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Basement Car Park Carbon Monoxide Monitoring and Ventilation Fan Control System
6lge32005 Basement Car Park qpopE 6cocomEenansq§geecgod $& omigpieogodean
Exhaust gas qpse{o3p¢ Mechanical Ventilation System 006s08q§a33260005
omegpacizacqCencgliont coontanedypidieamnielelop (internal combustion)e agod

Exhaust gas qpzoopd Basement Car Park qp:og€fiean eroamn3oodpodieoanpdi ddelopé
omegpsel Exhaust gas qps 0gEdlo€eomn dlodeg qpa3ad§esadsadooodi

Typical Engine Combustion:
Fuel + Air => Hydrocarbons + Nitrogen Oxides + Carbon Dioxide + Carbon Monoxide +
Water

o2 Exhaust gas gqp:op€ (BE3§omgsi SodcodqiCdlodeg 1 0mg§8Ees005e38
058657283858 (64)03[gb20001 020983Ee32005938 dlodeg a0pd =aCqeaytiog
BE3§omgs canenadyps 205 [yodogn Sseaunlel(complete combustion)gdeoon Exhaust
gas gp: 0EloEoopd
000005008405 8:cCg) (incomplete combustion)elopE 0mgSdesredsdlodeg
(CO)gpradogodaqaopdi 0mg$desred8dlodeg, (CO) 20pd 3aeepCansotio§iznsdedeorn
dlodeg [4boopdi dlopeossndizag (CO) 2005 0odadionpdieo0m 68305e8qiE 2205006 (oxygen
atom) $& 006d:0000:6000 MRS 205006(carbon atom) o3§GeondaonsgHydaodi
ognedogElgbedlamnean (CO) emissions &l 9020 $6G2005 c00duadesonCas
(02qpei006ogPisEero0mdYqPe)elgded conoogd
Safe Level of (CO) dloSeg,
(CO) clobeg, 2005 cpell 22000533506p0S03[gdeo8E0p5I 10PPM Level cogicg&dlon
cpo§eeneao’ 00nEaasnapudigfEaopdi sacomiiadisCancdffedieann eroadogd (CO) dodeg
.AoCeon level oo 0 (zero) [g9aopbi PPM e320p5¢0 part per million (920051 ccocooopd
60lCo20&:03¢ (CO) dlodag cAIE po do€agiE 30PPM Level vpesl edo0pbn oospdeamiyt:

6coo3aR¢ (CO) dlodeg Glo€e| 9PPM Level 83000060 6coo000pd 0opedomoypé (CO) dlodeg
.32600:§& 008080q&dlo&apbupadadoogdi
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ode[op¢ (CO) dlodeg, 10PPM Level asepogE :a§Soplalen (00desads)
653EpEa3EqepbadagiE eqgpdoptoySieneqeadnd8Eanpd

eEN050leur0pd eruadopt (CO) dlodeg Aoy Level $& cpognadudel
oy§2eneepad80d0|03ewd|yoosgCslgdaopdi

Concentration Carbon Monoxide Time
(ppm) (hours)
50 Allowed exposure level 8
200 Slight  headache, sensation  of 3
uneasiness
400 Headache, sensation of uneasiness 2
600 Headache, sensation of uneasiness 1
1000...2000 Confusion, headache, nausea 1.5
1000...2000 Balance loss tendency 0.5
2000...2500 Unconsciousness 0.5
4000 Fatal A

PPM CO Time Symp toms

35 PPM 8 hours Maximum exposure allowed by OSHA in the
workplace over an eight hour period.

200 PPM 2-3 hours Mild headache, fatigue, nausea and dizziness.

400 PPM 1-2 hours Serious headache- other symptoms intensify.
Life threatening after 3 hours.

800 PPM 45 minutes Dizziness, nausea and convulsions.
Unconscious within 2 hours. Death within 2-3
hours.

1600 PPM 20 minutes Headache, dizziness and nausea. Death within
1 hour.

3200 PPM 5-10 minutes Headache, dizziness and nausea. Death within
1 hour.

6400 PPM 1-2 minutes Headache, dizziness and nausea. Death within
25-30 minutes.

12,800 PPM 1-3 minutes Death.
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63200501 @o200pd SS 554:2009 IAQ code op€ewdlgooneaxn Recommended (CO) elodeg

. Level o 9PPM 9620001

Table 1 - Recommended IAQ parameters

Parameter Acceptable Unit Measurement method /
limit {8 hours) Analytical method
i. Thermal comfort parameters
o) < Air temperature — by hot wire, thermistor,
Operative temperature 241026 C | thermometer sling or equivalent method.
Globe temperature - by Globe thermometer.
i <65 (f
Relative humidity bu&’:" % By thin film capacitor, hygrometer, thermometer
< 70 for existing sling or equivalent method,
buildings)
(under peak and
common part load
conditions)
: By hot wire mathod for linear air velocity or Kata
Air movement 0.10-0.30 ™S | thermometer for omni-directional air velocity
method or equivalent.
ii. Chemical parameters
Carbon dioxide 700 above By real-time non-dispersive infra-red sensor or
outdoor PP | equivalent method.
Carbon monoxide 9 ppm | By real-fime electrochemical sensor or

equivalent method (NIOSH Manual of Analytical
Methods 6604).

