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ENERGY SAVING IN ROAD, TUNNEL
AND ALLIED EQUIPMENT ETC.

I. FOREWORD

Viewed from the standpoint of the present energy pro-
blem, etc., the vehicle society is topics of study, but viewed
from the point that the automobile is indispensable in our
present economical system and daily livlihood, whereas rail-
ways and airplanes are “lines from station to station” as a
means of mass transport, the automobile is an effective
means of indivudual transportation that is “door to door”.

Regardless of this, Japan lags behind America and
Europe in the pavement factor of roads, including high
speed expressways (Fig. I). Therefore, the new 7 years
economic plan emphasizes road extension and its arrange-
ment for the fullfilment of social capital. These plans widen
the development to mountain roads and increases the
proportion of tunnels.

The tunnels of such highways include various facilities
for safety and environmental purposes. The possibility of
energy saving electric facilities associated with lighting,
tunnel ventilation, road heating, etc. is discussed.
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Since the existing functions for safety and the environ-
ment must not be sacrificed for energy saving, these are
specifically considered as points which demand discretion.
For example, dust collection systems associated with tunnel
ventilation are authorized by committees including
members from government and the public and their popu-
larization will quicken in the future.

Il. SERIES LIGHTING SYSTEM

At sections of roads and tunnels that require lighting,
the ordinary method of distributing power to lamps has
been designed by calculating the allowable current carrying
capacity of each power line and the voltage drop at the last
lamp.

On the other hand, in the series lighting system, the
primary side of the insulation transformer corresponding to
each lamp is connected in series with cable of the same size
as shown in Fig. 2 and the lighting conditions required by
the lamps should be produced at the secondary side of the
insulation transformer by supplying a fixed current from a
constant”current source. That is, whereas the ordinary sys-
tem supplies power to parallel connected lamp loads by
means of “voltage”, the series lighting system supplies
power by means of “current”. Therefore, beside solving the
difference of lighting conditions of each lamps with
distance from the power source, this system permits uni-
form light adjustment and dimming by controlling the
transmitted current and can be said to be an energy saving
system that meets the demands of the age.

——t

Outdoor lighting circurt

Insulation transformer

Fig. 2 Diagram of series lighting system
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Such a series lighting system is not the first of its kind.
The highway lighting in North America and other large
countries and the airport runway landing lights stipulated
by International Regulations based on the series lighting
system have the following features:

(1) Since the size of the wiring cable can be equal and
small, cable costs for long distances and wide areas is
low.

(2) For the same reason, wiring design and wiring work are
easy. 7

(3) The lighting conditions can be entirely equalized in any
lamps including near zone or for zone from power
source.

(4) Even though the power source voltage varies some-
what, the lamps are used under fixed conditions and
lamp life is long.

(5) The lamps can be simultaneously turned on and off
without using control lines.

(6) Even though lamps of different specifications are used,
mixed lighting is possible by using the appropriate in-
sulation transformers.

(7) Energy saving by dimming is possible and the variations
in illumination are small because uniform dimming is
possible.

(8) Expansion is possible without changing the size of the
existing cable.

For example, if the cable cost of the ordinary system
and the cable cost of the series lighting system are com-
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Fig. 3 Cost of wiring cable

pared, whereas the former is proportional to the cube of
the number of lamps (n), the latter can be seen to be pro-
portional to the » at a uniform thickness (Fig. 3) and the if
the number of lamps exceeds a certain value, the advantages
of the series lighting system appear. Even when the initial
facilities costs are considered, the energy saving effect by
running is a further merit.
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Table 1 Cost comparison between new system and ordinary system

Equipment

Work Remarks

(1) Items for which series Cable, manholes

lighting is advantageous

Wiring, end processing

When the number of lamps exceeds 12 ~ 13,
series lighting is advantageous. Series lighting

(2) Items for which ordinary | Choke device, switch-
lighting is advantageous | boards, conduit

Installation of choke device

cables may use plugs and receptacle at their
ends.

