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ABSTRACT

When comparing the cost structure of different transport operators, tools standardising the expenses
an ideal efficient operator would incur in producing a specific transport service are valuable instru-
ments for private companies and public authorities. In this paper, we build a bottom-up cost model
for electric-driven rail-based regional transport services. The proposed model includes (i) transport
services production costs; (ii) maintenance costs; (iii) administrative costs and (iv) the cost of capital.
Except for the expenses for electric traction, infrastructure costs have been excluded and considered,
as frequently happens, upon an external infrastructure manager. The bottom-up approach, relying on
engineering analysis of the production process, limits the influence of past inefficiencies, typical of
methods based on historical data. The model is developed for a generic short-medium distance service;
itis then calibrated on the Italian context, thanks to disaggregating data on production collected through
questionnaires from Italian transport operators in 2012 (covering 95% of the national service).

We realised two settings, representing respectively an average performance and an ‘ideal’ best prac-
tise. To show the potentiality of the tool for policy makers, we apply the model to four case studies and
calculate the maximum economic compensation paid to transport operators for each of them. The cases
mainly differ over three fundamental characteristics: number of stops along the route, frequency and
commercial speed. The latter two result to be the most influential factors in defining the unit standard
cost. Finally, we run numerical simulations to measure the marginal impact on efficiency obtained by
modifying selected cost-driving variables and highlight the most promising interventions to enhance the
performance gains. In particular, we consider both elements under the control of operators (e.g. vehicles
and drivers productivity) and elements under the control of public authorities (e.g. average fleet age).
Keywords: bottom-up model, cost proxy models, local public transport, rail service, standard costs

1 INTRODUCTION AND RELATED LITERATURE

The transport services performance is difficult to assess, requiring complex and multi-per-
spective analysis (see [1] for recent reviews). Among all, the overall production costs repre-
sent a crucial element for the evaluation; nevertheless, when comparing the cost structure of
different transport operators, an optimal benchmark is rarely available to look at as a refer-
ence. A tool standardising the expenses an ideal efficient operator would incur in produc-
ing a specific transport service would be a valuable instrument for private companies (e.g.,
identifying possible flaws or strengths in their production) and public authorities. Indeed,
the definition of the maximum economic compensation in competitive tendering processes
or the adequate financial subsidy that should be recognised to the transport operators in case
of a direct award are challenging tasks. Rationalise those kinds of decisions, and supporting
them with scientific data, would have a significant positive effect in optimising the use of the
(scarce) public economic resources.

The concept of standard cost reflects the cost afforded by an efficient operator in producing
a local public transport service (LTP), with a specified level of quality. The efficiency levels
can be estimated statistically, based on the activities and costs of several operators (top-down
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approach), by building up the cost function of a specified service moving from the detailed
knowledge of the industrial process (bottom-up approach) and/or by combining the above
(hybrid approach). Spare works in previous literature have dealt with the specific definition
and measurement of the standard cost of LTP services, mainly focusing on bus operations
(e.g., [2-6]); while specific papers handled rail, metro and tram modes (e.g. [7-9]). Standard
costs models were used by [10] to construct a benchmark tool to fairly compare transport
mode options to serve a route and select the most preferable from the social welfare perspec-
tive (similar approach by [11]). Standard costs were explicitly adopted by the Italian Minister
of Transport as criteria to assign public funds to the local authorities.

In this paper, we present a bottom-up model to determine the standard costs associated with
the production of rail-based electric-driven regional public transports. Indeed, the rail-based
modes, especially on medium-long distance connections, are signalled by the EU as a funda-
mental element to reach long-period sustainable transport systems, along with a progressive
abandonment of diesel-traction for vehicles [12].

