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Abstract— The existing cooling system of telephone exchaogsutnes more than 45% of overall energy consumption
and generates the large amount of 8fat affect the global environment as welhcusing on the energy conservation
and expenditure, the hybrid cooling system usigati blowers integrated with the existing air citf@hing system is
proposed. The hybrid cooling system for telephone exchangeThailand is proposed to enhance the energy
management by integrating the conventional air @muing system with air ventilation system. Acdogdto the
complicated hybrid cooling system, the optimal ggemanagement criteria are determined to minimiee énergy
consumption subject to security constraints for difeerent seasons. In additional, the energy comstion, life cycle
costs, temperature and relative humidity profilee aompared with the conventional cooling systehe &xperiment
demonstrated that the energy consumption of théngpsystem decreased 91.540td the overall energy consumption
decreased 36.92% as compared to the conventioringosystemThe annual cost of the proposed system can reduce
up to 296,092 THB/Room with less than 1 year afrrebn investment. The proposed system can opeftiteut any
interruption under the temperature and relative lditg requirements. Finally, the report includedportant detalil
such as innovations, designs; preventive maintemaequirement and barriers of proposed system v@lshown and
described.

Keywords— Optimal, Energy, Hybrid, Exchange.

The traditional cooling system normally used the
1. INTRODUCTION precision air condition for telephone exchange with

many operation methods to enhance the energy

TTe teleph(_)ne_ exchange 'rsl. ;he back bone_ m(:l];' thernanagemenWhich is shown in Figure 2. Precision air-
telecommunication system which consumes a sigmtica ., qitioning systems regulate temperature and ivelat

amount of energy. However, the energy consummion ,migity for sensitive and precisely purpose, thatad
telephone exchange is concerned in term of Sigmfic  conters’ and the telephone exchanges are typical
operatmg_cost].c F:gu[]e 1 shor\:v propohrtlons of energyhinciples used this kind of cooling system, itafence
consumption of telephone exchange, the proporiad8s ., 4ir conditioning systen for resident which disa

45% for_air condmgn system, 40% for telephone general household. In order to easy understandaits
equipments, 10% for lighting and 5% for the other. infer that the Precision air-conditioning systensvé
several special parts, the first part is the Hebbeit,
both types included electric coils and hot refraggrgas
usually used for control room temperature withittisg
Ak comttonkre. point, next part is Humidifier Unit, both types inded
infrared and electric coil usually used for corgproom

Telecom.

cquipment, relative humidity within range, the last ones isn€ol

40%

Unit, it's improtant part used for controlled oa#rof air
conditioning unit. Parts of conventional and psexi air
conditioning are shown in Figure 3. However, these
types of air conditioning rather consume a lot nérgy
when comparing to air conditioning systen for resid

This paper presents the optimal enempnagemenof
hybrid cooling system between precision air cooditig
and air blowers to control the room environment for
minimizing energy consumption and acceptable room
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Telophons Equipment Koom the appropriate cooling system. The experimen&llte
of various cases are illustrated in Figure 4, nemitvo
of graph: Inside room without air conditioning and
ventilation, shows that the telephone exchangeeidn
Telecommunication . .
Equipment the ventilation system because temperature of Helep
| wl ol ol i exchange without any ventilation system will bectresd
ﬂunﬂ-] the upper limit in a short period.
Table 2. Average Temperature and Relative

Humidity of Bangkok Thailand in 2010

Precision Air
Conditiening

| Month Temperature (oC) Relative Humidity (%o)

, - . Jamuary 2010 32.00 86.65
Fig. 2. Existing Cooling System of Telephone Febuary 2010 0032
Exchange. March 2010 8037

April 2010 63.70
May 2010 ; 7187
June 2010 3200 76.60
Compressor Expansion Evaporatorand Air Blower Tulv 2010 31.53 7916
Valve Condenser Coil B =
Angust 2010 3120 7939
l 3@ i % September 2010 3180 7697
October 2010 3157 7171
- November 2010 31.60 6587
December 2010 30.07 61.49
+ Average 31.95 75.34
B oian Ar Heater Unit HumidifierUnit  Control Unit The various cases of relative humidity is recordad
: = shown in Figure 5. The relative humidity inside tbem
is lower than the outside. In addition, one bloweay

not maintain relative humidity of room; however déar
blowers cannot control relative humidity of roomtiwi
significant additional controllability when compareith
Fig. 3. Parts of conventional and precision air two blowers. According to experimental results, the
conditioning. optimal design of ventilation system is the hybiib
blowers with the existing precision air conditiogin