(3) Items common to both | Lamps, poles, fixtures

systems

Boring, conduit laying, refilling,
pole erection, lamps and
fixtures installation.

The choke device is the insulation transformer
type in series lighting. The series lighting type
distribution panel is the thyristor type.
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Fig. 4 is an example of this system consisting of 31
mercury lamps (final installation will have 74 lamps) on the
grounds of some university. The thyristor constant current
regulator (CCR) of the power supply performs 100%, 80%,
and 60% current adjustment according to time and plays a
role in energy saving (Fig. 5). However, in this system, the
transmission voltage may be high depending upon the
number of lamps and special approval of electrical engineer-
ing standards must be obtained. However, revision of these
standards will become a question with popularization of
this system.

11l TUNNEL DUST COLLECTION SYSTEM

To prevent troubles (mainly poor visibility and the
generation of toxic gases such as CO gas) due to the exhaust
gas of the automobiles running through road tunnels, the
air inside the tunnel is diluted and dispersed by taking in a
large amount of fresh outside air. However, this requires
large blowers.

There are longitudinal flow, semi-horizontal flow, and
horizontal flow methods of performing this forced ventila-
tion. However, if a wind cavity is provided outside of the
road space or the tunnel is long, the vertical shaft or angular
shaft are necessary and construction costs increase rapidly.

In a tunnel dust collecting system, the electrostatic
dust collectors are installed at suitable places inside the
tunnel and the smoke in the exhaust gas from cars is
removed to improve the visibility inside the tunnel. Whereas
ordinary ventilation is a dilution and disperison system with
generation of smoke as a precondition, the ventilation sys-
tem containing a dust collecting system efficiently removes
the smoke in the road air by some method and dilutes the
remaining smoke with the minimum amount of air and is
said to permit equivalent economization of the ventilation
system including the construction costs. If viewed from the
standpoint of energy saving, since the ventilation power is
proportional to the cube of the air amount, this system,
which suppresses the air amount to the minimum, can
realize a substantial energy saving.

For example, the tunnel interior density when two
dust collector sets are installed in-a one-way longitudinal

Exhaust 1

Vertical shaft
Dust collector

1

Dust and smoke density ratio

(1) When dust collectors installed (solid line)
(2) Ordinary ventilation system (dotted line)

Fig. 6 Dust density variation in tunnel with longitudinal
ventilation system
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ventilation with a vertical shaft system and for an ordinary
system can be compared as shown in Fig. 6. The vertical
axis shows the removal or dilution of the smoke at the dust
collectors and vertical shaft points as the density increases
according to the direction of travel of the automobiles in
the normal traffic state. However, the increase gradient is
associated with the feed (exhaust) air amount and becomes
smaller as the dilution amount becomes larger. The dotted
line in the figure is the density which must be controlled
when dust collectors are not installed. In the figure, a
blower air amount of approximately 1.7 times is necessary.

In other words, if the ventilation air amount at the
dust collector system is assumed to be 60% of that of the
ordinary system, that is, if P« Q3 is assumed, the energy
required is reduced to 20%. But the dust collector itself and
sucking in of the dirty air into the dust collector and re-
turning the clean air to the tunnel required electric energy
and other points (for example, the density management is
not weight density, but must be the 100 m transparency
value, ventilation to dilute the CO gas, a natural ventilation
effect and smoke exhaust when a fire occurs, etc.) must be

Table 2 Ventilating power comparison between ordinary system
and new system

Horizontal | Longitudinal
Ventilation system ﬂc.aw flow with dust
(ordinary collector
system) (new system)
(Intake) < 0.5 >0.09
Ventilating blower | (Exhaust) >0.5 < 0.09
Total 1.0 0.18
Body - =0
Dust collectio
s cton Air blower for
system — 0.09
dust collector '
Total 1.0 0.27

Fig. 7 Exterior view of electrostatic dust collector with air
blow mechanism
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Total snowfall and number of snowy days and total accumulated snow depth

