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e Temperature (°C)

e Relative Humidity (%RH)
e CO, Concentration (ppm)
e Carbon Monoxide (CO)

e PMas/PMyo

e TVOC (Total Volatile Organic Compounds)
¢ Formaldehyde

e Air Velocity

e Air Change Rate (ACH)

e Fresh Air Rate

e Bacteria / Virus / Mold

e Odor Control

JII I1AQ 9603983(\3]5 Bsgf.em 01"%8096618@333?9(1[98

SHORT TERM EFFECTS

HEADACHE

NOSE, THROAT, l

EYES INFLAMMATION

COUGHING,
PAINFUL BREATHING

PNEUMONIA,
BRONCHITIS

SKIN IRRITATION
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AFFECTS CENTRAL NERVOUS SYSTEM
(HEADACHE, ANXIETY)

CARDIOVASCULAR DISEASES

RESPIRATORY DISEASES
(ASTHMA, CANCER)

IMPACTS ON LIVER,
SPLEEN, BLOOD

IMPACTS ON
REPRODUCTIVE SYSTEM

o "](‘ o _C
[DICea{ N~ CSO?(Y)I G

[2p]

¢
():%2

@

®PP®®

oo

C



° LI n Q < < o oo o A S i
QR329P "In-house syndrome C\aearrcnooeoeog 63030PIVED 3IQPEIS @o?o@[ogage@m Sick

Building Syndrome @o%]oougu
Indoor Air Quality (IAQ) eemoésclo:) ae@aé:q&tﬂas

. ecuoéecoogag eermé:@és (@mézecﬂoggogooozmm ecoecoécm)

9 O [P . Q C . PO
* 93000000007 carbon monoxide 20601 nitrogen dioxide

[y C ° C N C C N . N
*  D0$QCEQEUPDOI 326ELS! 600XV VYDAEORMD QMDY volatile organic compounds

(VOCs)

C
s SNGOII éOGQI@CS
1 ]

C

J 6{108803)& &{IUSGIé(QI@Cg



2 (allergy)

C

C

G’)CDQO)@SOOO’)

C

O’)GC\D%CUOEH’)Z

5094t

°
o

Q Co
] 0?0393’3’)

agc C__C N
0']!) :7.7)(\?0339(\)

C

C
mecoll
05

SG(S]

<
[gO’JC

c

C

C

C

C
Gi@e GC\)OCGC\)GODO’.)G(TJ’.)CSGW)C

(.;]II

o,
o

(o0}

oo

B
°8
o-

“O

oo

30-50% o$

omL
ool.

8}
06~

qlmcql&ﬁﬁgéem mtgcmelps



C o o(2C
J Q{I(’T)C\)SUJDZLD@CS
L
"l C
e S§DGI CSOI)S@CZ

C C C
eqgeloondeqpadgyp:
e Asthma
¢ COPD

[e] ocC C C Cc O
e Lung Cancer (@qu;’aaooe’)ooeﬂo:?g Clesieelcles) Q)
e Heart Disease
o Allergy

e Chronic Fatigue

e Sick Building Syndrome (SBS)

o C C
ol 1IAQ M V039062 33661.@. Parameter e":).

Parameter Recommended Value
Temperature 22-26°C
Relative Humidity 40-60%

o C [} C CoOC C
co, <1000 ppm (el]:afaeao')msfaeeﬂogogc C\)ma‘%ce:):oafaaog)

co 3303%?&5399@(

M. fo2:3C0qpprepd



Recommended Value

Parameter
Air Velocity 0.15-0.25m/s

Q C C C
Outdoor Air Occupancy 32000002003

Gl Mechanical Ventilation @sq:cﬂi’lx

Bath
Exhaust

2
T

Bath
Rtk Exhaust

Supply

Motorized
Damper
(controls
(controls  open time)
Filter flow rate)

Outside

ir

I



AHU (Air Handling Unit)

Fresh Air Filters

Mixing
Chamber

Coils Exhaust air

BaS —&

Hot water

Return Air o s
Mixing
Chamber

Mechanical Ventilation &) :;fagmeléa(ﬁ;ﬂ(rgeﬂosg)
e Fresh Air eo:@éz
e CO; G(\}J?éﬂ@ég
o C C
. 3ai®w§pz[§cz
e Heat (905§P8[§(€3

¢  Humidity 08$3@é:

coil /DX caoil

Supply Air  Supply air



e Indoor Pollutants @056]’)3@&:
1
o . oC C
e Positive / Negative Pressure oo:%:@cs

e Infection Control (Hospital)

ocC C
e Cleanroom Pressure Cascade oo%s@cs
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Ventilation System (emocemongfo) VDR MS?