2. OPERATION STANDARD AND 3. OPTIMAL ENERGY MANAGEMENT
REGULATIONS OF COOLING SYSTEM FOR
TELEPHONE EXCHANGE Methodogy

Environmental Requirement From experimental results, only one blower can ta#in

the room temperature within the accepted range,

The basic environment requirements to operate thenowever the room conditions are depend on manwgifsct
f[eleph_one exc_:hange must meet three requwemgntgspecia”y outside room temperature. The optimaigte
including equipment operating temperature, relatlveof ventilation system for temperature control isotw

humidity a_nd ar _partlcle. Man_ufacturers criteria that are room temperature control by dagd

recommendation for environmental requirements Ofseasons

equipment is shown in Table 1. Average temperature and relative humidity of
Bangkok, Thailand, are shown in Table 2. whichdhe

Table 1. Equipment Environmental Requirement door ambient temperature is less than or equaD28.3

Equipment Environmental Requirements 3,730 of 8,760 hours in a year or 43% of the Wl}(dar
o Operating Temperature ('C) | Operating Humidity (%Rr) as shown in Figure 6. During this period, only one

OSN-3000¢ 0-45 10 - 90 . . oo
DWDM-so00¢ 0-45 10-90 blower can maintain the room temperature within the
::JA;E\-XX g:: 13:2 recommendation with less of energy consumption. The

=00 - - . . .
NTU 040 10-90 rest 5,030 of 8,760 hours or 57% is important kyio
PDH 0-45 5-95 needs for optimal energyanagement.

Table 2 shows the average temperature and relative
humidity of Bangkok, Thailand. The comparison of
temperature and relative humidity in Table 1. ardbl®
2. seem that equipments will be able to operatbowit
any control system, the telephone exchange caratgper
without the precision air conditioning system.

In fact, the generated heat from equipments may
accumulate and increase the room temperature wiithou
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Fig.4. Comparison of Temperature with various coolig method and Recommendations for TelecommunicatioBquipment
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Fig.5. Comparison

Equipment.

of Relative Humidity with various cooling method and Recommendations for Telecommugation
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45.00 Q air flow rate (f/min),

40.00 | T, the outdoor temperaturgr),

5~ 35.00 T, the indoor temperatur&R).

< 30.00

3 2500 |- - : _
G 2000 f Air Changes

o
E 15.00

© 1000 | N = 60Q/V 2)
=28 | where
N  number of air changes per hour,

V  volume of room (f).

_ _ ] Air Change/h  determined how many times of room
Fig.6. Temperature duration curve of Bangkok in 200. volume would fill up with the air from the regissein
one hour.

Design and I nstallations Installation

The venglatrllon a]ir voll:me IS an important _factdr 0 fThree blowers with temperature sensor are instaled
generated heat for telecommunication equipment. Ifgpqyn in Figure 8, the existing precision air cdinding

ventilation air volume is higher than generatedtitea 54 5ir plowers are used to control room conditions
over need energy consumption is the waste of dpgrat

system. On the other hand, the ventilation air naus

under the standard may cause the damage O expaustar Cuiatal Vait
telecommunication equipment. The heat generateu fro g“ O_‘_ R
telephone equipment is depending on many factahk su O_ g R’e
as various ambient outside room temperature artidba Yenbiiiie

telephone equipment operation. The first step cigite Aiows SENSOr o s mem
and installations stage is data collection, thigegxnent [ '
used data logger to measures and records the root - ¥
environment consists of temperature and relative ||

Telecommunication
Preeislon Alr Condition Equipment

Alr Intake

humidity, both of inside and outside the room waoee,
details as shown in Figure 7.

Fig. 8. Air Blowers, Temperature Sensor and ControlUnit
Installation.

Control Procedure

b P—
> pitaLogger The temperature control procedures are shown iar€ig

/,,,,;:i ,,,,,,,,, | 9, and operating procedures are as follow:

| o y, [a] When the room temperature is less than or egfual
‘44 °C, one set of air blower is operated to controlmoo
) temperature.

—J [b] When the room temperature is reached to°G2
- two sets of air blower are operated to control room
temperature.

