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The Social Benefit through Modal Shifting of Cargo from
Truck to Cargo Ship in Inland Shipping *!

By Kho S. IQBAL (Student Member) *? and Kazuhiko HASEGAWA (Member)*?

A model to estimate and compare the economical feasibility and the ecological impact of the
marine transportation (cargo ships) and land transportation (trucks) in monetary values is presented
in this paper. Life cycle inventory analysis, required freight rate and the service time were used to
evaluate and compare the ecological impact and find the economical superiority. The estimation was
made for nine different routes in Japan. Finally the social cost saving in monetary value through the
modal shift of cargo from trucks to cargo ships is presented.
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1. Introduction

Besides the research for improving the technology,
searching for environmental friendly and economi-
cally feasible alternative transport modes from the ex-
isting types has become a very interesting field for

researcher. 1,2)

In some recent papers , researchers
showed some methodologies to compare the existing
transportation system from the environmental view-
point and suggested for modal shifting towards the

better one.

Individuals or the regulatory bodies concerned with
transport planning policy should use a good deal
of judgment to weigh the relative tangible as well
as hidden costs of the various modes of transport
against some other alternatives. In practice the di-
rect costs involved are usually taken in account for
planning, though recently the consideration of other
hidden costs, often called external costs, are increas-
ingly drawing the attention.

*1 Read at NewS-Tech 2002 May 23, 2002, Received
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Transport activities, like some other economic activ-
ities, affect the persons or enterprises those are not
directly involved in these activities. These are called
external effects. These effects from transport sec-
tors commonly include the effects of pollution, noise,
traffic accident, congestion, and land use. The total
cost to the society from such activities is thus com-
prised by the direct costs and the external costs. Re-
cently a number of studies have tried to determine
the marginal external costs of the use of transports,

These include the studies
7, 8)

mainly road transports.
by Sma,llg), Newbery® 5), Jones—Leee), Mayeres
Mayeres et al 9), Janssonlo), Peirson et al 11), Small
and Kazimi12), Maddison et al 13,

In this paper, considering 9 specific routes in Japan,
the ecological impact and the economic performance of
the marine transports (cargo ships) and land vehicles
(trucks) were evaluated and compared. The compar-
ison was made in monetary values. Then the social
annual monetary cost savings for modal shifting of a
specific amount of cargo from truck to cargo ship have
been estimated to show the superiority of one trans-
port mode over other. These savings were in three
forms - saving from reduced environmental burden,
direct monetary saving from less freight rate, and sav-



nHIECNE00

Inland
water
pesrd
1 e
i ]

C SR

(=]

m Stock

}?11 > [[[g=——| Point

[=] -

= T s

R

Stock % = -

URBHCHI0N

=

Inland
water
part
:E,Ll_\i .

. = g

Stack E

Point |0 R B r‘ﬁ

RS B

= s

Fig. 1 (top) Transportation system of usual inland courier service,
(bottom) proposed alternative transportation system for inland courier service,

ing in the form of time. Finding these values, the total
monetary savings possible to the society through such
modal shifting were shown.

For evaluating environmental influence, life cycle in-
ventory analysis was used to find the total amount of
substances or compounds those are emitted to the en-
vironment by the mentioned two types of transport
modes. Assessing the amount of emissions released
during the production and operation of the trans-
portation systems considered, the total hidden cost or
external cost that the transports impose to the society
was estimated. The amount of the emissions released
in the different step of life cycle of the transports was
collected from a software database and various Inter-
net resources, as it was difficult to avail from the actual
field.

Required freight rate (RFR) to attain a prefixed rate
of return on the investment was considered for the
economic comparison. Using this estimated RFR the
total direct cost involved in cargo shipment by the
transports were calculated.

For the consideration of customer service, the time
taken by the transport authority to serve their cus-

tomer was estimated for the mentioned transportation
systems. Then using specific time value, the cost sav-
ing was shown.

2. Methodology

A transportation system model similar to the inland
courier service in Japan was considered for the com-
parison here. Two alternative transportation systems
are shown in Fig. 1. For this comparison, the trans-
portation task only between the stock points was con-
sidered, because the rest of the systems for both al-
ternatives were similar. An average of 1500 tons of
break bulk-type cargo was assumed to be shifted from
truck to cargo ship for shipment, every day and both
ways, between each origin-destination pair shown in
Table 1. The particulars of the transports considered
for the comparison were shown in Table 2.