We estimate separately (i) operative transport costs; (ii) rolling stock maintenance costs;
(iii) administrative and general costs; and (iv) the cost of capital. Notice that among the EU
countries (including Italy), the regulation tends to formally separate infrastructure manage-
ment and service production; in those systems, the infrastructure costs are made explicit in a
toll, paid by the transport operators to have access to the network [13]. Thus, we decided to
keep out altogether the infrastructure costs from the model (i.e. construction, activation, and
maintenance), including in the perimeter just the expenses for the electric traction. We apply
the proposed methodology to the Italian context, defining the standard costs for regional
transport services (i.e. according to Italian regulation, this category refers to routes connect-
ing at most two different regions). The calibration is performed employing disaggregated
data collected in the Italian railways regional transport market in 2012. More updated data
with similar coverage are not currently available. Future steps of this research work could
be re-calibrate the model with more recent data. Eventually, we perform a simulation study
to highlight the marginal impact of efficiency gains obtained by manipulating cost-driving
variables.

The paper is organised as follows. Section 2 describe the cost model. Section 3 presents
data and results with case studies and sensitivity analysis. Section 4 concludes.

2 THE BOTTOM-UP PROXY COST MODEL
Let us consider a regional rail electric-driven service i in year t. We estimate separately: (i)
standard cost of transport services production, 5”; ordinary maintenance for rolling stock
standard costs, 5ord,man; (iii) administrative and general standard costs, Egen_a am > and (iv)
the standard cost of capital, Ccap. For the sake of readability, we use C, to indicate CW.J :
the cost of service 7 in year ¢; from now on, we apply the same conventional form to each cost
component. The standard cost of electric regional railways services can be determined as:

5 = 5tr + Cord?man + 5ge}17£1dm + 5cazp . (l)

We can then derive the standard cost per train-revenue kilometre as:

= C
Crrg = —— 2
TRK = o

where TRK is the number of train*kilometres of run services, net of out-of-service operations.
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2.1 The standard cost of transport services production

The transport services production standard cost C_‘tr is a composite indicator:

Etr = Edr\LC + 5eleftrac + Crs’ (3)
where:

° é 4 o 18 the standard cost of personnel (drivers, train conductors, security staff);
o C,. 1 1s the standard cost of traction power;

e (,, is the standard cost of the rolling stock fleet.

The standard cost of the personnel
The estimation of this cost element requires the dimensioning of the driving personnel,
train conductors and security staff. The overall costs are then calculated as follow:

Edrvfc = Ndrv 'édrv,u +1\_]drv ]\_] 5

crew crew,u’ (4)

where:

N,,, is the standard number of drivers;

N, isacoefficient indicating how many train conductors and/or security staff for each driv-
er are members of a vehicle’s crew. Usually, average values for this parameter are {1, 2, 3}.
C 4n.u 1s the yearly standard unit cost for drivers;

Cerew.u 18 the yearly standard unit cost for train conductors and security staff.

Notice that all cost of personnel also includes health and social insurance, and retirement
funds. The standard number of drivers is estimated from the drivers’ maximum gross hours
of service and an overall production need, expressed in hours of in-service and out-of-service
activities. Indeed, the calculation also takes into account the train*km produced in perform-
ing turnarounds at the end of the line or storing vehicles in depots:

— TRK +TRK
Ny == LR 5)
ngrv,u '(Speedcom 'ADJSmm )
where:
e TRK,, is the number of train*kilometres produced out of service;
e gH,, , is the standard number of gross driving hours per driver (i.e., standard driver’s

productivity). This parameter includes all hours spent driving for the service production,

including train*kilometres produced out of service;

e speed,, isthe commercial speed, calculated as the ratio between total TRK and net driv-
ing hours (i.e., hours spent in driving);

. A_DJSW’ usually with a value around 1, is a conversion coefficient shifting the commercial
speed to service speed (ratio between the train*km of overall activities performed in a unit
gross hour of service — transport production and out-of-service activities, and the train*km

of service produced in a unit hour of service).
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The standard cost of traction power
This cost item can be calculated as:
C

ele_trac

= (TRK + TR out ) ' Eele,u ’ (6)

where:

e C,,,istheunitstandard costof traction power (i.e., per kilometre), including train*kilometres
produced out of service.

