of reused water for agricultural irrigation (m®/year)  30,000/3000 BWA, 2002a
by Economic benefit (Yuan/year)
Ue The monetary value of water (Yuan/m?®) 3 Liu and Chen, 2003
e Amount of reused water (million m®/year) 109.5/21.9 BWA, 2002a
be Environmental benefit (Yuan/year)
w Number of workers of the plant (persons) 30/20 Interview
w Total employment number of the region (million persons) 6.29/8.78 China Statistical
Yearbook, 2010
Y GDP of the region (billion Yuan) 371/689 China Statistical
Yearbook, 2010
Employment elasticity 0.3 Li, 2003
bs Social benefit (Yuan)
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All the parameters used to determine the monetary value of economic,
environmental and social effects are summarized in Table 10. As mentioned
previously, subsidies are not considered in the economic analysis. The values and
reference sources of the parameters are also listed in Table 10. Because the values
of the Gao plant and the Jiu plant are different, certain parameters in Table 10
have two values.

5 Results

5.1 Results of financial and economic analysis

Table 11 presents the results of the financial analysis of the Gao and the Jiu
centralized wastewater reuse plants. It is shown in Table 11 that the initial
investment of the Gao plant was 323.52 million Yuan and that of the Jiu plant was
76.96 million Yuan. As mentioned, the treatment capacity of the Gao plant is
300,000 m’/day and the capacity of the Jiu plant is 60,000 m’/day. This means
that the scale of the Gao plant is five times the scale of the Jiu plant. Accordingly,
the initial investment of the Gao plant is four times the investment of the Jiu plant.

It is shown in Table 11 that the construction cost and the demolition and
relocation cost separately accounts for around 50% and 35% of total initial
investments. The cost of construction and demolition and relocation are the main
part of the initial investment of a centralized wastewater reuse system. Because a
substantial investment is required for the construction of a centralized wastewater
reuse system, part of the finance may need to be borrowed so that there is an
additional cost of paying interest. In this case, the Gao plant needs to pay interest
of 11.7 million Yuan (Table 11) because it has a bank loan of 200 million Yuan
(BWA, 2002a; BWA, 2002b).

Among the O&M cost, energy cost is the highest cost, accounting for
approximately 40% (shown in Table 11). As centralized wastewater reuse systems
require vast energy, the price of electricity in China will have a significant
influence on the O&M cost. In addition to energy cost, maintenance cost is a large
part of the O&M cost. For instance, the maintenance cost of the Gao plant is 3.48
million Yuan which is 35% of the O&M cost (shown in Table 11).
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Table 11 Financial analysis of centralized wastewater reuse systems

Gao plant Jiu plant
Financial cost
Initial investment (million Yuan)
Construction cost 166.31 38.33
Demolition and relocation cost 108.37 29.21
Preparation cost 11.77 5.68
Interest rate 11.70 0
Others 25.37 3.74
Subtotal 323.52 76.96
O&M cost (million Yuan/year)
Energy cost 4.39 1.45
Chemical 1.8 0.44
Maintenance 3.48 1.29
Personnel 0.72 0.48
Subtotal 10.39 3.66
Financial benefits
Revenue (million Yuan/year) 576.96 20.3
Subsidies (million Yuan) 123.52 0

The present value of all effects in the economic analysis is calculated and
shown in Table 12. Because of the large treatment capacity of centralized
wastewater reuse systems, a large quantity of reused water is generated and reused,
leading to the large amount of environmental benefits of increased water
availability. The environmental cost of the Gao plant is 19.24 million Yuan,
whereas the environmental benefit of the Gao plant is 3225.26 million Yuan. The
environmental benefits are much higher than the environmental cost, which is also
the case in the Jiu plant. The result of environmental benefits being larger than
environmental cost implies that centralized wastewater reuse systems are
environmentally friendly, although they cause serious environmental cost due to
carbon dioxide emission.

With regard to the social effects in the economic analysis, the economic value
of the cost is the same as the value of benefits. The social cost is caused by
resettlements due to pipe construction, and the social benefit is represented by the
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improvement of employment. For both the Gao plant and the Jiu plant, there is no
big difference between the values of social benefits and social cost.