The trip times required by the transports for shipping
the cargoes were calculated according to the following

equation:

. - R t eLa
Trip time, t4ip = (; + tlmd) (1 + i“;o—y)

Where, R = route distance, v = speed (km/h),
ticad = loading and unloading time, ticiay = delay in
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Table 1 Route particulars.

Table 2 Transport particulars.

Distance in Distance in I_ | Truck | Cargo ship ]
Route Road (km) | Waterway (km) Capacity 11 tons 5000 tons
Yokohama-Fukuoka 1200 1000 Transport velocity | 50 km/h 23 knots
Tokyo-Kitakyushu 1040 1160 Loading & unload- | 2h- 8h
Tokyo-Miyazaki 1400 950 ing time
Nagoya-Sendai 700 780 Time delay 25% 25%
Tokyo-Kochi 840 730 Off hire days per | 30 ' 45
Tokyo-Tokushima 650 640 annum
Osaka-Shin Moji 550 460 RTRA 56854 243
Kobe-Oita 710 420 Fuel type used Light oil Heavy oil
Kobe-Matsuyama 320 230 Fuel consumption 4 km/1 150 g/PS-h
Fuel cost 70 yen/l 15 yen/1
Fuel specific gravity | 0.85 0.9
time (%) Engine power 600 PS 12000 PS
Average loading
With the particulars shown in Table 2, for Yokohama- condition 0.9 0.5
Fukuoka route, truck requires 32.5 hours for one trip Harbor charge/trip 20000 yen
in this route. Considering 30 off-hire days, the max- Lif.e time 10 yee;.rs 20 yearsg
imum round trip per annum (RTPA) per truck was Price of transport 1x107yen 1.50%10"yen
124. At 90% average loading condition, one 11-ton Transp.ort. tax/year | 43600 }éen 2500007y o
. . Depreciation 2.0x10%yen | 7.5x10"yen
truck (with 10.7 tons cargo capacity) would carry a Maintenance
total of 1194.12 tons of cargo through one way in one cost/year 100000 yen 2000000 yen
year. To perform the task of carrying 547500 ton of Other cost/year
cargo each way in one year, 460 trucks were required. (Weight tax,
Similarly, with 39.35 hours trip time and 45 off-hire insurance, etc.) 192000 yen 2000000 yen
days, the maximum round-trip per annum per ship Labor cost
o . " /man-hour 2500 yen 2500 yen
was 98. Considering the average loading condition as
. . Number of crews
50% of the 5000-ton ship (4500 ton cargo capacity), /drivers 9 6

the total number of round-trip required per annum
(RTRA) was 243, that is, 3 ships were required to
perform the same task. The number of trucks or ships
required for other routes were also calculated in the
similar fashion and shown in Table 3.

3. Consideration and Results

3.1 Transport between Stock- Point and
Inland Water Port

The stock point is usually placed in or near the urban
area. Truck was considered to be used for shipping the
cargo between the stock point and the inland water
port, the distance of which was assumed to be 10 km.
The average cost of shipping was taken as 25 yen/ton-
km, which was nearly the charge estimated in case
of road transportation system. Table 4 shows some
particulars of this route.

3.2 Cost Saving from Reduced

Environmental Burden

The compounds and substances, those were released
during the production and use of the transports were
considered here. The relevant inventory list for the
construction and operation phase of the transports
is given in Table 5. The data of the construction
phase were taken from various Internet resources and
adopted from Hasegawa and Iqball). The data for
the operation phase were taken from BUWAL 250
database of SimaProl4), a life cycle assessment (LCA)
software. Using this inventory table and the transport
and route particulars, the total amount of emissions
for each transportation system was estimated. The so-
cial external costs were then calculated by multiplying
these values with respective unit costs.

There are at least three popular methods of estimat-
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Table 3 Trip time, RTPA, and the required number of transport for different routes.