The standard cost of the rolling stock
This cost item refers to the expenses for the fleet acquisition. It can be calculated as:
Cyy = Nyuin (Train,,,, |- DEPRunir, (7)

train
where:

e N, is the standard number of trains used to provide the service;

e Train,, is the standard capacity used for the service provision, counting both available
seats and standings options;

e DEPRuyi: is the standard train depreciation per unit of capacity (either seat or standing

option).
In particular, similarly to the process used to dimension the driving personnel, the standard
number of trains used to provide the service can be calculated as follows:

v _IRK+TK,,

train —

, ®)

Train prod
where:

o Trainpq is the standard number of train*kilometres produced per vehicle, including
train*kilometres produced out of service and technical escorts (i.e., standard vehicle’s pro-
ductivity). The latter component can also measure the quality of service: higher technical
escorts obviously correspond to less likely service interruptions and easier maintenance
scheduling. Nevertheless, the technical escorts dimension could also be related to the delta
requirements between service in the peak and service off-peak.

Notice that the parameter DEPR,,; takes into account standard depreciation of the rolling
stock (including rents and leasing) as well as planned cyclical maintenance, which increases
the book value of the asset (i.e. raises depreciation expenses in future periods). For this
reason, such maintenance is capitalised.

2.2 The standard cost of ordinary maintenance

A significant cost item is related to the maintenance of rolling stock; it can be calculated as:

c

= Ntrain ! Cord_man,u > (9)

ord _man
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where:
o éord,man,u is the standard unit cost of ordinary vehicle maintenance (i.e. per train, and not
per single car).

Vehicle maintenance includes the activities of cleaning, surveillance and assuring safety.
Nevertheless, equipment and spare parts acquisition, labour for in-house maintenance, main-
tenance outsourced to third parties, machinery, and other fixed assets are usually the most
significant costs components. It is worth mentioning that ordinary repairs are recorded as
expenses in the current period, leaving the assets’ book value unchanged.

2.3 The standard cost of administrative and general activities

The standard cost of administrative and general activities, C can be determined as:

gen_adm>

C (10)

gen_adm gen_adm,u’

~(¢, )¢
where:

o« C cen_adm,u 18 @ measure of the standard incidence that general and administrative activi-
ties and assets costs have on total costs; it is represented as a percentage of the transport
services production cost.

General and administrative activities and assets include, for example, economic planning and
costs control, insurance contracts, business consulting and information systems, labour cost
for the administration staff. In outline, any expenses other than those explicitly specified in
our model are altogether included in this item.

2.4 The standard cost of capital

The last item we include in our bottom-up model is the standard cost of capital, corrected
for the tax effects. The cost of capital refers to the minimum return on net invested capital
that a private company needs to reward to all financial sources providers. According to our
assumptions on the perimeter of costs and activities for the transport operators, it results that:

Ccap - cap_rs’ (1 1)
where:
o C_‘mp_m correspond to the cost of capital invested in the rolling stock.
We then can calculate the cost item as:
Ccap_rs = WACCH ’ (Crs : lrs ) ’ (12)

where:

o WACC,, is the Weighted Average Cost of Capital invested in rolling stock;
e [ isthe average age of vehicles.
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3 DATA
The proposed bottom-up model has been calibrated using certified micro-level economic data
and actual transport services information about the Italian context. The disaggregated data
cover costs, technical and environmental characteristics of the transport service production.
They were collected in 2012 through questionnaires sent to Italian rail transport operators.
The National Observatory, which monitors the transport industry performance, adopted the
questionnaires’ structure as a tool for the LPT policies.

The overall final database covers more than 217 mln of train*km (of which 168.54 mln of
train*km from electrified lines), representing 96.23% of the Italian regional railways service
production (see Table 1). Services appear to be mainly concentrated in the northern regions
and, notably, in the central areas of Toscana and Lazio (both almost completely electrified;
representing, respectively, 10.1% and 9.3% of the overall national services). The Lazio case
is particularly interesting for the presence of Rome (a city with high territorial extension and
high population density); it will be further investigated in the present paper as a case study to
test the potentialities of the proposed model.