Table 12
Economic analysis of centralized wastewater reuse systems(million Yuan)
Gao plant Jiu plant
Cost
Economic cost 425.53 112.89
Environmental cost 19.24 0.38
Social cost 15.28 6.4
Total 460.05 119.7
Benefits
Economic benefits 2.4 0.24
Environmental benefits 3225.26 645.05
Social benefits 5.9 5
Total 3233.6 650

Table 13 shows the results of the ratios of benefits to cost in the economic
and financial analyses. In the financial analysis, the ratios of financial benefits to
cost of the Gao plant and the Jiu plant are 1.6 and 1.7, respectively, which are
larger than 1. It means that the two plants are financially feasible. Given this
situation, the plant managers have an incentive to operate the wastewater reuse
plant. Although the construction cost and energy cost of a centralized wastewater
reuse plant is very high, its revenue is high enough to cover these costs. From the
point of view of plant managers, centralized wastewater reuse systems can be
operational in the long term.

Table 13 The results of financial and economic feasibility of centralized systems
Gao plant  Jiu plant

Financial analysis 1.6 1.7
(ratio of financial benefits to financial cost: 74.)
Economic analysis 7 54

(ratio of benefits to cost: 7.)
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In the economic analysis, the ratio of benefits to cost of the Gao plant is 7.2
which is larger than 1. Similarly, the ratio of benefits to cost of the Jiu plant is
larger than 1. This means that both the Gao plant and the Jiu plant are
economically feasible. It implies that centralized wastewater water reuse systems
have a positive influence on the welfare of society. Centralized wastewater reuse
systems produce a large quantity of new water and are environmentally friendly.
From a government point of view, centralized wastewater reuse systems deserve
to be promoted.

5.2 Sensitivity analysis

Given the uncertainty concerning the discounting rate, a sensitivity analysis is
carried out through recalculating at different discounting rates: 12% and 15%. The
results in Table 14 show that the ratio of benefit to cost becomes smaller when
discounting rate increases, but the ratio is still larger than 1. The Gao plant and the
Jiu plant are both financially and economically feasible when the discounting rate
increases from 8% to 12% and 15%.

Table 14 Sensitivity analysis based on various discounting rates

8% 12% 15%
Financial analysis Gao plant 1.6 1.4 1.2
Jiu plant 1.7 1.4 1.2
Economic analysis Gao plant 7 5.7 5
Jiu plant 5.4 4.7 4.1

6 Conclusions

The present paper carries out a benefit-cost analysis of centralized wastewater
reuse systems in Beijing. The framework of this study includes two parts: the
financial and the economic analyses. The financial analysis is carried out from the
point of view of the plant manager, whereas the economic analysis is done from
the point of view of society. The major economic, environmental and social
effects of the projects are all considered in the economic analysis.
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The results of the financial analysis show that the centralized wastewater
reuse systems are financially feasible. This means the investment in centralized
wastewater reuse systems is profitable, which could raise the incentive of plant
managers to operate the plant long term.

The results of the economic analysis show that the economic, social and
environmental benefits caused by centralized wastewater reuse plants are larger
than the cost. Thus, the centralized wastewater reuse systems are also
economically feasible. This means centralized wastewater reuse systems have
positive effects on society. From a government or society point of view, the
centralized wastewater reuse systems are worth being promoted. Moreover, the
results show that centralized wastewater reuse systems make a large positive
contribution to the environment despite the fact that they consume substantial
resources for construction and may increase carbon dioxide emissions.

From a technological point of view, centralized waste water reuse systems
producing a large quantity of “new water” could effectively relieve the pressure of
urban water scarcity (Asano, 2001). This study illustrates that from an economic
point of view a centralized wastewater reuse system is a profitable investment and
has a positive influence on the welfare of society.

References

Aramaki, T., Galal, M., and Hanaki, K. (2006). Estimation of reduced and
increasing health risks by installation of urban wastewater systems. Water
Science and Technology, 53 (9), 247-252.