Ventilation System a%ooé?o 39@@030’3395: ogLoeo?ch @(75@:]3’3085:? e (Stale Air)i
(o3¢} Co . g ¢ C o QC C . o o
Y (Heat) ©0OCE30 (Humidity)i 095 (Dust)i 309, (Odor)i 3aaooeoooego(Toxm Gas) Pz

wo\gﬁpz@z emoo%° (Fresh Air) 0"?) mm:o@zeozem 0@5 @66]03&5u
ASHRAE, CIBSE, SMACNA &¢ 1SO Standards qumé Ventilation &)é
1o (o]
C ’] C C C o C o@o C
Gc320MO0 q&)glwamqpesaogm 3’36610 oOOgll
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e Toxic Gas @Lﬁﬁpsgéz

e Fire & Smoke Control
Ventilation System 33!%{:330302
33803333:@(? (Q) c%l: %’]d]ooéu

1. Natural Ventilation

2. Mechanical Ventilation

3. Hybrid (Mixed-Mode) Ventilation
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HOW DOES STACK EFFECT WORK?

Positive pressure
pushes air out of
windows, seams
and cracks on the
upper levels

Air rises to the upper
levels as it warms and
increases positive
pressure near the top
of the building

Negative pressure on lowels levels encourages
infiltration of cold outdoor air through windows,
doors, and openings
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Stack Effect and Tall Building Fire Hazard









Stack Effect ms@oé @Seérwfés?
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396[595:515:?0 cooel agﬁmésao (Air Density) G[L})E:QBB&G@')C Saoéu

* QGG (Hot Air) > agﬁa)ésao.fé: — sJ!Jls — netsragomagaaéu

. oC C C O C C
e 632362006 (Cold Air) > DLPIZOYPE — 6CVE — 6IDMAIOCIVRII
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pow

Outside Air = 25°C

Inside Air = 38°C
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336&”“)33883’3(73(28 G(\)ZDB gﬁs‘fems C 360u aiommagos s Roof Vent ?
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Stack Effect 33(\25(\?8(}

Roof Vent
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Hot Air Out
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1

| Warm Air |

N2
Fresh Air In



(Louver)
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3. Roof Ventilator © oongansméu
o o

4. Pressure G(\:u?agassans@oé e:raomc? Fresh Air oémwéu

5. Continuous Air Circulation @56675)&3(||
Stack Effect crc.:w @5606330 saq_lmcqps
Stack Effect 33086(0088[5&" ms*és@ésmé emmcoﬂlsaqlmcqpsea\ﬁméméu
on Temperature Difference (AT)
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¢ Inside =40°C
e Outside = 25°C
AT = 15°C

Ju Building Height (H)
:;acaoorrgsfaﬁs @éewem Stack Effect ?L)m:efmé:ec\)cmu
guw

e 5m Warehouse - meés

« 30 m Atrium = 30

e 200 m High-rise Building > mag%mscmf:s



C C
! Inlet $¢ Outlet :?a@gtrbngouﬁ
Fresh Air Inlet ﬁié Roof Exhaust @93 Vertical Distance YPiecoec Stack Effect

Seom&:naSn
L 0
Cross Ventilation a§0‘n ?
> . -
g
-EEEEEEn .-..----..-...r
L’m LB N B B B N B B B N N N B 8 J

[T

d




. . C [of C C o C C <] C C .
Cross Ventilation (Bmmf:emocsmogm) VW s'aeaooms'aeseﬁ MoVMY Fresh Air

05m|§° 20$ 5300539@5'3 ccoeuUNEs (Warm/Stale Air) adancoqs
s 09M) 3 ° gMIPeeoqy

@lc?f:omsem Natural Ventilation fé:ch: @56]a>éu

C C . o _C (*] o ° -] C o C '] C
GCs0R0 Wind Pressure (emaim:ms M POMIPNs(Y|(gs 6C000C:HM [Yocoulopon
£ C C o o C oss C C C
€M AN EINNDM (Windward Side) C Positive Pressure |[@o|Qs €aoocaN
2sm€Enad (Leeward Side) né Negative Pressure @533@5 6005220511 1
M 3 ¢ gMP0eSH 9)

. C [+ C [} C C ’r '] (%
Pressure Difference ¢ c 3’331"33’3%03 smo:aoczﬁ (>1-18]{aba 18] OJBII