Understanding of Basement Car Park Mechanical Ventilation System Design
Basement Car Park Monitoring System o3 8&&[gjcpdop 93
[4lyEB:038:9S 008 §ancdenunaS0005 Basement Car Park Mechanical Ventilation System i

26[9988E:32q05320005¢p203 98§ 0oq§ 326000
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Smoke purging system
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low level
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= == I 15t storey
] e= m -
N [9 AR CHANGE/HR | TN
Y
- — y
Basement 1 carpark :rf-\c‘q L= |
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Section

Guo0p03igE Basement Car Park gpso3 M&E Consultant o3 Design and Build
m&0oadomgp:oogd 6 Air Change and 9 Air Change o3 s26[gdq) Mechanical Ventilation
8&&{g100d[o30005

Mechanical Ventilation Systemaopb 6 Air Change per hour c332600051 6 Air Change per hour
aB32000¢n 00ds0giE 329§ o8 Basement Car Park csepei cocopd (Volume) Bso $¢ pdgieom

6003 copbuodeuigsadaopburadadaopdi oogod: Basement Car Park Bl ¢l cocopSen 30,000
m3 §og€ od B1 320905 180,000CMH 835620051

Centrilized Air Con 00680& con200pd 22680005338:qp:orE ACMV Service 350305 Normal Mode

$C Fire Mode upq) eeledlelgpadecydoopdi Normal Mode 830005 oo cddacdEs ol

05005652009 326800053>B:MBIE Service gps 03 a3c8o0pdi Fire Mode 83000500
2268000535560 Main Fire Alarm Panel ¢ Activated [g52005 326l 03 a8c8aoobi

2268000535:0009 Fire Mode eepodoopdsasl o8 Main Fire Alarm Panel ¢ Activated (462005
208l ACMV Service 03¢ cpbesonCoepypign§oopdi

[36:0E:6§002005 1,900 sq. m 00532005 basement car park gp:ogE Smoke purging system
03 000808035 332600001 Smoke purging system 20p5 22680005338:61 Main Fire Alarm
Panel ¢ Activated [g92005 328l ccocoboodsi§:ad 6 Air Change per hour ¢ 9 Air Change per
hour a[p&:c5q$ 83250005

For basement car park > 1,900 sq. m Smoke purging system having 9 air change/ hr Activated
by building alarm system.

Smoke purging system o Fan qpzo? 328: S§eoon FCC snediaaoglsq Remote Panel
6en8:5$E8Equpdi FCC 32082080000 39680005358:qpiogESmoke purging system ¢ Fan o303
cenliq$ o0pOgp:n3 con:gEaopdi ad3a[gESmoke purging system ¢ Fan cunsesa0pd o3
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q0es200503 23§gs 320305 S:adicudoneroigpiyé cwdlgoopdi

Remote manual start-stop at FCC, or Main Alarm Panel if no FCC.

Smoke purging system ¢ Duct qpz03 8200 1.2 mm §eoon Heavy gauge duct
qPeySeso050ob0maepdi Exhaust fan rating 20p5 s20§$ 250 Degree Celsius S
§o§oppesmt oqodediodewnt:§Equpdi Exhaust fan rating : 250 Degree Celsius @ 2 hrs.
Smoke purging system ¢ Fan Secondary source of power supply 02) Emergency power supply

[gSs00da305000:q0p5

Smoke purging system o€ Supply Air Fan $& Exhaust Air Fan op Fan | §g§oopdn Supply Air
Fan 20p5 basement car park 33038203 [g€oe aoogpzod centioopdaopd Fan qpsgdlogoop
Exhaust Air Fan 00p5 basement car park 320380 aoogpso? [4€oad ¢jodoobeam Fan
qPelgdlo300pSi Exhaust Air Fan qpzad eeents o3 Supply Air Fan gp:od eontsq) eqeeant Inter-
locking [gjeoS00m2aepbi ada3 Inter-locking [gap&aoniquopdsaeioyplawn S:eantgtsn?
029829 §[gdaopdi Exhaust Air Fan qpod eeents o3 Supply Air Fan gpsoo eentiesoopd
Basement Car Park 008903E8:0008600E0000358] [§6:0005683209590530000n 820005
ocnmapCimnoan§iyCigneconoyBiooobi Supply Air Fan oo
B:ecnCogudoopdesmnddqidlodeg, (ecv) o3 B:eomadeomiEiesmitnodeo:annyalydoopd

