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STANDARDISED EVALUATION OF SHANGHAI-HANGZHOU
HIGH-SPEED MAGLEV PROJECT

ABSTRACT

In recent years, high-speed maglev systems have re-
ceived renewed attention once again. However, a systematic
and transparent approach to evaluate high-speed maglev
projects does not currently exist, which could be an ob-
stacle for their application, even with technical success.
In Germany, the Standardised Evaluation is applied as a
basis for decision making regarding the public funding of
projects. It should be implemented for all investments of
urban public transport projects with a value of more than
€ 25 million. In this paper, the economic evaluation for the
Shanghai-Hangzhou maglev project is carried out with the
Standardised Evaluation. One of the most important contri-
butions of this work is to demonstrate the applicability of
Standardised Evaluation for high-speed maglev projects.
With the Standardised Evaluation, the evidence of macro-
and microeconomic benefit can be presented in a transpar-
ent and systematic way. The result can be used to prove the
project’s profitability and to rank different projects or project
alternatives.
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1. INTRODUCTION

As a competitor of high-speed railway systems
and airlines, the application of high-speed maglev
systems (with the maximum speed of more than 250
km/h) has not been very straightforward. Currently,
the only commercially operated high-speed maglev

line in Shanghai consists of a total length of 30.5 km.
Many proposals, for example, the Shanghai-Hangzhou
maglev line, the Munich airport Transrapid line, and
the London-Glasgow line, have been cancelled and
rejected for various reasons. The greatest obstacle in
the way of implementing high-speed maglev systems
is the uncertainty of the economic benefits and costs
involved with their implementation. Both from the
macroeconomic and microeconomic points of view,
the profitability of high-speed maglev projects remain
a point of controversy.

In China the recent years have seen the develop-
ment of certain new applications on middle and low-
speed maglev lines (with a maximum speed up to 120
km/h), while high-speed maglev projects have again
been proposed. In 2011, permission was granted for
the construction of the Chuo Shinkansen project in
Japan. China, meanwhile, started a research and de-
velopment maglev project with maximum operation
speed of 600 km/h in 2016. High-speed maglev sys-
tems are expected to achieve a higher speed in opera-
tions than the traditional high-speed railway systems.

However, a systematic and transparent approach to
evaluate high-speed maglev projects does not exist as
of yet, which could be an obstacle for the application
of even technically-sound proposals. Therefore, a co-
operation project was carried out between Universitat
Stuttgart, VWI Stuttgart GmbH, and Tongji University
in 2016 with the goal of assessing the applicability of
using German Standardised Evaluation for high-speed
maglev projects, and of investigating the requirements
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to transfer the evaluation method in China. The Shang-
hai-Hangzhou maglev line is used for the case study.
During the timespan of the project, the version 2016
of the Standardised Evaluation [1] was not published.
The research was, therefore, carried out based on ver-
sion 2006 [2]. The applied “with case” and “without
case” principle (see Section 3) and the annuity meth-
od (see Section 3.1) of the two versions are the same.
In version 2016, a new component “benefit of creat-
ing additional mobility opportunities” is included in
an optional model building block. The method to eval-
uate the indicator on the balance of noise emission
is revised. The cost factors and the parameters are
updated according to the current price index in 2016
version. The verbal description and the evaluation indi-
cator E2 (see Section 3.1) are not included in the new
version. A new design of the template forms is applied
to adapt a more flexible form to IT solution. Since these
adjusted factors should be also further modified ac-
cording to the current and the forecast value in China,
the difference of the evaluation results with these two
versions should not be significant.

In this paper, the existing evaluation method and
the challenges in the evaluation of maglev projects
will be described in Section 2. The introduction of the
German Standardised Evaluation is given in Section
3. A detailed evaluation on the investigated project is
presented in Section 4. Finally, the results and further
suggestions regarding the use of the evaluation meth-
od are discussed in Sections 5 and 6.