Trip time RTPA No. of transport required
Route Truck | Cargo Ship | Truck | Cargo Ship | Truck Cargo Ship
Yokohama-Fukuoka | 32.50 39.35 124 98 460 3
Tokyo-Kitakyushu 28.50 44.04 141 87 404 3
Tokyo-Miyazaki 37.50 37.88 107 " 101 531 3
Nagoya-Sendai 20.00 32.89 201 117 283 3
Tokyo-Kochi 23.50 31.42 171 122 333 ' 2
Tokyo-Tokushima 18.75 28.78 214 133 266 2
Osaka-Shin Moji 16.25 23.50 247 163 230 2
Kobe-Oita 20.25 22.33 199 172 287 2
Kobe-Matsuyama 10.50 16.75 383 229 149 2

Table 4 Transport particulars for the route
between stock point and inland water

port.
Distance 10 km
Trip time 0.2h
RTRA 56854
RTPA 1462
Required number of 39
transport means (truck)

Table 5 The inventory table.

Compound or Unit Truck |Cargo ship
substance

Construction phase (per transport)
CO; emission kg 58.79x10% | 1.07x107
NO. emission kg 87.11 4.85%10%
SO, emission kg 3.03x10% | 1.32x107

Operation phase

CO; emission |kg/ton-km| 0.228 [3.95x10°?
NO.. emission |kg/ton-km|4.10x107%]7.11x10~*
SO, emission |kg/ton-km|3.43x107*[5.95x10°°
Methane kg/ton-km | 2.77x107* | 4.81x10~°
emission
C.H, emission | kg/ton-km |1.36x107° [ 2.37x10" 7
Benzene kg/ton-km |8.18x10~° | 1.42x10~°
emission
Particulate
Matter (PM)|kg/ton-km |9.39x107%]1.63x1075
emission
ing the cost of environmental damage. First, trac-

ing the direct link between the emissions and the
damage occur to human health and ecosystem and
then placing some economic values on those damages
3,9,12,15-17) " Gecond, hedonic pricing, where estima-
tion is done from observed price differentials of goods
and/or services related to the environmental quality

and the cost of meeting some new regulations imposed

by relevant authorities.

Third is 'willingness to pay’, a widely accepted prin-
ciples in market economies. In this method the social
cost of any change in economic outcome is measured
by the sum of individuals’ willingness to pay for that
change at their current economic condition [6, 18].

In this study the social external cost of emissions from
transports were estimated using the costs found by
Mayres et al 9), Small and Kazimi12), Pearcelg), and
ExternEZO), those considered a number of emissions
in the cost estimations. :

Pearce!®) estimated the cost of pollutants in GBP in
1991 values and effective in London. This values were
converted to JPY with the exchange rate 1 GBP=175
JPY, the current conversion rate. It could be a better
estimation if the conversion was done by the 1991 con-
version rate (1 GBP=233.81 JPY) and then adjusted
for the inflation. But for simplicity, this approach was
not followed here.

The social cost of air pollutants in Los Angeles esti-

12) using direct damage

mated by Small and Kazimi
estimation approach was also taken in this study to
estimate the annual cost saving due to the reduction
of emissions achieved through modal shifting in the
model case considered. Romilly”) also adapted this

values with some more values proposed by others.

Only the cost of 5 pollutants was available in Small
and Kazimi'?). Those were VOC, NO,. SO., PMio
and CO2. The cost of PM;o was most high as it caused
most serious health hazards. Originally these values
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Table 6 Unit cost of pollutants.

Unit cost of pollutants in JPY
Compounds or substances Pearce Small & Mayeres et al ExternE (1999)
(1993) | Kazimi (1995) (1996) Truck Ship
CO; Emission (kg) 2.33275 7.44 8.27x10° 0.2568 | 0.2568
NO, Emission (kg) 33.25 1281.6 1.48x10"? 428 428
SO, Emission (kg) 38.62075 1632 1.02x10"3 'N/A N/A
Methane emission (kg) 12.25 N/A N/A N/A N/A
| Particulate Matters (Dust) | 7, 59 12240 8.90x10'2 | 6795570 | 7853800
emission (kg)
VOC (non methane) (kg) N/A 350.4 3.16x10! N/A N/A

Table 7 Social environmental costs saving estimated by different valuations.