Basement Car Park Carbon Monoxide Monitoring and Demand Control System's Design
Consideration

20g8[0Fenieo00 Basement Car Park qpsogC & (Zone) qp:dq) Supply and Exhaust Fans
qPea3ondsoenydoondi ¢ (Zone) codemaogiopaopds 0odnd:c005dea0 and Exhaust Fans
:2034P:000808conenp§oopd Supply $¢ Exhaust Fans saeo3050r00pd[gdeocopaopdigbeon
Supply Air Flow Rate $& Exhaust Air Flow Rate o Car Park ood9aa0p8: o3 & (Zone)

0069303E:09E0p86$83252001

Basement Car Park &l Mechanical Ventilation System 20p5 SS530 (CP13) s2q)
83&:[y0p602000580E[0300001 9§60 SS530 (CP13) 2005 Design $& Installation 330305 Guide
Line [gd205[gb20051 Operation 220305 226800052288 c00m0 (Office, Shopping Center)

$&oogeayaocfiyrpbiozoopds

SS 554:2009 IAQ $& SS 553:2009 20p5 Basement Car Park Monitoring System o3 operation
0065320305 Guide Line [gdaop0i
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Control Strategy
CO to be controlled through

DDC via EA & FA Fans

Carbon Monoxide Sensor

[ J Fresh Air Carpark e} > { JExhaustAir
L/ 1/

Basement Car Park Monitoring System & 39%18:@{): Desing Idea ¢ Basement Car Park
2038:09¢ (CO) dlobeg, Sensor gpzonbsole) Supply and Exhaust Fans o

83250000 208l00006waEgEgd0R5!
Compliance of Carbon Monoxide Content

SS 554:2009 IAQ 3¢ indoor Gsepyp:i occupied spaceqs §§ opyp:
6$03E300000003E 0 esepqP:a0R05 Recommended (CO) dlodag level o 9 PPM [gdoopd

a3ea0b Basement Car park 3s03€:§eco o50pE Carbon Monoxide dlo€| (Content) 63SS 553 -
Singapore Standards (Formerly CP 13) 326 00§0§3203€ ¢y 25 ppm 2208g¢{goopb

For basement Car park: CP13 permitted level 25 ppm average over an hour period. (CP 13
14.1.2 and 14.1.3)

odelo3p& Basement Car Park Monitoring System i Operation and Control Strategies ¢ Car
Park 92000 00b9=0038: o3 & (Zone) 00d9=a0pE:03¢ (CO) dlodeg Sensor ¢l Reading 324 9
PPM a3eepadagi€ Supply and Exhaust Fans o3 8o5(Shutdown)e§sE 15 PPM o 25 PPM
adeepod§olon Supply and Exhaust Fans o3gScopdewntaseslgdoopdi

CO dlobeg, Sensor

(CO) dlobeg, Sensor qpopE saeepsa|oBadieooaagpen Sensing Range [g920o5n Sensing Range
aBo0pden (CO) dlodeg, Sensor 205 ©pd0p53p0703260:320066p0H63E Sense
006820050338 20p51 CO) dlodeg, Sensor & Sensing Range o3 Diameter 3aqC: o8 Radius
22g)C:009[gCe0d[yenydioopd adeloppé (CO) dodeg Sensor gp:a? ©560003) Positing
[g096§EqfzacaE0F:00051 058000y Positing ofgap&dlon Sensor gpzaopS Car Park Zone
00d9de3: complete coverage [36§E8GwpSuupodeon CO dlodeg, Sensor

c832620050005393:80|qPelgbeI§E 200
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CO dlodeg, Sensor gp:op¢ Sensitivity range §oopdi co&eagpeodn Sensitivity range ¢ 0.5 -
200 ppm 2203E5{gda001 2003y $3ag05¢0 Sgpseadn ppm o3 Detect
QbqbscgadmoplopPedeatoogh

CO dlodeg, Sensor gp:ei out put ¢ 0 to 10 Volt DC a3 4 to 20mA [g[o30005

eqrRodaRE CO dlodeg, Sensor $¢ Controller 03ag053l§eo0> module gpz§oopd

Controller qp:

Basement Car Park Carbon Monoxide Monitoring and Demand Control System & controller
qp:eo Direct Digital Controller(DDC) gp: 93 Programable Logic Controller (PLC) qpslg®[o30005