Cross Ventilation :7)050?3@56:.%3(\3?
Cross Ventilation Bﬁsﬁs 338()9(313386:1)9335"(”5 ('\J) qjmce‘n
(9) Wind Pressure

o _C ('"
smo?mslee

(J) Inlet Opening

Window
Louver
Door

Fresh Air Vent
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Bedroom
Living Room
Kitchen

Bt
[

@méseé]wge"om? ao%rrﬂémmcmmcagéooosﬂ Cross Ventilation slemé g%ésag@ooéu

Jn Office

Open Office qpsogf:
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Fresh Air vqeoq$
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Warehouse qugé

Wall Louver

Roof Ventilator
BB 23461
Heat Removal
oS(moopSn
u Factory

Heat
Dust

Fume



4P2eyP:6a0 Factory qp:ogé maé:@l.‘széa)éll

B Livestock Farm

Chicken Farm

Pig Farm
Dairy Farm
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Active Ventilation $¢ Passive Ventilation 02 3aeaoomaa§3acgcs ecoceoRM
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oIl Passive Ventilation (a)moemoéscoogas)

Passive Ventilation a(?a)écjn Fan ﬁ;uu?og Motor 9:1?::73 mmoemd?m‘-@& (Wind

C crc o ° C C
Pressure) $¢ ﬁsmec\)mmgc: (Stack Effect) 2] :raa?z[t}lfsj 6Q00CERM

C C C C
BOGOGC\T)O‘?O @0038"

C C C C C C C
G(\)GS’BSZD& 633’)()9?06@8 (I{eaooecuaoe me(;ra%g)mm Roof Vent © ogmagosmeu

Passive Ventilation gow
o @coé:e(ﬂog (Windows)

e Air Louvers

¢ Roof Ventilator
¢ Ridge Vent

e Solar Chimney

e Atrium Ventilation



¢ Ventilation Shaft
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| Room

A
|

Return Air

Exhaust Fan
|
Outdoor
. o [of cC 00 ° o C
Fan 4P Fresh Air M) 323$33207C320. cl)u[ga 3BQ?°E|_@°GO.7) coom Exhaust Fan @g
»[§€a3 moSubaspS
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Active Ventilation guw

e Fresh Air Fan

e Exhaust Fan

e AHU (Air Handling Unit)

e FAHU (Fresh Air Handling Unit)

e ERV/HRV

e JetFan

e Smoke Exhaust Fan

o Staircase Pressurization Fan
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o V Fresh Air oeocum% agén:umu o&?s:q_"f:%&l

C
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e CO,1 Humidity .Jsc? Temperature 0'? 3o
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« « Indoor Air Quality (1AQ) 6MNCEY601RN
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Hybrid Ventilation (66153050.?5)
we$6305 Green Buildin 302¢€ Hybrid Ventilation 03 3295:9pzconlaoaSu
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Wind
|
v
Open Windows
|
v
Building Space
A
|

Fresh Air Fan
|
v
Exhaust Fan
spogea?em&méaaaﬁ%cgg Passive Ventilation (r? 333[’2:@[@& C\I'{qumggs ﬁ;.oeu?crg
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HVAC Engineer 3[4&
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Fresh warm air (indoor supply air)



Return air

Supply air

ri Green Building

LEED
Green Mark

Green Building
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ross Ventilation 2005 Energy Saving 32030 3aeq°@.oaeu
Cross Ventilation eméemsfcpqps
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+ Data Center

e Cleanroom

¢ Hospital Operating Theatre
e Pharmaceutical Factory

e Laboratory

e Chemical Storage Room (Hazard 39(\30’5 Mechanical Exhaust cﬁs’aﬁ%éwé)

« Battery Room



¢ Underground Basement Car Park

gﬁe.]sspeuo:%é Mechanical Ventilation a%eo?ag Controlled Ventilation rr? :raa?a@lel:néu
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Cross Ventilation Stack Effect
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03 Natural Ventilation
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HVAC Engineering %5 Cross Ventilation nv% Séspé Building Orientation, Local Wind Data
. . . . e € Corimorn _
(Wind Rose), Opening Area Ratio, Indoor Air Velocity ((3?1‘. WE$33:qP03C 0.15-0.8 m/s

C C o cC C C o0 C by C
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¢ Warehouse
e Factory

o Aircraft Hangar

e Sports Hall
e Church
e Atrium

e Green Building

e Airport Terminal

Stack Effect e m:fé:qlﬁqp:



High-rise Building qp:%é Stack Effect 33(\3%&"9:(\3]3
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Stack Effect Pressure (Engineering)
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AP ~ 3465 x H X (7~ —7-)

me@ogsmq)qps
e AP = Pressure Difference (Pa)
e H=Vertical Height (m)
¢ T, =Outside Absolute Temperature (K)
¢ T;=Inside Absolute Temperature (K)

. T - . c . c
91 Equation 0% High-rise Buildingi Atrium $¢ Smoke Control Design 4Pso3¢
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L Mechanical Ventilation
1. Fan Power (Fan e g&ssa&\?afaﬁqlmc)

Fan Power ac?ooég) Fan Motor m mo%s@lslem C\;:_Iﬁooggﬁsm: (kw) @5aoéu



33665 Formula

Power (kW) = (Air Flow x Total Pressure) / (102 x Efficiency)
e Air Flow = m?¥s
e Pressure = Pa
o Efficiency = Decimal (eom 0.75)

pow

Air Flow = 3 m¥s

Pressure =900 Pa

Efficiency = 75%

Power

=3 x 900 / (102 x 0.75)

=35 kW

Fan Power Diagram

Motor

Air Flow

(m¥s)

Electrical Power



2

Mechanical Power

2

Air Power

2. Fan Curve

Fan Curve a)é Fan Performance o% GWSBGQZT) Graph @&néu

Vertical Axis

= Static Pressure (Pa)
Horizontal Axis

= Air Flow (CFM or m¥h)

Pressure



Systom Curve (with system effact)

System Curve
(as calculated)

o -

Static Pressure
(in. wg)

12
1w [T TTTTTTTTTETTETT :
81 :
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! [
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plll —» l——
Actual Performancs | !
1 [N TR ST E. [N P! 1 [ L1 1 1
' I 1 1 1 ] I 1 1 Ll I ! 1 1 1
2000 4000 6000 8000 10000 12,000 14000 16000 18000
3000 6000 7000 0000 11000 13000 {5000 17,000
Airflow Rate (cfm)
Air Flow

28105

. c C C
e Air Flow qpsmoae.lsg Pressure so:u?oaell

C o © C "l
e Fan moo?:oogc Fan Curve eoqoli

¢ Fan Selection @lc?&pogé Fan Curve .Js§ System Curve a‘é oé@éslaoéu

Fan Curve + System Curve

Pressure



DUCT STATIC PRESSURE CALCULATION + FAN SELECTION

STEP-BY-STEP PROCESS (REAL PROJECT EXAMPLE)

TYPICAL HVAC AIR DISTRIBUTION SYSTEM TOTAL STATIC PRESSURE (TSP) BREAKDOWN
£) Ebow (Fitting Loss)
Main Duct / .
Biiiiiiing Pl / Straight Duct Friction Loss 180 Pa
D Branch Duct Fitting Loss (Elbows, Tees, Transitions) 120 Pa
Filters (Clean + Dirty Allowance) 220 Pa
P4 Cooling Coil 160 Pa
i) vav Box / Terminat unit 90Pa
© Difeible Duct Diffuser / Grille 35Pa
- g Damper + Vi
© FlaxibioDuct [ Difuser / Gl m e e Mo, il
[E) safety & Design Margin 26Ps
TOTAL STATIC PRESSURE = 700 Pa
PRESSURE CALCULATION FORMULA REAL PROJECT EXAMPLE FAN SELECTION CURVE
TSP = ¥ (APt + AP fatings + Parameter Vaiue ?
‘ BPgner + BP coit + AP armingl) 5 Total Airflow 8,500 /s ‘g’
@ Straight Duct Fri @c«xur’amhmn 2286 Pa i
@ Fitting Loss (K-Factor / Eq Length) S AHU Interal Losses MUsPe &
@ Filter Pressure Drop (Clean + Dirty) Dirty Filter Allowance 100 Pa ‘;
@ Coil Pressure Drop @ Safety Margin 25Pa
@ Terminal Device Loss | 2000 4000 6000 8000 10,000
© Add Safety & Future Margin ¥ YMF@MM 700 Pa Airflow (L/s)
= e KEY TAKEAWAYS
* E @ Calculate Real TSP
MSTARETOAVOD - O ey SRcw tol
Ignoring Not Adding Incoeroct Ovcmm/ Excossve No Safety @ Use Manufacturer Data
Fitting Losses :my Fiter Critical Flexible Margin © Select Fan at Best Efficiency
Path " Duct @ Avoid Oversizing

System Curve

3. Fan Efficiency

Fan Efficiency :Dé
C ; o . [c ¢
Input Power §¢ Output Air Power o?l)e'ﬁ mqll.@ooaeu