The database is used as a base to define the standard value for each cost driver required in
our bottom-up model. In practice, we highlight three setups: a value interpolated from the
data applying a linear trend to the observed data, a value representing the average level of
efficiency observed among all the regional railways operators, and the value characterising
the best performing operator (for the specific driver). Table 2 displays the standard values
involved in evaluating the driving personnel costs, which also hints at the operators’ perfor-
mances. The incidence of revenue train*km over the total production, expressed by the coef-
ficient ADJ;_, results to be essentially the same for a well-run operator and the benchmark,
with a tendency in assuring high efficiency.

Table 1: Main characteristics of the models elaborated on the market.

Italian areas Train*km observed Train*km produced % coverage
Northern areas 112,199,293 112,532,017 99.70%
Central areas 51,428,856 53,579,796 95.99%
Southern areas 39,304,534 45,339,759 86.69%
Islands 14,389,918 14,389,918 100.00%
Total 217,322,604 225,841,492 96.23%

Table 2: Standards for the cost of the driving personnel.

Cost driver Coeff. linear reg. Averagely efficient Best performer Coeff. of variation
ADJs,,, 0.9993 0.9985 1 0.0037
8H v 594.55 652.53 1,077.31 0.22
[(h/driver)*year]

Carvu (e/ariver] 63035 60,672 41,285.71 0.115

Corowa [/staty] 2893 52,878.56 4373498 0074
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The economic cost of the rolling stock is tight to specific technological characteristics
adopted for the fleet, including vehicles size and quality. On the latter, a firm could indeed
have an incentive to invest in quality. The standardisation should then be able to avoid damag-
ing distortions, such as the ‘gold plating’ of the fleet. To this end, we assume that DEPR it
will represent an upper bound to the appliable depreciation, indicating a constraint on the
new train procurement. The calculation of the DEPR,,;; requires to specify (see Table 3):
(1) a standard and fairly representative composition of the fleet; ii) the average market values
(at 2012) for the specific needed vehicles, including the present value of the (capitalised)
planned cyclical maintenance though their life cycle; (iii) the average vehicles’ capacity
(seats and standing options); (iv) the standard vehicles’ productivity.

Notice that, since operators may use different depreciation periods for the fixed assets, the
depreciation rate has been readjusted by considering a uniform depreciation period equal
to 30 years. Therefore, the standard train depreciation per capacity unit (seats and standing
options) is identified as follow: DEPRyu: = 8,120,000/ (30 1,069) = 253.2€ /unit , where
€ 8,120,000 is an average price for vehicles typically used to run regional services (e.g.
Vivalto type, used by Trenitalia), in line with the market value indications made available by
the Italian Government.

For cost categories other than the one associated with driving personnel remuneration
and rolling stock acquisition, the distinction between the efficiency averagely showed
by the operators and the one characterising the best performer is more pronounced (see
Table 4). Finally, we compute the standard cost of capital assuming a pre-tax WACC of
6.23%. This value is suggested for railways transport by the Italian Transport Regulation
Authority [14].

Table 3: Standards for the cost of the rolling stock.

Vehicles type Seats Price per vehicle —_—
(with standings) (€) DEPR it

Electric-driven train set
with 5 double-level carriages

Vehicle productivity Coeff. linear reg. Averagely efficient Best performer Coeff- of variation

596 (1,069) 8,120,000 253.2

Trainproa 115,801 107,681.22 163,77291 02776
[km/train]

Table 4: Standards for the cost of the rolling stock.