2. EXISTING METHODS AND CHALLENGES

In recent decades, several works of research have
been carried out on the evaluation of high-speed mag-
lev projects. The benefits relating to environment, en-
ergy and economics for high-speed maglev systems
and high-speed railway systems are compared in [3].
Their operating characteristics and engineering as-
pects are evaluated in [4] with the case study of the
Beijing-Shanghai line. The investigation in [5] address-
es advantages possessed by high speed rail systems
over maglev systems, due to the small differences
between the travel time, the high compatibility of
high-speed railway, and the uncertain investment and
operating costs of maglev systems. On the contrary,
the superiority in travelling time, economic efficiency
and environmental behaviour of high-speed maglev
systems is outlined by [6]. The environmental impacts
have also been deeply investigated. The CO, emis-
sions of maglev train systems is analysed for its full
lifecycle in [7]. An evaluation of the environmental im-
pacts for the Shanghai-Hangzhou maglev project (see
Section 4.1) was published in [8], in order to address
the feedback and suggestions from the community
regarding its environmental impacts and possible pro-
tection. The above-mentioned research accumulated

plenty of experiences on the evaluation of high-speed
maglev projects. However, most of the evaluations only
focus on certain isolated aspects, and a comprehen-
sive overview and comparison between the different
systems are absent.

A multi-criteria approach is also used in some works.
In [9], weights are assigned to particular criteria with
an entropy method in order to compare high-speed
rail, transrapid maglev and air passenger transport
in Europe. In [10], the limits of traditional evaluation
methods are outlined. The high-speed maglev systems
and German high-speed railway ICE systems are com-
pared, with a multidimensional and multi-criteria ap-
proach. However, this approach is not able to create an
explicit decision for decision makers. A review of using
multi-criteria methods is given in [11], in which the dif-
ficulties of the multi-criteria approach are emphasized.
The evaluation criteria may be measured in different
dimensions, and it is a challenge to transform and in-
tegrate the criteria into one unified dimension. There
may be a rift between the preferences of stakeholders
and the produced results if the decision makers and
the involved stakeholders do not understand or agree
with the entire methodological approach.

As high-speed maglev is a new type of public trans-
port system, the parameters of the existing evaluation
methods are not specifically tailored to it [10]. As such,
the uncertainty of its evaluation is comparatively high-
er than that of other traditional transport systems.

In summary, some of the existing evaluation meth-
ods for maglev projects do not cover all the relevant
aspects sufficiently. Other methods are limited due to
their lack of transparency and comprehensibility. In
this paper, an evaluation method using German Stan-
dardised Evaluation ([2, 12]) is applied. After the in-
troduction of Standardised Evaluation, the reasons for
applying this approach will be explained in Section 3.2.

3. INTRODUCTION OF STANDARDISED
EVALUATION

The method “Standardised Evaluation of Infrastruc-
ture Investments for Urban Public Transport” (hereby
referred to as “Standardised Evaluation” in this paper)
was developed in 1980s [13]. Currently, this method
is the basis for decision making regarding the public
funding of projects according to the German municipal
traffic financing law (Gemeindeverkehrsfinanzierungs-
gesetz - GVFG). The Standardised Evaluation is to be
implemented for all investment projects with a value
of more than € 25 million. The main fields of applica-
tion for this evaluation method are for the new con-
struction of tracks for trams, subways, and suburban/
regional trains.
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The goal of the Standardised Evaluation is the
transparent disclosure of any impacts the public trans-
portation investment project may have in order to
properly assess any possible project-related conflicts.
The Standardised Evaluation also:

- provides evidence of the macroeconomic benefits
of the project and therefore, justification for it to be
funded through public funding bodies.

- demonstrates its financial impacts in the form of
microeconomic follow-up costs to the governmen-
tal awarding authorities who are financially respon-
sible for the project in the case of a deficit, and the
transportation company requesting the project to
be built.

- shows whether the project complies with the prin-
ciples of efficiency and cost-effectiveness when us-
ing public funds.

The macroeconomic impact is adequately deter-
mined, if different individual project alternatives can
be compared. Therefore, the Standardised Evaluation
(as well as other evaluation methods) use the “with
case” and “without case” principle:

- Without case: The case (in the future) without the
investment project

- With case: The case (in the future) with the invest-
ment project
When comparing the “with case” and “without

case”, other existing and planned public as well as

individual transport systems are investigated as well.

Hence, the evaluation will be carried out with addition-

al consideration given to the future development of

other possible alternatives.