Total i | ol s | i e ated
1973 592 84 78 (2.14)
1974 389 69 86 (1.19)
1975 404 60 93 (1.24)
1976 652 60 136 (2.18)
1977 364 71 88 (2.4)
1978 128 40 25 (2.2)

Number of snowy days by daily snowfall (average value from 1967 to 1978)

6 months

o —p-tenth | 11 12 1 2 3 4 ez,
0~10cm/d | 2.8|10.2]15.5|12.8| 9.9 0.8 |52.0
11~20 # 0.1 1.4] 2.3| 3.4} 1.2 8.4
21~30 # 0.1 0.5 1.6 0.8| 0.1| 0.2] 3.3
3140 » 0.2 0.6} 0.6| 0.2 1.6
41~50 0.1 0.4] 0.1 0.6
51~60 # 0.2] 0.1 0.3

6lem/dor greater

Total 3.0112.4120.6{17.8|11.41 1.0|66.2

Number of continued snow days 37.9 days (average value from 1967 fo 1978)
FEarliest . Dec. 22, 1973 Latest: March 13, 1977
Number of accumulated snow days 60.2 (average value from 1967 to 1978)

Accumulated snow chart
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Fig. 8 Snowing conditions in recent 5 years (Toyama city)

studied individually according to the design conditions of
the tunnel. Table 2 is an example of comparison of the
ordinary horizontal ventilation system and longitudinal
ventilation system using dust collectors at a comparatively
long tunnel, and while the dust collection facility is added
at the latter, it shows that the overall facility can be made
small and energy saving.

In any case, the use of tunnel dust collectors is expect-
ed to have a large affect on the tunnel ventilation system of
the future and Fuji Electric will participate in the develop-
ment of a consistent system through the Construction use
Electric Engineering Society and will build prototypes and
deliver actual machines and add sutdies on the next step.
Fig. 7 shows an exterior view example.

IV. ROAD HEATING CONTROL SYSTEM

In snowy and arctic regions, 500 W/m? or less heaters
are buried under the road at bridges, the entrance and exit
of tunnels, pedestrian bridges, and other places where freez-
ing easily occurs and when snow removal is difficult and
these heaters are controlled to keep safety conditions of
road in the winter. If the heat buried area per one location
is assumed to be 1,000 m? and the operating time of the
four months of winter (December ~ March) is assumed to
be several hundred hours, the electric charges reach the
order of several million yen. Of course, as shown by the
case of Toyama city in Fig. 8, the operating time differs
widely with the weather conditions of the year, and for this
reason, the possibility of energy saving is necessary to con-
sider adopting the optimum control system.

Present road heating is performed manually by grasping
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the weather conditions and traffic volume, or automatic
control is performed with the air temperature and road
temperature, water component, snowfall amount, wind
velocity, amount of sunlight, and traffic volume as sensor
conditions. Regarding the latter, it is difficult to say that
the present functions are not insufficient, but in any case it
is the most simply ON-OFF control system, and since there
is a time delay or setting value margin, there is no wasted
power.

On the other hand, this new system has thyristors at
the road heater power supply and its output is continuously
variable and performs so-called PI control by receiving the
sensor conditions and it is assumed that speedy output ad-
justment according to changes in the weather conditions
will reduce wasteful power costs. As a result, on site
measurement is most accurate, but producing the various
conditions by computer simulation is advantageous as pat-
tern analysis. The simulation results when heaters are

—— 21 Road surface

1 —1 0

70mm — 19 (concrete)
1 18

| 14 (heater position)

]
i
|

130mm i (concrete)
' 1 s
— 3
- 2

=
Road bed

Fig. 9 Example of cross-section by concrete pavement
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buried 70 mm from the surface of a 200 mm concrete and (b) are examples. That is, it is a time transition of the
paved road as shown in Fig. 9 are given here. response of each parts and power consumption for 96 hours