[c] When the room temperature is reached t0°G3
three sets of air blower are operated to contralnro

The airflow requirements are sometimes very difficu t€mperature.
to evaluate for minimizing energy consumption. To [d] When the room temperature is reached to°G5
avoid equipment shutdown caused by high temperaturehe existing precision air conditioning is opedat®
and to make sure that room temperature will be notcontrol room temperature.
excesses recommendation, the design of air floevaat
air change must be higher than normal design of
ventilation system as shown in Eq.(1).

>

Fig. 7. Temperature and Relative Humidity Data
Collection.

(Tl _Tz)
1.10¢

Q = Heat load x (1)

where
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the telephone exchange, is provided with totabding
gaseous system, as shown in Figure 11, when farenal
persists, precision air conditioning and/or vetitla
blowers have to shut off and every openings have to
automatic close, each opening must equipped with fi
resistance rated material with at least 2 hourgabke of
fire and gaseous discharged the effective holding to
maintain the right concentration such as FM200
standard, at least 10 minute of holding time wi# 7
concentration is concerned.

Talaphone Equipment Room

Telecommunication

Equipment

Precision Alr
Gonditioning | ml uil

* = Air Blower, power demand is 1.03 kW

“ = Precision Air conditioning, power demand is 12.48 kW

Fig. 9. Temperature Control Procedure.

Safety Preparations

However, a flexible working of controlled air blowky
temperature is an optimum choice to maximize the
energy saving. The design with automatic operataday
temperature sensor to control the number of blowaess
required. This experiment utilized the existing hotor
minimizing the installation cost. The fire ratedeedt
doors of main entrance are used for air intakethéo
room and in case of fire; function of the door i f
damper. Magnetic lock has been used to hold door to
open, when normal situation and automatic reliefrde

to close in case of emergency situation.

In order to avoid accumulate of heat inside equipme
rack, cover should be removed, the heat spreadam r
and remove to outside by ventilation system. The
equipment rack is shown in Figure 10. Fire Darmper

Air Blower Electromagnetic Lock Type

Fig. 11. Total flooding gaseous system in action.

-

Fig. 12. Fire damper electromagnetic locked type

In this design concept, when emergency situatiah an
fire alarm persist, all of ventilation blowers stuft, fire
damper with electromagnetic locked type is dropfed
close the opening and magnetic lock at entrance idoo
relief, door automatic close to seal the room asvshin
Figure 12 and Figure 13.

Fig. 10. Telephone equipment rack.

In addition, the safety design of fire detectgystem
is need for safety and security conditions so tiopased
system is redesigned the room conditions which@ase
suppression system to meet the recommended standard
Telephone exchanges must install fire detectionfaed
suppression system.

The automatic fire suppression system espedatly
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Baht or 7.6 times when compare with the conventiona
system.
Life Cycle Cost (LCC):

LCC = Cic+Cin+Ce+Co+Cm+Cd 3)
where:
Cic initial costs,
Fig.13. Door with magnetic lock. Cin installation and commissioning costs,

Ce energy costs,
This proppsed ex_p(_ariment_ is not i_nst_aIIed sensor toc, operating costs,
control relative humidity, during monitoring fourttat . .
relative humidity of room is not over recommendatio Cm  maintenance and repair costs,
limit. The other control condition is air particlhe air ~ Cd decommissioning/disposal costs.
filters are using to control air quality.
Table 3. Air Blower Selected Specification

ﬁm Normal air displacement at 0 mm. WG. 20,640 cfin.
Mé Electrical system 1 phase 220 volts.
3 Motor current 4.48 amps.
| Absorbed power 1.029 watt.
| o | Syerse [Fan speed 388 rpm.
Efficiency 20.1cfim/w.
Noise level 64 dBA at 7 m.

— Easy toinstall
and take off

Easy to install
and take off

Fig. 14. Air Filter design for user friendly easyto take off.