3.1 Evaluation indicators and the annuity
method

In the Standardised Evaluation, the balance of
sub-indicators should be calculated in order to com-
pare the difference between the “with case” and the
“without case”. In Section 5.1, the calculation of the
balance of the sub-indicators will be described in de-
tail. At the end of the evaluation, the calculated sub-in-
dicators are combined to form the evaluation indica-
tors. Two different types of evaluation indicators are
contained within the Standardised Evaluation (version
2006), which differ in the evaluation of benefits either
on a monetary scale or in the form of a point scale:

- The evaluation indicator E1 only includes costs and
benefits in monetary form. These costs and bene-
fits are either originally in monetary form (e.g. per-
sonnel costs) or were monetized (e.g. gains in trav-
el time). E1 is calculated by comparing the benefits
(which can also be negative) with the costs (in the
form of the debt service for the project).

- The evaluation indicator E2 compares the benefits
(which can also be negative) in the form of a point
scale with the costs in monetary form (in the form
of the debt service for the project).

In addition to the two evaluation indicators, E1 and
E2, further effects of the proposed project can be de-
scribed on a purely verbal basis. However, the evalu-
ation indicator E2 and the verbal description are not
directly used to assess the macroeconomic benefits
and the eligibility of infrastructure projects and are,
therefore, not considered in this work. Since the verbal
description and the evaluation indicator E2 are rarely
used in practice, they are no longer included in version
2016 of the Standardised Evaluation.

Cost Benefit Analysis (CBA) is applied for the eval-
uation indicator E1. In CBA, the comparison of costs
and benefits are evaluated monetarily. Only the mon-
etary aspects of the investment project or the aspects
that can be monetized are considered. Some original-
ly non-monetary terms, for example, the benefits of
saved travel time, are converted in monetary terms by
using pre-defined price indexes. The CBA is the eco-
nomic version of the classic investment calculation
that aims to choose the project with the highest ben-
efits by calculating the cost-benefit ratio and the net
benefit from a set of different alternatives. Projects
with a higher cost-benefit ratio are preferable to those
with a lower cost-benefit ratio. The cost-benefit ratio
can therefore, also be useful when several projects are
to be financed from the same limited budget.

In the Standardised Evaluation, all calculations are
based on a yearly time interval. Due to this, the annuity
method is used for the calculation of the infrastruc-
ture and vehicle (capital) costs. With this method, the
net present values are distributed into average annual
amounts. If it is found that the annual cash flows are
of different values, the annuity factor (also known as
the recovery factor) is used to convert them into steady
and equal annual payments.

(1+d)"-d

SRR ey

(1)

where:

A* —annuity [CNYT;

d -social discount rate;

T -time period (e.g. service life of individual
components);

(% -the total infrastructure investment [CNY].

In this paper, the unit of monetary evaluation is
based on “Chinese yuan” (ab. CNY), since the original
data were provided in Chinese currency. In the year
2018, one CNY can be converted into 0.13 EUR.

3.2 Assessment of maglev project with
Standardised Evaluation

As discussed in Section 2, many existing methods
cannot cover all relevant aspects sufficiently during
their evaluation process. The Standardised Evalua-
tion takes into full consideration all of the effects and
impacts of public transportation projects. Both the

Promet - Traffic & Transportation, Vol. 31, 2019, No. 4, 465-474

467




Cui Y,Tritschler S, Martin U, Mo F. Standardised Evaluation of Shanghai-Hangzhou High-Speed Maglev Project

macroeconomic benefits as well as the financial im-
pacts are assessed. Therefore, the completeness and
the integrity can be ensured through this approach.

In the Standardised Evaluation, a mature and sys-
tematic approach has been established to transform
the evaluation criteria from different dimensions into
one unified dimension. For example, not only the con-
struction, operating and maintenance costs, but also
the emissions of noise or CO,, time savings, and the
impacts of accidents, can be measured as E1 in a
monetary form. The traceability is provided from the
results to the original units. In addition, other aspects
including land use, riding comfort, as well as the indi-
rect benefits for the economy and industrial develop-
ment, are measured as E2 on a point scale. Therefore,
as a comprehensive and understandable approach,
the Standardised Evaluation is suitable for the evalua-
tion of maglev projects.

In principle, the German Federal Transport Infra-
structure Plan (BVWP, Bundesverkehrswegeplan) could
also be applied, which is used to evaluate long dis-
tance public transport projects in Germany with similar
approaches to the Standardised Evaluation. However,
the Standardised Evaluation was originally developed
for evaluating urban public transport projects. Since
many maglev projects for urban public transport have
been successfully implemented in recent years, the
calibrated parameters gathered from these projects
can be directly used in the Standardised Evaluation. At
the moment, certain new high-speed maglev projects
with relatively short distances are proposed for the
purpose of demonstration and technical evaluation.