Social environmental cost saving (JPY)
Route Pearce Small & Kazimi | ExternE Mayeres
Yokohama-Fukuoka | 9.36x10° 1.01x10'° 6.84x10' | 1.21x10"°
Tokyo-Kitakyushu | 7.61x10% 8.22x10° 5.50x10™T | 9.84x1078
Tokyo-Miyazaki 1.13x10° 1.22x10™° 8.31x10™ | 1.46x10"°
Nagoya-Sendai 5.05x10% 5.46x10° 3.65x10™T | 6.54x10™8
Tokyo-Kochi 6.45x10% 6.96x10° 4.70x10'" | 8.34x10'8
Tokyo-Tokushima | 4.82x10° 5.21x10° 3.49x10™ | 6.24x10™®
Osaka-Shin Moji 4.18x108 4.52x10° 3.05x10™ | 5.41x10%8
Kobe-Oita 5.74x10% 6.20x10° 4.22x10™ | 7.41x10™®
Kobe-Matsuyama 2.40x10% 2.60x10° 1.76x10™" | 3.11x10'®

were in US Dollar in 1992 price. A conversion rate of 1
USD =120 JPY was taken to find the values in Japan.
In this study, the social cost of particulate matter was
taken the same as the value of PMjo given in Small

and Kazimi'?.

9) estimated the external costs using

Mayeres et al
external cost functions computed for a given economic
equilibrium. The costs were estimated for 1990 and
2005 to be effective in Brussels. In this study only
the 1990 values were taken with the conversion rate 1
ECU = 1 EURO = 107 JPY. In Mayeres et al ® the
cost of carbon was given. This value was converted to
the cost of COz in this study, considering that all of
the carbon would be transformed into CO,.

The cost estimation using the values proposed by
ExterE?®) was described in Igbal and Hasegawa21)
and was adapted from Bickel et al 22) The same costs
of three pollutants (CO2, NO, and PM) are used here
to find the social cost savings from the reduced emis-
sion.

Table 6 shows the unit cost of the pollutants mea-

sured by different researchers. These values were con-
sidered in this study. Table 7 shows the social cost
saving due to reduced environmental burden through
the proposed modal shift estimated by 4 different val-
uations.

3.3 Direct Cost Saving from RFR

Considering the monetary saving per ton cargo ship-
ment by ship in place of truck, that is the difference
between required freight rates (RFRs), the total sav-
ing was calculated multiplying this value by the annual
amount of cargo shipment. The RFR is the level of
freight rate, which produces equal present worth of in-
come and expenditure, that is, zero net present value
(NPV)?3),

The RFR was estimated as followszs),

Ly c]
spw

RFR = I

where, RFR = Required freight rate (¥/ton), P =
Price of the transport or first cost (¥), C = Annual
cost (¥), L = Amount of cargo carried (ton/year)
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where, spw = Series present worth factor, ¢ = Rate of
return (compound interest), N = Number of year in
operation

Series present worth factor, also called annuity factor,
is the multiplier to convert a number of regular (an-
nual) payments into the present sum.

Thus the estimated monetary cost saving was
2.93%10'° yen, if 1500 tons of cargo was shifted to ship
from truck, everyday and both ways, in Yokohama-
Fukuoka route. Similarly the savings in other routes
were calculated and shown in Table 8.

3.4 Cost Saving by Service Time

Mayeres et al 9) estimated the value of time (VOT)
for both passenger and freight transport in Brussels.
The VOT in freight transport was 25.9 ECU/h in 1991
price and was adapted from De Jong et al 24) With
the conversion rate 1 ECU = 1 EURO = 107 JPY,
this value was taken as 2771.3 JPY in this study.

In the service time, the time required to accumulate
the cargoes at the stock point should be added with
the trip time. The accumulation time was estimated
with assumption that the inflow of the cargo for ship-
ment was uniform over the span of time. In reality
the inflow is usually more in the daytime than in the
night. But for the simplicity of the estimation this
non-uniformity was not considered here. With this
assumption of uniform inflow of cargo, the rate of
cargo inflow was 62.5 ton/h, since 1500 tons of cargo
would be ready for shipment in 24 h. So, the required
amount of cargo for one trip by ship, that is, 2250
tons (fargo would be accumulated in 36 h. This is
the minimum required time gap between two succes-
sive trips by cargo ship. Considering this time gap,
in Yokohama-Fukuoka route, the maximum time re-
quired by the transport authority to serve there cus-
tomer was (36+40) h or 76 h and the minimum was
40 h. Taking the average time required for cargo ac-
cumulation, the ’service time’ for the cargo ship was
58 h in this route. For the truck this value was
32.58 h.