Cost driver Coeff. linear Averagely Best performer Coeff. of
reg. efficient variation
Epwr,u [€/Km] 0.29 0.53 0.21 1.148
ord_manu [€/Km] 202,639 179,364.75 80,036.01 0.344
C 0.4016 0.4169 0.1548 0.345

adm _gen,u
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4 RESULTS
4.1 Case studies

This section shows how the proposed bottom-up model could be used by the public authori-
ties at the micro-level to define a maximum economic compensation for the transport opera-
tors. We construct four case studies representing alternative settings for the regional railway
services; the main relevant differences are due to the value assumed by the number of stops
along the path, the rides’ frequency and the commercial speed. Each case study is based on
an actual route connecting Rome’s city centre and relevant destinations in Lazio region. Table
6 collects the characteristics of the case studies regional railway services that we assume
auctioned off by the public authority. For all the cases, we assume an average fleet age (/)
of 15 years.

The number of stops actually performed along the path is a relevant indicator to identify
the offered type of service; for example, it influences the service time performance (i.e.
negative impact on the commercial speed), but at the same time, it positively affects the
level of offered level of accessibility [15]. We distinguish between dedicated and multi-stops
services. A high rides’ frequency would too increase the accessibility while increasing at the
same time production costs and complexity in management; we distinguish between low and
high frequency. The commercial speed summarises the effects of the number of stops, tracks
technical characteristics, and distance coverage. We distinguish between low speed, which
could be associated with dense services (i.e. consecutive stops close to each other) rather
than loose services (i.e. consecutive stops far from each other), and high speed. We represent
dedicated services with either low frequency and commercial speed or high frequency and
high commercial speed with the first and second cases (D-HF, D-LF). We represent multi-
stops services with high frequency and low commercial speed or low frequency but high
commercial speed with the third and the fourth cases (M-DS, M-LS).

Table 6 shows the result obtained applying our model to the case studies. Services run with
relatively slow speed and relatively short distance appear more expensive to produce. The
main factor is surely the low value of the commercial speed, limiting the efficient use of the
fleet and the drivers. Indeed, the ‘cheapest’ unit standard cost of production is associated with
the D-HF type of service, which presents the highest commercial speed in the sample. On
the other hand, the most ‘expensive’ type of service to produce is the M-DS, which present
specular drawbacks (most of all, a way smaller commercial speed).

Nevertheless, M-DS is also the service type with the greatest potential improvements in
performance: the best performer efficiency gains reduce by 46.98% the trending average unit
standard cost. The dedicated services present both a smaller distance between trending aver-
age and best performer unit standard cost of production.

We now examine the structure of costs associated with each case study, starting from
the trending average performance settings. For all the service types, the most relevant cost
element is the general and administrative costs category. Altogether, the D-LF type and the
M-LS type presents the same structure (in order, rolling stock acquisition, cost of capital,
drivers and maintenance). Instead, for the M-DS type the incidence of driver costs seems
particularly high; this could be due to both the high frequency and the short travel time. Con-
versely, the incidence of drivers costs on D-HF type is not as significant as the rolling stock-
related expenses (due to the combination of the high number of rides and ‘long’ distance).
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We now consider the best performer setting and verify how the structure of costs is not
consistent. The most relevant cost elements for all the service types are the capital and rolling
stock acquisition costs category, followed by general and administrative costs. M-LS, D-HF
and D-LF types present the same structure of costs. The relative incidence of rolling stock
maintenance costs significantly dropped, combined with a simultaneous reduction of the staff
influence. D-HF type is on the same line of cost composition, even if, again, it appears to
be mostly driven by the rolling stock category and presents more balance among the costs
categories.

4.2 Numerical simulations

The public authorities entrusting the service, or the transport operators themselves in evaluat-
ing and updating their production, could set goals for a higher efficiency level. In this section,
we show how the standard costs could vary according to those decisions. In other words,
we measure the marginal impact on efficiency obtained by modifying selected cost-driving
variables. For the sake of readability, we perform the numerical simulation considering the
multi-stops loose case only. Figure 1 gives a graphical representation of the obtained results.