_______

In these projects, the characteristics of urban public
transport are the principle concern. For example, the
effects of integration in urban public transport for the
Shanghai-Hangzhou maglev project are investigated in
this paper. Critically, maglev projects with a high oper-
ating speed will cover a large area of an urban region.
The term “urban region” is then extended to describe
the growing urban regions (for instance in China) with
long travel distances. In addition, the new version of
the Standardised Evaluation is also adjusted accord-
ing to the current version of BVWP. Therefore, among
others, the Standardised Evaluation is adopted to eval-
uate high-speed maglev projects, rather than the Fed-
eral Transport Infrastructure Plan.

4. APPLYING STANDARDISED EVALUATION

4.1 The Shanghai-Hangzhou high-speed
maglev project

The feasibility study of the Shanghai-Hangzhou
high-speed maglev project was initiated in 2006 [14].
In Figure 1, the proposed high-speed maglev line is il-
lustrated. The blue line denotes the existing maglev
line between Pudong-Airport and Longyang-Metro sta-
tion. A green airport line was planned to connect Pud-
ong-Airport and Honggiao-Airport, which serves as an
integrated transportation hub with connections for dif-
ferent means of transport, including aviation, railway,
bus, metro and taxi. The red line should connect the
two cities, Shanghai and Hangzhou. The region along
this line has the highest population density and the

Honggiao 7z Shanghai i
i LY e
77‘%\7Irfport M oo =\ - Pudong
D Airport
=
Legend
2 — Existing line
.=~ <= | — ShanghaiHangzhou line
i ") — Airport line

Figure 1 - The Layout of Shanghai-Hanzhou high-speed maglev line
Source: SMTC et al. 2007
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highest level of economic and urban development in
China. The capacity of the existing infrastructure was
not able to meet the increasing traffic demand at that
time. In the feasibility study, the total length of the new
line is 199,434 km, including a 34,857 km airport line
(the green line) and a 164,577 km Shanghai-Hang-
zhou line (the red line).

Several benefits were expected with the implemen-
tation of this project. The planned Shanghai-Hangzhou
maglev line could provide high-speed passenger trans-
port between the two cities within 30 minutes with the
design speed of 450 km/h, which would significantly
promote the economic and social development in the
region. Inside Shanghai city, the extension of the ex-
isting line connects two airports as well as other pub-
lic transport systems. Therefore, the efficiency of the
integrated transport system would be improved due
to seamless transfer. In addition, the high-speed mag-
lev line could serve as an exemplary inter-city line for
long-distance transport. The engineering experiences
involved in these projects will be accumulated for fur-
ther research and development.

However, the Shanghai-Hangzhou high-speed mag-
lev project is very controversial. The debate around the
project not only focuses on the comparison between
the maglev and the traditional high-speed rail tech-
niques, but also concerns the environmental impacts.
The project has been suspended due to the debates
and the resistances initiated by the residents of the
area [15]. Particularly, after the opening of the Shang-
hai-Hangzhou high-speed railway line, the project has
been shelved. Only some stops are reserved in the
Honggiao Airport station and Hangzhou East railway
station.

For the proposed project, a systematic comparison
between the maglev and the high-speed rail systems
has not yet been carried out. Today, the research and
construction of maglev lines are the subjects of more
and more attention in China. Therefore, it is meaning-
ful to explore a standardised approach for evaluating
and ranking the project alternatives or competitive
projects.

4.2 The data basis of Shanghai-Hangzhou
high-speed maglev project

The evaluation is carried out based on the available
data in [14]. According to the feasibility study, the con-
struction of the project was expected to culminate in
2012. In the process of Standardised Evaluation, the
value with the annuity method is taken from the data
three years after the accomplishment of construction.
At that time, in the German context, the capacity and
traffic flow usually arrive at a stable level. However, the
period of the increasing of performance in operations
takes a relatively long time in China. Therefore, in this

paper the data in 2022, which is the end of the middle
term in [14], is taken as the benchmark for calculating
annuity.