Considering the average service time taken in
Yokohama-Fukuoka route by ship as 58 h and by truck
as 32.57 h, the total time saving through the modal
shift of cargo was estimated. In each trip, ship carried
an amount of 2250 tons of cargo. In case of cargo car-
rying by ship the average waiting time was 18 h, but
in case of truck the average waiting time was almost
negligible. Keeping these in mind, it was considered
that additional (58-32.57) h that is 25.43 h was taken
for each trip by ship, that is, per shipment of 2250
tons of cargo. Thus the cost of annual time loss due
to the shipment by cargo ship was 16.6x10° yen in
Yokohama-Fukuoka route. The cost savings from the
time saved in all specified routes are shown in Table
8.

Table 8 Cost saving from the freight rate and the

time saved.

Cost saving from (JPY)
Route Freight rate Time
Yokohama-Fukuoka | 2.93x10™° | -1.66x10”
Tokyo-Kitakyushu 2.52x10™0 | -2.25x107
Tokyo-Miyazaki 3.43x10'7 | -1.23x107
Nagoya-Sendai 1.71x101° | -2.07x107
Tokyo-Kochi 2.06x10"77 | -1.74x107
Tokyo-Tokushima 1.59x1070 [ -1.88x107
Osaka-Shin Moji 1.36x10™ | -1.69x107
Kobe-Oita 1761010 | -1.34x107
Kobe-Matsuyama 8.07x10° | -1.62x107

3.5 Total Cost Saving

The total annual saving of social cost through modal
shifting of 1500 tons of cargo from truck to cargo ship
would thus vary because of the different valuations of
air pollutants. Considering the minimum costs, that
is, the costs measured by Pearcelg), to show the lower
limit of the social costs, this saving in Yokohama-
Fukuoka route was 3.02x10'° yen. In case of simi-
lar modal shift in all the 9 routes mentioned earlier,
the annual social cost saving was 18.72x10'® yen.

4. Conclusion

In 1997, transports in Japan were responsible for
about 20% CO, 54% CO, 50% NO., 23% N:0
and 12% SO2 of the country’s total emissions to the
25)  According to the Kyoto Protocol?®),
Japan made a commitment to cut its own emission by
6% below the 1990 level in the period 2008-2012. Only

atmosphere
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modal shifting of 1500 ton of break-bulk type cargo
from truck to cargo ship in Yokohama-Fukuoka route
in Japan will reduce the annual emission of 2.52x10°
tons of CO2, 4.51x10% tons of NO,, if the amount of
emissions agrees with the data considered here.

The benefit of modal shifting of cargo from truck to
cargo ship was discussed with the comparative eval-
uation of the ecological and economic characteristics
of these two modes of transports. The comparison
was made with the monetary values of these impacts
to ease the understanding. The social costs saving
through modal shifting of 1500 ton of break bulk type
cargo from truck to cargo ship in certain routes in
Japan were estimated. The cost saving in environmen-
tal burden, freight rate and time used were estimated
separately and the total saving in 9 routes was then
calculated and found as 18.72x10'° yen.

The following unsolved problems are still left for fur-
ther research in this area.

- Comparison with other transport modes includ-
ing railway. )

- The environmental impacts due to cargo han-
dling systems.

- The use of land area and the effects of noise ex-
posure.

- The cost of congestion due to heavy traffic in the
road or at the inland water port.

The outcome of this study can be used for govern-
mental bodies for taxation. It may also be useful for
planning inland transportation systems. Convincing
people to switch from truck to cargo ship for their
cargo shipment can reduce primary energy use and
harmful emissions to the environment. A vital part
of encouraging this transition is providing safe and ef-
ficieht inland water transport systems. Government
can also promote water transport by introducing high
emission tax and road tax.

References

1) Hasegawa K, Igbal K S: Inland Transportation
System Planning by Life Cycle Impact Assess-
ment: a case study. Journal of Marine Science
and Technology, Vol. 5, 2000, pp. 1-8.