Asano, T. (2001). Water from (waste) water — the dependable water resource. In
11th Stockholm Water Symposium, Stockholm, Sweden.

Asano, T. (2005). Urban water recycling. Water Science and Technology, 51,
83-89.

Asano, T., Maeda, M., and Takaki, M. (1996). Wastewater reuse and reuse in
Japan: overview and implementation examples. Water Science and
Technology, 34, 219-226.

Baumann, D D, Boland, J J and Hanemann, W, 1998. Urban water demand
management and planning, New York, McGraw-Hill.

Beijing Statistical Yearbook, 2009, Available at: www.bjstats.gov.cn/tjnj/2009-tjnj

Published by De Gruyter, 2012 25

https://doi.org/10.1515/2152-2812.1060 Published online by Cambridge University Press


https://doi.org/10.1515/2152-2812.1060

Journal of Benefit-Cost Analysis, Vol. 3[2012], Iss. 3, Art. 5

Braden, J. B. and Van lerland, E. C. (1999). Balancing: the economic approach to
sustainable water management. Water Science and Technology, 39, 17-23.
BWA (2002a). Analysis of wastewater reuse in Beijing. The Working Papers of

Beijing Water Authority.

BWA (2002b). Pricing the reused water in Beijing. The Working Papers of Beijing
Water Authority.

BWA (2004). The research of the Gao Bei Dian wastewater reuse system. The
Working Papers of Beijing Water Authority.

Camagni, R., Gibelli, M. C., and Rigamonti, P. (2002). Urban mobility and urban
form: the social and environmental costs of different patterns of urban
expansion. Ecological Economics, 40, 199-216.

Campbell, H. and Brown, R. (2005). A multiple account framework for cost
benefit analysis. Evaluation and Program Planning, 28, 23-32.

China Statistical Yearbook, 2007, Available at:
www.stats.gov.cn/tjsj/ndsj/2007/indexeh.htm.

China Statistical Yearbook, 2008, Available at:
www.stats.gov.cn/tjsj/ndsj/2008/indexeh.htm.

China Statistical Yearbook, 2010, Available at:
www.stats.gov.cn/tjsj/ndsj/2010/indexeh.htm.

Christova-Boal, D., Eden, R. E., and McFarlane, S. (1996). An investigation into
greywater reuse for urban residential properties. Desalination, 106, 391-397.

Chu, J., Chen, J., Wang, C., and Fu, P. (2004). Wastewater reuse potential analysis:
implications for China’s water resources management. Water Research, 38,
2746-2756.

Dahmen, E. R. (2000). Financial and Economic Analysis. UNESCO-IHE
Institute for Water Education, Lecture Notes HH334/00/1.

Dahowski, R. T., Li, X., Davidson, C. L., Wei, N., Dooley, J. J., and Gentile, R. H.
(2009). A preliminary cost curve assessment of carbon dioxide capture and
storage potential in China. Energy Procedia, 1,2849-2856.

Gittinger, J. P. (1982). Economic Analysis of Agricultural Projects, The Johns
Hopkins University Press (second edition).

Hernandez, F., Urkiaga, A., Fuentes, D. L., Bis, B., Chiru, E., Balazs, B., and
Wintgens, T. (2006). Feasibility studies for water reuse projects: an
economical approach. Desalination, 187, 253-261.

26

https://doi.org/10.1515/2152-2812.1060 Published online by Cambridge University Press


https://doi.org/10.1515/2152-2812.1060

Liang and van Dijk: Cost Benefit Analysis of Centralized Wastewater Reuse Systems

Jia, H., Guo, R., Xin, K., and Wang, J. (2005). Research on wastewater reuse
planning in Beijing central region. Water Science and Technology, 51,
195-202.

Li, H. (2003). A study on the relation between economic growth and employment
elasticity. Journal of Finance and Economics (in Chinese), 29, 24-27.

Liang, X. and van Dijk, M. P. (2010). Financial and economic feasibility of
decentralized wastewater reuse systems in Beijing. Water Science and
Technology, 61,1965-1973.