In [14], the forecast for traffic flow is carried out with
the classical four-step model [16]. Inside the Shanghai
city, 1,059 traffic zones are modelled, covering the
whole area of the city of 6,340 kmZ2. The maglev sys-
tem is modelled as a part of the urban public transport
system, with consideration given to its integration and
the transfer with other means of public transport. A
survey of passengers is conducted between Shanghai
and Hangzhou. Furthermore, the utility function, the
modal split, as well as the induced traffic volume are
calculated. The result is used as one of the most im-
portant inputs for further evaluation.

The infrastructure planning and design are speci-
fied in detail in [14], which includes the layout of the
line, the stations, the bridges and the track structure,
the power supply system, the operation control sys-
tem, the communication system, the maintenance
plan, as well as the facilities of environmental protec-
tion and energy saving. The construction and mainte-
nance costs of the infrastructure facilities will be used
to determine the costs of infrastructure debt service
and maintenance (see Section 5.2).

The train type TROS8 is chosen, since it was at the
time of design, the only train type that has passed the
safety assessment and other required certifications in
China. The operating program is designed with consid-
eration of the integration between urban public trans-
port and inter-city transport. Two depots are set at
Honggiao-Airport station and Hangzhou East station,
with the Honggiao-Airport station serving as the over-
haul base for vehicle maintenance. In Section 5.1, the
balance of operating and maintenance costs is calcu-
lated based on the information provided in [14].

5. EVALUATION PROCESS AND RESULTS

As described in Section 3, the evaluation process
starts with calculating the balance of the sub-indica-
tors for operations and maintenance with a compari-
son between the “with case” and the “without case”.
Then, the costs of infrastructure debt service and
maintenance are determined for the “with case”. Fi-
nally the result of the evaluation is derived. As the first
implementation to assess the usability of the Stan-
dardised Evaluation, the investigation is only carried
out on the evaluation indication E1.

5.1 Calculating the balance of the
sub-indicators

The sub-indicators are evaluated at first through
calculating the operating costs of public transport,
the travel time in the form of costs, the car operat-
ing costs, the accident damages, and the costs for
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emissions. The “with case” and the “without case” are
compared in a monetary form. The balance of an in-
dicator will be calculated as the difference between
the “with case” and the “without case”. For example,
if the costs of the “with case” are less than those of
the “without case”, the balance of the indicator will be
set as a positive value, which represents the benefit
resulted from the said project.

In the Standardised Evaluation, all calculations are
based on a yearly time interval. By doing this, the an-
nuity method (see Section 3.1) is used for the calcula-
tion of the infrastructure and vehicle (capital) costs. All
other costs and benefits are determined as constant
annual amounts taken either from the cost planning
(e.g. public transportation operating costs) or from the
transportation demand model (e.g. traffic capacity in
motorized private transportation). At the same time, a
constant annual traffic demand and a uniform price in-
dex are assumed. The price index is specified as a part
of the Standardised Evaluation and serves to ensure
that evaluations from different regions and different
years can be fairly compared to one another. In addi-
tion to the price index, the requirements for conducting
the Standardised Evaluation are also described. The
price index and these requirements are updated every
few years on behalf of the Federal States of Germany.

The operating costs of the maglev project include
among others the costs of vehicle debt service, the
maintenance costs, the energy costs, and the per-
sonnel costs, which are based on the data from the
existing maglev line between Pudong-Airport and
Longyang-Metro station and simulation results pre-
sented in [14]. The calculation of the debt service per
vehicle is performed using the annuity method. Ac-
cording to [14], the service lives of the vehicles are
taken as 35 years. The total investment cost of the ve-
hicle is 7,139.19 million CNY. According to Equation 1
and taking the interest rate as 3%, the annuity factor
is 0.0510, and the annuity of vehicle debt service is
345.89 million CNY.

In the Standardised Evaluation, the time-based
and mileage-based maintenance costs for vehicles
should be taken into consideration. In [14], the annual
mileage-based maintenance costs (21.41 million CNY)
for vehicles are available. Instead of the time-based
maintenance costs, the annual material costs (20.70
million CNY) for vehicle maintenance are used in this
paper. The annual maintenance costs for infrastruc-
ture are 515.81 million CNY, the calculation of which
is described in Section 5.2.