2) Fet, A M, Michelsen O, Karlsen H: Environmental
Performance of Transportation - A Comparative
Study. ENSUS 2000, Newcastle upon Tyne.

3) Small K A: Estimating the air pollution costs
of -transpoprt modes. Journal of Transport Eco-
nomics and Policy, vol. 11, 1977, pp. 109-132.

4) Newbery D M: Road User Charges in Great
Britain. CEPR Discussion Paper no. 174, Centre
for Economic Policy Research, London. 1987.

5) Newbery D M G: Road User Charges in Britain.
The Economic Journal 98, 1988, pp. 161-176,
Centre for Economic Policy Research, London.

6) Jones-Lee M: The value of transport safety. Ox-
ford review of transport safety, vol. 6, 1990, pp.
39-60.

7) Mayeres I: The Marginal External Cost of Car
Use: with an Application to Belgium. Tijdschrift
voor Economie en Management 38, 1993, pp. 225-
258.

8) Mayeres I: The Marginal External Costs of Trucks
- An Empirical Exercise for Belgium. Tijdschrift
Vervoerswetenschap 30, 1994, pp. 121-138.

9) Mayeres I, Ochelen S and Proost S: The marginal
external costs of urban transport. Transportation
Research Part D: Transport and Environment, El-
sevier Science Ltd. 1996.

10) Jansson J O: Accident Externality Charges. Jour-
nal of Transport Economics and Policy 28, 1994,
pp. 31-43.

11) Peirson J., Skinner I. and Vickerman R.: Es-
timating the External Costs of U. K. passen-
ger Transport, The First Step Towards an Effi-
cient Transport Market, Discussion paper 94/2.
CERTE, Canterbury, 1994.

12) Small K A and Kazimi C: On the cost of air pol-
lution from motor vehicles, Journal of Transport
Economics and Policy, vol. 29, 1995, pp. 7-32.

13) Maddison D., Pearce D., Johansonn O., Calthrop
E., Litman T., Verhoef E.: Blueprint 5, The
True Costs of Road Transport, Earthscan, Lon-
don, 1996.

14) Pre Consultants: SimaPro 4.0, Amersfoort, 1999.

15) Krupnick A J and Portney P R: Controlling urban
air pollution, a benefit-cost assessment, Science,
Vol. 252, 1991, pp. 522-28.

16) Hall J V, Winer A m, Kleinman M T, et al :
Valuing the health benefit of clean air, Science
255, 1992, pp. 812-17.

—255—



17)

18)

19)
20)

21)

Romilly P: Substitution of bus for car travel in
urban Britain, an economic evaluation of bus and
car exhaust emission and other costs, Transporta-
tion Research Part D, Transport and Environ-
ment, Elsevier Science Ltd, 1999.

Viscusi V K: The value of risks to life and health,
Journal of Economic Literature, vol. 31, no. 4,
1999, pp. 1875-1911.

Pearce, D W (Ed.): Blueprint 3: Measuring Sus-
tainable Development, Earthscan, London, 1993.
ExternE: Externalities of Energy,
http://externe.jrc.es/index.html, 1997.

Igbal K S and Hasegawa K: Comparison of En-
vironmental Performance and Economical Ben-
efit of Land and Marine Trémsportation System
- comparison with three different valuation ap-
proaches, Proceedings of Spring Meeting, Kansai
Society of Naval Architects, Japan, May 25-26,

22)

23)

24)

25)

26)

—256—

2001.

Bickel P, Schmid S, Krewitt W, and Friedrich R:
External Costs of energy conversion - Improve-
ment of the ExternE methodology and assessment
of energy related transport externalities, Extern,
1999. .
Buxton I L: Engineering Economics and Ship De-
sign, British Maritime Technology Limited, UK,
1987.

De Jong G C, Gommers M A, Klooster J P G N:
De reistijdwaardering in het goederenvervoer Ti-
jdschrift vervoerswetenschap, Vol.29, (in Dutch),
1993.

Greenhouse Gas Inventory database of UNFCCC,
(http://62.225.2.23/), 2000.

Kyoto Protocol, Third Conference of the Parties,
UNFCCC, Kyoto, Japan, http://cop3.unfccc.int/,
1997.