Air filters are installed at air intakes point. The

specification of air filter depends on volume oftjde Fig. 15. Ventilation fan.
in the air, this experiment found that a lot of tjde
from outside air made air filter clog very quickiyhe In addition, the life cycle cost of precision air

important issue is air flow, which is not only hat®  conditioning and optimal energy management system
control air quality but also have to easy to préwen  consists of electrical expense, preventive andectiue
maintenance. Air filter shall be designed to easyake  maintenance costs, i.e., the details are showrabieT4.

off for cleaning and easy to install its back, gulock  The present Value of cost saving of the optimargne
basis are required. The double pre-filter is used t management system which calculated by the discount
layers, first is nylon meshwork filtemd second is ate technique is calculated by Eq. ¢hg details are
polyester that normally used in air conditioningsteyn shown in Table 5.

as shown in Figure 14. Present Value (PV):

4. EXPERIMENTAL RESULTS

In this experiment, the details of designed vetitifa
blowers by using Eq. (1) and Eq. (2) are shownabl&  where:
3, and selected air blower shown as Figure 15.

PVi )

N
i=0

PV, the present value of year

Financial Analysis N  the number of cycle year.
The Life Cycle Cost (LCC) of system is calculated b
Eq. (3) that LCC of precision air conditioning syst is Furthermore, the proposed ventilation system with

11,863,017 Baht. And LCC of the optimal energy optimum design by the optimal energy management
management system is only 1,562,246 Baht. Themethods can enhance the energy efficiency for helep
proposed system can reduce LCC of environmentalexchange which can reduce the energy consumption up
control system for telephone exchange up to 10730, to 91.54% from existing precision air conditioning

64



S. Rimsmutchai et al. / GMSARN International Jouth&012) 59 - 66

system. Figure 16 shows the energy consumption ofequipment operating temperature, relative humidity
proposed system and conventional cooling system. and air particle. In addition, for flexibility and
efficiency of operate and fixing the problems, the
system shall be designed and installed with both
automatic and manual mode badise watchdog
system have to provide, alarm and warn when a
trouble is brewing such as when ventilation fan

KWh
120000 ©

100000 ~~

L
80000 v break down, the alarm should send to the
60000 / responsible officer. Although the air ventilation
SITEIT / system is the main system, the existing air
20 17~ & conditioning system have to available for cooling
0 ¥ . . the room for all time, especially need to be wogkin
peeckion Al NesilatonSyetcn automatically. Finally, from experiment results

conditioning

found that the hybrid cooling system by integrating
Fig. 16. Comparison of energy consumption with air the conventional air conditioning system with air
conditioning and ventilation system. ventilation systenare suitably for reducing energy
h | iion for Precision A consumption for telephone exchange which
€ annual energy consumption for Frecision Al jnqtajled equipment with circuit switch technology.
conditioning system is 107,820 kWh/room and 9,123|P base or package switch technology usually used

kWh/room for conventional cooling system and . . .
proposed ventilation system respectively. The ahnua!” Data Center these devices generated high rate of

cost of the proposed system can reduce up to 286,00h€at and especially, its sensitive to heat can tead

THB/Room. The proposed optimal enengyanagement ~ Unexpected problems with overheating, so, they
of hybrid cooling system is able to greatly redeoergy ~ might broke down. Until we have knowledge base

consumption and operating cost, althoush, the cos@bout this system, advice that not to use with
saving depends on setting point of room temperature above-mentioned.

5. DISCUSSIONS 6. CONCLUSION

The results ofexperiment during operated and The proposed optimal energyanagement of
monitored these hybrid cooling systems whichhybrid cooling system for telephone exchange is
using the air blowers integrated with the exis@ig  redesigned the conventional system by considering
conditioning system found that the system can bequipment requirement, safety standard and energy
released heat that generated from equipments quitéanagement. From experimented results, the
well and has ability to control temperature of telephone exchange can operate without any effect
telephone switching room within acceptable rangebut the energy consumption can reduce up to
with  manufacturers recommend even though theg1.54% and the overall energy consumption
raining day. The major concerned is air particit th decreased 36.92% as compared to the convention
come into the roomsand made air filter clog, cooling system. The annual cost of the proposed
obstruct the air flow and decreased volume of airsystem can reduce up to 296,092 THB/Room with 1
intake to the room, rising of temperature which year of return of investment. In additional, LCC of
caused room high temperature. Some of air particlehe optimal energymanagement system is only
appeared on the wall, walk ways, some on the13.47 % of conventional system, the proposed
cabinets and switching board. At the first time, system can save up to 9,717,708 THB/Room, when
clean-up the air filter every 2 weeks, but it can’t compare with the conventional systefiis hybrid
solved the room high temperature, so, in order tacooling system have the potential for practical
solve the problem its necessary to increas@mplementation, but, it's have to continued monitor
frequency of clean-up the air filter. At the next and evaluated. Further study, when a fan driven by
phase of experiment, additional air filter are a fixed speed motor the airflow may sometimes be
required, two sets of air filter provided, twiceyda higher than it need to be, it is more efficient to
cleaned with alternate basis, under process t@egulate the airflow by regulating the speed of
monitor the air particle. motor. Variable Speed Drives (VSD) with
Over one year operated didn’t found damage ofventilation fan application is the way to enhance
equipments which caused by heafrom collection  energy saving, it uses less energy than fixed speed
of air particle.The factor affects to the proposed mode of operations. The proposed temperature
system should be mentioned as followifigst of  control method by used VSD application will be
all, design and install the system should beinvestigated in the future study.
considered of three requirements including
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Table 4. Comparison of Life Cycle of Air Conditioningand Ventilation System