Liu, X. and Chen, X. (2003). The evaluation model of shadow price of water.
Technological Progress of Water and Energy (in Chinese), 23, 14-17.

Luo, Y. (2007). The Social Cost of Residential Resettlement in China. Master’s
thesis (in Chinese), Si Chuan University.

Malpezzi, S. (1999). Estimates of the Measurement and Determinants of Urban
Sprawl in US Metropolitan Areas. Working Papers, The Center for Urban
Land Economics Research, The University of Wisconsin.

Mao, J. C. T. (1966). Efficiency in public urban renewal expenditures through
benefit-cost analysis. Journal of the American Planning Association, 32,
95-107.

Mishan, E. J. (1988). Cost-benefit Analysis. London: Unwin Hyman.

National Development Reform and Commission, 2006. Chinese Economic
Evaluation Parameters on Construction (in Chinese). Beijing.

OECD, 2007. Unsafe Water, Sanitation and Hygiene: Associated Health Impact
and the Costs and Benefits of Policy Interventions at the Global Level.
Working Party on National Environmental Policies Environment Policy
Committee.

Osman, S., Nawawi, A. H., and Abdullah, J. (2008). Urban sprawl and its
financial cost: a conceptual framework. Asian Social Science, 4, 39-50.

Ottoson, J. and Stenstrdm, T. A. (2003). Faecal contamination of greywater and
associated microbial risks. Water Research, 37, 645-655.

Rawski, T. G. (1979). Economic growth and employment in china. World
Development, 7, 767-782.

Skeer, J. and Wang, Y. (2005). Carbon charges and natural gas use in china.
Energy Policy, 34, 2251-2262.

Tol, R. S. J. (2005). The marginal damage costs of carbon dioxide emissions: an
assessment of the uncertainties. Energy Policy, 33, 2064-2074.

Published by De Gruyter, 2012 27

https://doi.org/10.1515/2152-2812.1060 Published online by Cambridge University Press


https://doi.org/10.1515/2152-2812.1060

Journal of Benefit-Cost Analysis, Vol. 3[2012], Iss. 3, Art. 5

Tol, R. S. J. (2008). The social cost of carbon: trends, outliers and catastrophes.
Economics: The Open-Access, Open-Assessment E-Journal, 2, 1-22.

Yuan, R. H., Zhu, J. L., Tao, X. Y., and Mao, C. M. (2002). Application of shadow
price method in calculation of water resources theoretical value. Journal of
National Resources (in Chinese), 17, 757-761.

Wang, B., 2007. Wastewater Reuse and Reuse in Chinese Cities (in Chinese).
Available at: www.chinacitywater.org.

Wang, D. X., Wang, H., and Yin, M. W. (1999). Water resource, water resource
value, water resource shadow price. Water Resource Evolution (in Chinese),
10, 195-200.

WHO, 2004. Global Burden of Disease Report. Available at: www.who.org
(accessed 10 June 2009).

WHO, 2007. Estimating the costs and health benefits of water and sanitation
improvements at global level. Journal of Water and Health, 05(4), 467.

World Bank, 2007. Cost of pollution in China: economic estimates of physical
damages. Available at: www.worldbank.org/eapenvironment (accessed 10
June 2009).

Wilderer, P. A. and Schreff, D. (2000). Decentralized and centralized wastewater
management: a challenge for technology developers. Water Science and
Technology, 41, 1-8.

Zhang, Y., Chen, X., Zheng, X., Zhao, J., Sun, Y., Zhang, X., Ju, Y., Shang, W,
and Liao, F. (2007). Review of water reuse practices and development in
China. Water Science and Technology, 55, 495-502.

28

https://doi.org/10.1515/2152-2812.1060 Published online by Cambridge University Press


https://doi.org/10.1515/2152-2812.1060

	Journal of Benefit-Cost Analysis
	Cost Benefit Analysis of Centralized Wastewater Reuse Systems
	Cost Benefit Analysis of Centralized Wastewater Reuse Systems
	Abstract