Energy consumption in maglev systems is mainly
centred on traction, levitation, as well as air-condi-
tioning and lighting. According to simulation results,
the annual expenditure due to energy consumption in
2022 would be 294.30 million CNY. The Standardised
Evaluation system calculates personnel costs accord-
ing to certain groups of employees, including drivers,

station staff, safety staff, and train inspectors. The an-
nual personnel costs for selected groups of employees
in 2022 amount to 100.28 million CNY. As the sum
of the costs of vehicle debt service, the maintenance
costs, the energy costs, and the personnel costs,
the total operating costs for the maglev project are
1,298.40 million CNY. For the “without case”, the pre-
dicted annual costs for railway systems is 618.63 mil-
lion CNY. Therefore, the balance of public transport is
presented as -679.77 million CNY, which is the differ-
ence between the operating costs of public transport
in the “with case” and the “without case”.

The reduced costs for travel time are calculated
based on the forecast traffic flow and the travel time.
In [14], the saved costs from travel time are calculated
as:

v=(5-)6 @
where:

N -reduced costs from saved travel time [CNY];

O -passenger-kilometre in the year 2022 [pkm];

v, —velocity of other means of transport for “without
case” [km/h];

v, -velocity of maglev systems for “with case”
[km/h];

G -cost factor for saved time [CNY/h].

According to the forecast Gross Domestic Product
(GDP), the cost factor for saved time in 2022 is tak-
en as 61.39 CNY/Hour [14]. Therefore, the balance
of the saved travel time is 3,081.79 million CNY. If
some or all of the trips of car users are transitioned
from private traffic to maglev systems, the benefit is
that those car users will have a reduction in their car
operating costs. To determine these cost savings, the
length (in km) should be calculated for each saved trip
and then separated into the categories of trips within
city limits and trips outside of city limits. For both trip
types, there are different cost rates per passenger-ki-
lometre. These cost rates are calculated based on the
average operating costs of typical vehicles. However,
the required data for calculating the balance of car op-
erating costs is not yet available. The reduced costs of
accident damages are calculated in [14] as 85.96 mil-
lion CNY. This value can be applied directly as the bal-
ance of accident damages. In the Standardised Eval-
uation, the CO, and other polluting emissions, as well
as the noise pollution should be evaluated. In [14], the
benefits from the point of view of environmental im-
provement are evaluated as 168.17 million CNY. The
value is applied as the total balance of the emissions.

In Table 1, the balance of the sub-indicators to
compare the “with case” and the “without case” is list-
ed. The sum of the monetary value in the amount of
2,656.15 million CNY can be conceived as the annual
benefits of the implemented maglev project.
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Table 1 - Balance of the sub-indicators

- Monetary value

Sub-indicator [million CNY/year]
Balapce of operating costs for 679.77
public transport
Balance of saved travel time 3,081.79
Balange of private transportation Not available
operating costs
Balance of accident damages 85.96
Balance of emissions 168.17
Benefits (Sum of the monetary 2.656.15
value above)

5.2 Determination of the costs of infrastructure
debt service and maintenance

The costs of infrastructure debt service are derived
through the annuity method. The costs are calculated
for different types of infrastructure facilities. In [14],
the investment costs and the service life for the facil-
ities are provided. Taking the interest rate as 3%, the
annuity factors and the annuity can be calculated ac-
cording to Equation 1.

For some investments, an explicit service life of the
related infrastructure facilities is not available. These
investments consist of the costs for the preparation of
projects, the preparation for construction (e.g. chang-
es of roads), special costs and the costs of greenbelt
along the line. Since the service life of these invest-
ments can be regarded as infinite, the annuity factor is
taken as 0.0300, which is the interest rate applied for
evaluation. The total investments in the facilities with
infinite service life are 9,158.11 million CNY [14], and
the annuity is 274.74 million CNY/year.

Table 2 shows the items for investments, the invest-
ment costs, the service life, the annuity factor, as well
as the calculated annuity. The total annuity for infra-
structure investments is 1,318.89 million CNY/year.