(1Em " | Year | . "
LCC (Ife cycle cost) | 1 I 3 I 5 I 7 I g I 10 1 [ = [ s I = I o I 0 | Total {Bzht)
Precision Air condition 2 Unit
Cic (initial costs/purchase price) 960,000 960,000 - 1,920,000
Cin (instaliation and commissioning costs) 720,000 - - - - 720,000 - - - - - - 1,440,000
Ce (energy costs) 327,853 327,853 327,853 327,953 327,853 327,953 344,350 379,646 327,953 327,853 327,853 327,853 6,822,039
Co (operating costs) 7,300 7,300 7,300 7.300 7,300 8,030 8,030 9,716 10,688 14,226 17,213 18,934 200,878
Cm (maintenance and repair costs) 30,000 40,000 120,000 40,000 40,000 30,000 30,000 40,000 30,000 40,000 40,000 120,000 1,080,000
Cs (downtime costs /loss of production) - - - - - - - - - - - - -
Cenv (environmental costs) - - -
Cd {decommissioning/disposal costs) - - - - - 200,000 - - - - - 200,000 400,000
Total 2,045,253 | 375,253 | 455,253 | 375,253 | 375,253 | 655,253 | 382,380 | 429,362 | 366,640 | 382,178 | 385,166 | 666,887 | 11,863,017
e | [ Year | o
LCC (lfe cycle cost) | 1 I 3 I B I = I 3 I 10 11 I 3 I s I Tz I o I b | Total {Baht)
Air Blower 3 Unit
Cic (initial costs/purchase price) 164,400 164,400 328,800
Cin (instalation and commissioning costs) 108,600 - - - - - 108,600 - - - - - 218,200
Ce (energy costs) 27,747 27,747 27,747 27,747 27,747 27,747 27,747 27,747 27,747 27,747 27,747 27,747 554,946
Co (operating costs) 7,300 7,300 7,300 7.300 7,300 7,300 8,030 8,030 8,030 8,030 8,030 8,030 153,300
Cm (maintenance and repair costs) 3,000 3,000 19,500 3,000 3,000 19,500 3,000 3,000 3,000 3,000 3,000 19,500 126,000
Cs (downtime costs /loss of production) - - - - - - - - - - - - -
Cenv (environmental costs) - - -
Cd {decommissioning/disnosal costs) - - - - - 50,000 - - - - - 90,000 180,000
Total 312,047 38,047 54,547 38,047 38,047 | 144,547 | 312,777 38,777 38,777 38,777 38,777 | 145,277 1,562,246
Table 5. Present Value of Cost Saving which calcutd by the Discount RateTechnique
Table 5. Present Value of Cost Saving of the Optimal Energy Management System which calculated by the Discount Rate Technique
- Year .
Cost Saving 1 3 5 7 9 10 1 13 16 17 19 25| 'oral(Bahg
LCC of Prec. Air cond. 2 Unit - LCC of Air Blower 3 Unit | 1,733,205 | 337,205 | 400,705 | 337,205 | 337,205 | 510,705 69,603 | 390,385 | 2,012,108 | 343,401 | 346,388 | 521,610 | 10,300,771
Present Value calculate with Discount Rate (PV) 1,635,099 | 318,118 | 378,024 | 318,118 | 318,118 | 481,797 65,663 | 368,470 | 1,898,215 [ 323,063 [ 326,781 | 492,084 9,717,708

Met Present Value (NFV) in this design concept = 9,388,908 Baht.

Remark: ris the rate of interate = 6%
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