Controller gpzeil 030860 CO dlodeg Sensor gp:6il out put value gpzo3eodqSse
2005905000:0000 Algorithm 3203E: Car Park Fan qpzod cenaseS§[gdaopdi

Control Strategies $& c003yg$32q/054p:

SS 554:2009 IAQ 326 Recommended (CO) dlodeg level ¢o 9 PPM [gda0p51 OSHA 6l
9¢[ggIod329 35 PPM feomecoapesepozd 508 [o3pesadEapda3EsEaopd

(Maximum exposure allowed by OSHA in the workplace over an eight hour period. )i
033250550903 326[gde) doodesaca:0at§eoon Car Park Fan gpsoopd CO dlodeg, level 9 PPM
o3¢ Shutdown codeSgd[Bs CO dlodeg level 35 PPM 03¢ [yScopboonCewnaslaflgdoopd
SS530 (CP 13) 32q) Car Park gp: i Ventilation System o3 Normal Mode o3¢ 6 Air Change [g¢
8&&yi0pd[oa20p5n 0B 6 Air Change 20p5 Car Park oodadsaacnEoné
omgPez20C3209054qpg$ 3o gudgdaLiyrod[gtdydoopd afeadd Office Building &l
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Basement Car Park 0000 §:o005§$1 ¢geol:§§s¢ egcopdooetion§§odogtomn
0223208320905¢P:00001 o YSP:pE 02:3208209052005 6roennds5:00p5N CO
dlodeg level c3325qi0532¢ Basement Car Park Fan qpseencqsadsnteom soqjsen 6

§7§ 0005505200001 236005 Office Building &1 Basement Car Park qpzoopd $s05 6:30 000Cq)

£09:00 22a8ewns{my00p0n adelo3pé CO dlodeg level 33q 00350 20pdma§SqpsogE Basement
Car Park Fan o3 305[40[g€s{gE Energy Saving [ocp68Eo005

20§|e000 Basement Car Park Fan qpzogE Variable Speed Drive (VSD) 00&s0Eoongogoopdn o
Variable Speed Drive (VSD) 006808002600 Basement Car Park Fan o3 a$:0805[gd8E0003

VSD Speed aogpqgCagpelgcpd8Eaopd

2003[gq$329j05¢n Building & Fire Mode (462005 Fire Code 324 Fire Mode op& Basement Car
Park Fan 220320005 9 Air Change [g&eenE:qepS[gdo0pbn oBsago5o0p5 Control Strategies $&
Wiring [geo6o0pd2egj$03¢ sacgiencegndaopdi odeaged 03 20036(gddlan SCDF oo Fire
Inspection [gopboopdsad§ogt pass [§dc8epSevrodeol

Energy Saving powo

22680005359:0009c1 Basement Car Park og€ Car Park Supply Air Fan G od: (15kW) $C Car Park
Exhaust Air Fan g o (15kW) §oopdi o3 32680005358:0000 Monday to Friday $505 q §08e po
6 $283203 Fan gpodeents qoopdi (11 hrs)i o3 Basement Car Park 20p5 CO dlobeg
. monitoring System 0oo6s08qeo0:S03¢ 505 q §9§0 p0 6 §o§32083>§§[yod Fan gpiodewnts
§20p51 CO cloSeg monitoring System 006808305 [gEselopE codesadiont gbsy)

Es0ornewntigscdendagé 0odsdsaogE kWh by Save [gdopdspdar o kWh agé
$0.2369/kWh [906cq€ egendyjoondamepdsad

Week Days

Week Days

4 No of Car Park Supply Air Fan 15 kw

4 No of Car Park Exhaust Air Fan 15 kW

Existing Load 30 kw

Existing kWh 30kW x 11 hrs x 5 days x 52 Weeks

85,800kWh
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Estimated kW after complementation 23.5kW x 6 hrs x 5 days x 52 Weeks
46,800kWh
Estimated kWh Saving 67,219kWh - 24,449kWh

39,000kWh per year

Estimated kWh Cost Saving 39,000kwWh x $0.2369/kwWh
9,239 S$ per year

opSq| Energy Saving [gdooc3adom Sensor 6o3006908{Gsoons Car Park 32030593 000530 Car
Park Fan oy oodesagi€aad§ondecnadonudsdsn§ewntioondsdomnodtomgEaogd

o300 Car Park 008903 CO Sensor monitoring System eondeCen 0o$80qiE o3 0odew g€

opSq| Energy Saving Amount §§E00056302003 9§08:03 $C 000060063203C:¢0 (Pay Back
Period 000560000532098:00) System o3 00680880503 220305 mEmegeogad Energy Saving

o [g8qeudSedomad Grantee 6o 3a09$e052005I

-End-
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