Furthermore, the maintenance costs can be cal-
culated, respectively. This calculation is only carried
out for the facilities with a given service life. The cost
factor is based on the information provided in [14],
with certain adjustment according to the Standardised
Evaluation. The adjustment of the cost factors will be
discussed in Section 6. Table 3 lists the cost factor and

Table 2 - Annuity for infrastructure facilities with a finite service life

ltems In.viestment cost Service life Annuity N Annuity
[million CNY/year] [years] factor [-] [million CNY/year]
Stations 221.08 40 0.0433 9.57
Tracks 14,175.34 80 0.0331 469.20
Roads for maintenance 646.21 40 0.0433 27.98
Housing and other facilities 943.15 60 0.0361 34.05
Power supply systems 7579.02 40 0.0433 328.17
Operations control system 2780.13 30 0.051 141.79
Communication system 242.95 20 0.0672 16.33
Noise absorption 49.80 25 0.0574 2.86
Equipment and furniture 121.14 10 0.1172 14.20
Investments without service life 9,158.11 - 0.0300 274.74
Sum 35,916.93 - - 1,318.89

Table 3 - Annuity of maintenance costs for infrastructure facilities

Iltems Investment cost [million CNY/year] | Cost factor [%] | Annuity [million CNY/year]
Stations 221.08 1.0 221.08
Tracks 14,175.34 1.0 14,175.34
Roads for maintenance 646.21 1.0 646.21
Housing and other facilities 943.15 2.0 1,886.30
Power supply systems 7,579.02 2.5 18,947.56
Operations control system 2,780.13 5.0 13,900.65
Communication system 242.95 5.0 1,214.76
Noise absorption 49.80 2.1 104.58
Equipment and furniture 121.14 4.0 484.54
Sum 26,758.82 - 515.81
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the annuity. The calculated total annuity for infrastruc-
ture maintenance is used to evaluate the balance of
operating costs for public transport (see Section 5.1).

5.3 Results of evaluation

With the evaluated value for the sub-indicators and
the annuity costs for infrastructure investment, the fi-
nal evaluation results are shown in Table 4.

Table 4 - Evaluation results of Shanghai-Hangzhou maglev
project

Annual benefits [million CNY/year] 2,656.15
Annual infrastructure investment
[million CNY/year] 1,318.89
Difference between benefits and costs
[million CNY/year] 1,337.26
Benefit-cost indicator E1 (Quotient of

. 2.01
benefits and costs)

Through evaluating the planned Shanghai-Hang-
zhou project, the results show that the annuity of
the overall economic benefits exceeds the annual
infrastructure investment. The annual benefits are
2,656.15 million CNY/year, and the annual costs are
1,318.89 million CNY/year. The overall benefit of the
project amounts to more than twice its cost.

It should be noted, that the benefits of the project
have been underestimated during the evaluation pro-
cess. For example, since the data for car operating
costs are not available, the benefits of savings in that
regard are not included. Therefore, the benefits of the
Shanghai-Hangzhou maglev project may prove to be
more significant if all the required data are present.

6. DISCUSSION AND CONCLUSION

In this paper, the economic evaluation for Shang-
hai-Hangzhou maglev project is carried out according
to the German Standardised Evaluation. One of the
most important contributions of this work is to demon-
strate the applicability of the Standardised Evaluation
for a high-speed maglev project. With the Standardised
Evaluation, the evidence of economic benefit can be
presented in a transparent and systematic way. The
result can be used to prove the project’s profitability
and to compare and rank different projects or project
alternatives.

The benefit-cost indicator E1 with the value 2.01
can be perceived so that the project is worth being
supported. It will be provided as a quantity-based eval-
uation result for the decision makers. However, the
final decision also depends on the political context,
which is not included in the Standardised Evaluation.
One of the main reasons for the suspension of Shang-
hai-Hangzhou maglev project was due to the rapid de-
velopment of the conventional high-speed rail in China

after the year 2007. There are still people question-
ing whether the decision to implement high-speed rail
projects should be made after comprehensive, trans-
parent comparison and evaluation. The group that
supports high-speed rail projects believes the technol-
ogy of high-speed rail systems is relatively mature, and
the people cannot afford long-term debates leading to
the loss of the opportunity for development.

Nevertheless, the decision process related to the
political framework is beyond the scope of this paper;
the experiences of using the Standardised Evalua-
tion in Germany still show the necessity of a formal,
standardised process for evaluating different projects
or project alternatives. The indicators included in the
Standardised Evaluation will be evaluated for these
projects through a unified approach. The controversial
aspects, which cannot be evaluated objectively, can
be at first excluded from the evaluation. The benefits
and costs of the projects or project alternatives will be
compared through a widely accepted and transparent
procedure. Planners, decision makers and general
public are able to assess the feasibility and profitabili-
ty of different projects on a common basis. Meanwhile,
the experiences of applying the method will also give
feedbacks for further developments of the method.
Therefore, the acceptance and the application of the
method will be improved continuously.