Simulation was performed on the new system and of repetition of snowfall strength 0.5 cm/h, 4 hours snow-
ordinary system for comparison. Table 3 and Fig. 10(a) fall, 4 hours no snowfall. TAS-21, -14, and -2 in the figure

(a) CASE NO=1001-13 (ON-OFF CONTROL)

ROADILAYER-IZ (TAS-IZ/\ TEMP ‘ . , ‘ , B (b) CASE NO=2001-14 (PI-CONTROL)
96.00HOUR
1100 1.24°C . ,OOLA—\—\—\M
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2.69C
2. ' ; + ; + . — ; |
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Fig. 10 Computer simulations of ON-OFF control and
Pl control

Table 3 Comparison of ON-OFF control and Pl control

Control system ON-OFF control (ordinary system) PI control (thyristor power supply use)
Description of operation One of two set values are taken according to Operation proportional to the control deviation
whether the control deviation is plus or minus. (P operation) and operation proportional to the

integrated value of the control deviation (I opera-
tion) are combined.

N
—-

Qperating gap

S
e - RS 1T
N ON 3 y=K,(z+= [ zdf)
§1 Q =7 ¢ ’ /
2 y’ 5% y Ri R
Inditial response S ,
P § OFF ) E_;;,l_/ _____ z cdy

— S |

S S Deviation QQ} é S I ,
SE -

Target
value

*1 + 1 L *1
% _
—*—IHea[er% 2_ k(l+—7',s ) = 7+ Tis) Heate

Control system (control set
temperature — road tempera-
ture)

*]: Maintenance of road temperature within 1 °C regardless of the amount of snowfall is made the
target.

*2: Control set temperature = 1 °C + a
Where, 2oN-OFF > @pp
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Program pin board
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— —1 Timer
S ! Mol start YES 0 No.1 start
= machine-low E rmachine-low E
& speed start speed start
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S speed start speed start

J
on |

Pin board can be set in 30 minute units
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S v
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28
3
S
Automatic reries operation H o3 I No.2 start O No.2 start
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— 3 %i:ﬁ Same as above, However, "ow speed, changed to T high speed,
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Notes) (1) © : indicates manual operation and selection.
_I (CO) cogas density H Same as above. However, change V| to CO. CO value zone {s the upper limit (03 : indicates the sequence process.
control (100~ 150ppm) 4ind. Notch operation corresponding to this is performed. k< : indicates fudgement for the operating conditions.
Operation lamp and alarm lamps shall de lighted even if
not clarified for YES and NO.
: Quilet point of tunnel

(P+VI) (P+VI) @ [ ikt O

contro/
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Fig. 11 Control of wind volume by running sets control and
pole change control of induction motors

Program control shall be the Hase, but regarding the wind volume increase
direction, the V| control signal have priority.

Table 4 Dimension comparison between some kinds of

transformers

Oil-filled Class H dry Moulded
Item
transformer transformer transformer
Floor space 1.0 0.59 0.53
Volume 1.0 0.45 041
Weight 1.0 0.82 0.81

Table 5 Reducing of running costs as a result of reducing

power consumption

Reduction of | Reduction of
Operating conditions when 1 :ﬂ;ﬂiﬁi ans- iﬁﬁiﬁians— Fig. 12 Electric indicating panel with solar cell (America)
day is made the standard former for former for oil-
class H dry filled
system mean the temperature of the road surface, heater surface,
. 24 hours 100% 7,884,000 yen | 5,432,000 yen and No. 1 layer from the road .bed and ¢E, qH, and On
load means the amount of heat escaping at the road bed, heater
fgé}; l;gzd 12 hours + 12 calorific value and heater accumulated calorific value. As
hours 80% 3,602,000 yen | 2,314,000 yen can be seen from the figure, PI control has a fast response
load 50% load speed and can maintain the road temperature at a tempera-
12 hours + 12 ture near the control set value and the power consumption
hours 100% 3,842,000 yen | 2,716,000 yen is reduced to 62% (1,269/2,030=0.62). From the simula-
12 hours + 12 | load No load - tion results, when the controller gain is made large, the road
Eours _"’Xglted 12 hours + 12 maintenance temperature approaches the set value and the
nexcite hours 80% 2,584,000 yen | 1,702,000 yen  power consumption is almost unrelated to the magnitude of
load No load the gain.