At first, we focus on cost-drivers that can be considered under the transport operators’
control. In particular, we analyse the marginal impacts of changes in drivers and vehicles
productivity (respectively, gH drvat and Trainprea )» Which we showed to be the most relevant
factors in determining the standard costs. For each cost-driver, the impacts are measured
always considering all other characteristics being fixed. The grey line in Fig. 1 shows the
savings obtained when the gross driving hours per driver is progressively increased. For
instance, a 5%, 10%, 20%, 30% increment in gH drva corresponds to, respectively, 0.22, 0.42,
0.77, and 0.1.07 €/km reduction on the unit standard costs. The maximum efficiency gain
can be obtained by increasing the gross driving hours per driver by about 81%, reaching the
best performer value for the variable and savings equal to 2.08 €/km. The black line in Fig.
1, analogously, shows the savings obtained when the maximum train*kilometres produced
by a vehicle in a year are progressively increased. For instance, a 5%, 10%, 20%, 30% incre-
ment in Trainprq corresponds to, respectively, 0.39, 0.75, 1.37, and 1.89 €/km reduction
on the unit standard costs. The maximum efficiency gain can be obtained by increasing
the vehicles’ productivity by about 41%, reaching the best performer value for the vari-
able and savings equal to 2.40 €/km. The lines slopes clearly exhibit how the interventions
on the vehicles’ productivity more effectively obtain efficiency gains. Indeed, the railways
services are an asset-intensive business, rather than labour-intensive; this is despite the high
incidence of drivers on total production costs. Overall, the acquisition and management of
the rolling stock (including fleet use, traction power, train maintenance and cost of capital)
account for about 40% of the total production costs.

‘We now focus on the public authorities role. The primary aspect of the transport production
under PA control is the service dimensions, meaning the number of produced train*kilometres.
According to the literature, railways production is characterised by economies of scale, with
production systems obtaining cost advantages as infrastructure costs (which are mainly fixed
and include activation, maintenance, station power and cost of capital) are covered over a
larger scale of operation. Nevertheless, the economies of scale are accountable at the indus-
try level; instead, the focus of the present paper is the transport production, in a context for
which infrastructure costs are externalised altogether to a (not modelled) infrastructure man-
ager. Hence, variations on the produced train*kilometres vary the overall standard production
costs but do not particularly influence the unit standard cost (€/km). Public authorities can
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Figure 1: Efficiency gains/losses associated with variations in driver and vehicle productivity,
and average fleet age.

also influence and/or impose specific characteristics for transport operators fleet. In particu-
lar, they can act on the average fleet age (/,), for example, through public funds allocated for
the purchase of new vehicles. The dotted grey line in Fig. 1 shows how progressive incre-
ments in the degree of rolling stock renewal (corresponding to a reduction in average fleet
age, [ ) negatively impact the costs of production. For instance, a 5%, 10%, 20%, 30% decre-
ment in [ corresponds to, respectively, 0.11, 0.22, 0.44, and 0.67 €/km increment on the unit
standard costs. In fact, the periodic acquisition of new vehicles significantly affects the opera-
tors’ net invested capital, hence capital cost. The latter simulation highlights how requests
for increment in the quality of vehicles from public authorities (e.g. advanced infomobility
systems, comfort, noise reduction) should also be supported with extra resources allocated
to the operators.

5 CONCLUSIONS

Our paper proposes a standard cost model for electric-driven rail-based regional transport
services. The model is calibrated on actual data collected in 2012 from transport operators
active in the Italian context. We followed two settings: an average performer and an ideal
best performer. We applied the model to four case studies, verifying that frequency and
commercial speed are fundamental in dimensioning the unit standard costs. Eventually,
numerical simulation were run to test marginal efficiency gains associated with selected
cost-drivers changes and highlighted the most promising options to enhance performance.
The obtained results could offer a valuable guide for the policy makers in defining the
maximum economic compensation in competitive tendering processes or the adequate
financial subsidy for the transport operators in a direct award. The lack of more updated
data for the calibration could limit the representativeness of our results. Desirable future
steps would be to apply the analysis on new datasets on the sector and add more drive-costs
variables related to local paths characteristics (e.g. distance between consecutive stops,
infrastructure costs expressed in tolling to access).
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