The practices in Germany can also be compared
and transferred to other countries, especially China,
which has plenty of maglev projects to be implement-
ed in the next years. In [14], the Shanghai-Hangzhou
maglev project is evaluated based on the method reg-
ulated in [17]. Comparing the two approaches, a simi-
lar process is applied in collecting the static data (e.g.
determination of the investment of infrastructure).
However, there are the following main differences in
the evaluation of indicators and the selection of pa-
rameters:

1) The final evaluation indicators: With the German
Standardised Evaluation, the annuity method is
applied to compare the benefits and costs. If the
benefit-cost indicator E1 is higher than 1, an invest-
ment project can be accepted. In [17], the criterion
of acceptance is the internal rate of return being
higher than the social discount rate. In principle,
both of these approaches belong to dynamic eval-
uation. However, the benefit-cost indicator E1 is
more suitable for comparing competitive projects.

2) The selected evaluation indicators: The savings in
car operating costs are evaluated as the main con-
tribution of benefits in the German Standardised
Evaluation. The balance of savings in car operat-
ing costs has not been considered in [17] yet. The
riding comfort is used in [17] directly to evaluate
the benefit of a project. In Germany, it is used as
a qualitative E2-indicator without being included in
the cost-benefit analysis.
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3) The parameters for maintenance costs: The differ-
ence in the selected annuity factors of maintenance
costs for the two approaches is considerable. For
example, the annuity factor in [14] is 0.3%, while
the factor is set as 7% in the Standardised Evalua-
tion [2]. In this work, an intermediate value of 5% is
applied. The difference of annuity factors is caused
by the different cost structure. In [17], the costs are
calculated mainly for the expenditure on materials
and equipment. In Germany, the costs of human
power and software account for a large proportion.

4) The evaluation of environmental impacts: In Chi-
na, there is no standardised method to evaluate
the environmental impacts of a public transport
project. In Germany, the evaluation procedure and
its related parameters are specified in the Stan-
dardised Evaluation for different types of emis-
sions. Critically, the procedure also considers the
negative impacts caused by the investigated proj-
ect. The indicators can be determined through the
type and amount of energy consumption.

In recent years, the research and development of
high-speed maglev systems has been gaining increas-
ing interest. The lesson learnt in the Shanghai-Hang-
zhou maglev project indicates the necessity of estab-
lishing a systematic evaluation method in advance, in
order to provide the public and decision makers with a
comprehensive view. The work presented in this paper
can be regarded as a starting point for the evaluation
of high-speed maglev projects. The following develop-
ments are suggested in order to achieve an objective
and transparent evaluation process:

A comprehensive costs structure with the cali-
brated parameters should be established in order to
evaluate the indicators and future trends. Based on
the predicted traffic flow and the scheduled operating
program, the construction costs, the operating costs,
and the maintenance costs will be calculated, taking
the factor of time into consideration. For maglev proj-
ects in China particularly, the development of man-
power costs and the calculation of time-based and
mileage-based maintenance costs for vehicles should
be fully investigated. A research project on the main-
tenance costs for vehicles over their entire life-cycle is
now currently being carried out by the authors and a
Chinese rolling stock manufacturer.

The environmental impact plays an important role
in the evaluation process of maglev projects. The in-
vestigation should be based on the structure of energy
consumption and the emission levels in different time
periods. In [17], the evaluation method for emissions
is specified. However, the evaluation process for the
effects of CO, emissions and the effects of electro-
magnetic radiation on human health are not included.
It is necessary to standardise the evaluation of these
aspects for high-speed maglev projects in China.

During the planning process, a standardised eval-
uation method can be integrated to achieve an opti-
mised design. The final evaluation indicators should
be applied in the objective function of the optimisation
model. The effects of changing design parameters can
be directly measured in terms of the evaluation indi-
cators. For example, the final evaluation results and
the maintenance costs can be traced back to the de-
sign of the maglev trains. The sensitivity analysis in the
Standardised Evaluation will be seamlessly integrated
within the optimisation model. Hence, a comprehen-
sive designing, planning, simulation, evaluation and
optimisation model will be established through apply-
ing a standardised evaluation on high-speed maglev
projects.
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