Note) 1) When operated for 10 years length
2) Electric charge held at 20 yen/kWh.
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Therefore, if a heater facility larger than the ordinary
facility and a thyristor power supply and PI control system
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corresponding to the  snowfall can be simultaneously ex-
pected.

V. OTHERS

1. VVVF

The ventilating air flow proportional to the length of
the tunnel and the traffic volume is necessary for a highway
tunnel. Ventilation motors of several hundred kW are
installed at tunnels about 2 km for this purpose. Ordinarily,
these ventilation facilities consists of several induction
motors and is matched to the traffic volume and the air
flow is adjusted by dividing the 40 ~ 100% into four steps
by means of running sets control and pole change control as
shown in Fig. 11.Making such step control VVVF (variable
voltage variable frequency) by means of the optimum con-
trol, energy saving, or maintenance-free concept will natural-
ly be studied with the progress of thyristor power supply
equipment and cost reduction in the future. Since the con-
sumption of the electric power is proportional to the cube
of the air flow, if limited to the low air flow region, in-
troduction can be said to be easy from the standpoint of
cost also.

2. Molded transformer

Transformers are indispensable in stepping down the
received voltage to the distributed voltage and stepping
down the distributed voltage to power, lighting, and other
load voltages in a power system. Because of years of im-
provements and static devices, transformers have been made
more efficient compared with other. However, since the
development of the fire-resistant molded transformer to
replace the PCB nonflammable oil several years ago, its
popularity has increased rapidly and Fuji Electric has
manufactured a large capacity 30 kV class 7,500 kVA unit
said to be the world’s largest. Since this transformer in-
corporates new ideas in the winding construction part and
resin having superior insulation characteristics is used as the
coil insulation, the pitch between the coil turns could be
made much smaller than that of either the oil-filled type or
the ordinary Class H dry type, the coil occupancy is good
and the core can be made small, and the transformer loss is

Energy Saving in Road, Tunnel ond Allied Equipment

lightened and other energy saving effects cannot be over-
looked. For example, Table 4 shows a comparison of the
specifications of various 3-phase, 6 kV class 50 Hz 500 kVA
transformers and Table 5 shows the reduction of running
costs. In addition, since the molded transformer also
features a rugged construction, high moisture-resistance,
low noise, etc., its use in unmanned electric rooms, tunnel
ventilation electric rooms, etc. is expected to increase.

3. Solar cell

Various new energies are being developed to relieve our
dependence on oil. However, since highways, tunnels and
other facilities contain traffic and meteorological sensors,
fire devices, telephone, signs, and other comparatively low
power devices and receiving power to the installation site of
these devices from the electric power company is difficult,
solar and wind power, etc. small scale local processing
generating systems are expected in the future. Fig. 12 is an
example of an electric indicating panel using a solar cell in
America, but at present, such device are still not in general
use from the standpoint of economy. However, Fuji Elec-
tric is practicalizing amorphous sollar cell and if the cost
can be made several ten percent cheaper than the current
cost and the charging system improved, this field is sure to
become popular.

Vi. CONCLUSION

Energy saving in the electric fields associated with road
and tunnel facilities was discussed above. Generally, energy
saving is not achieved through new technology, but often
by accumulated detailed study. Moreover, since the pro-
blem of running costs, or energy saving, is also frequently
accompanied by an increase in initial investment, the value
judgement standards must be clarified and the effect con-
firmed by more concrete studies.

The contents of this theme has many branches and
many things were insufficiently described here, but new
energy saving aimmed at reducing our dependency on oil is
a large theme for both today and the future, the authors
will be happy if this article provide some reference to the
related persons.
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