Efficiency (%) = Air Power / Input Power x100

Electrical Power

100%



Useful Air Heat
Power Loss

80% 20%

Efficiency B{fem
* Motor Size 6203600
e Energy Saving @56(\)
e Operating Cost eqqpec

Fan Efficiency Curve
Efficiency %

Peak Point cri:’
. o . C
Best Efficiency Point (BEP) ® Ga’r:uell

-] C [of C C C C
Fan rr?z BEP ?sﬂsogc 33&20(\209051% eazq_lmoognoeu



4. Fan Laws

Fan Speed e@')és&)emmrﬂ Performance eéa%s@')

C C C
03033 M0
Law 1
Air Flow « Speed
Qz/Q1 = Nz/N1

Speed fesao

N

C
Flow §00

Law 2
Pressure o Speed?
Pz/P1 = (Nz/N1)2

Speed .Jsﬁao

2

Pressure e03sso

Law 3
Power « Speed?
Power./Power; = (N2/N;)?

Speed .Jsﬁso

2

C
Power ﬁloao

C
Cc

320

&

o
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L

Fan Laws @
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Fan Laws Summary

Speed Flow Pressure Power
100% 100% 100%  100%
110% 110% 121%  133%
120% 120% 144% 173%
150% 150% 225%  338%

200% 200% 400%  800%

Mechanical Ventilation Fan Selection :naoéeuo:

Room Load

|
v

Air Flow Required
|
v
Static Pressure
|
v
System Curve
|
v

Fan Curve

C C
ma)e



v
Operating Point

|
v

Efficiency (BEP)

|
v

Motor Power

|
v

Final Fan Selection

Fan Selection Checklist

v c313ac$eoao Air Flow (CFM a%uu?org m¥h)

v Total Static Pressure (Pa)

C . . o C ©
v Fan Curve $¢ Operating Point MmO

v Fan Efficiency (BEP $SJ|8)

C

v Motor Power C\?GC\)‘)Mﬁ

v Noise Level
v Fan Type (Axial / Centrifugal / Mixed Flow)

v Variable Speed Drive (VFD) C\?aagﬁ






Efficiency (%)
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Motor rated power (kW)

Figure 1 IEC IE Motor Energy Efficiency Classification



2.4 Variable Frequency Drive (VFD)

A VFD converts input power with a frequency of 50 Hz current (single-phase with low power)
into a current with variable frequency. This can be adapted to the application variable ratio
of voltage and frequency are programmed. For media conveyance, the stress (decisive
for the magnetization) is disproportionately reduced as the rotational speed decreases,
because the load of a turbomachine decreases with the third power of the rotational
speed (Figure 5).

Input power P (%)

104 —
100
Power curve
of throttling
80
60

VFD energy
saving

40

Power curve E | ¢
of VFD BElKe PAIRESG
20 RIPE
0 : + ; ]
25 50 75 100

Flow Q (%)

Figure 5 Energy Saving of VFD in fan system
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() Supply Ventilation
3’3@56(\)6% m%ésagpagéseo:a)én
@aig|epesep

o Office

¢ Cleanroom

¢ Hospital

(3) Exhaust Ventilation



»gsglepesep
o Toilet
e Kitchen

¢ Chemical Store
« Battery Room

(0) Balanced Ventilation
C o C C C ocC C C
Supply §C Exhaust m ooo@lcoo&)’s O $s3)|o00N

wodifyjepetep
« Data Center
+ Pharmaceutical
e Laboratory

¢ Semiconductor Factory

! Hybrid (Mixed-Mode) Ventilation

C

. . C . . . o C
Natural Ventilation $C Mechanical Ventilation 2] etﬂcsoo:raa?:

puw
o eim(nc — Natural Ventilation

o 105 Bewnod 390@5 1§ — Exhaust Fan 5@5"
2 o 1 QYsale gcge:

»ohi(g|epesep
e Factory

¢ Warehouse

e Shopping Mall

BleOf

C
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e Airport

Ventilation System euosrr% mwcefcpogé 3ao.§s[§loacx\)?

Building ma?:@lem Ventilation
315335 Natural / Hybrid

Office Mechanical

Shopping Mall Mechanical

Hospital Balanced Mechanical
Cleanroom Balanced + HEPA

Data Center Precision Mechanical

Chemical Warehouse Exhaust + Fresh Air

Battery Room Exhaust + Gas Detection

Parking Garage CO-Controlled Mechanical

Tunnel Jet Fan Ventilation

Kitchen Exhaust Hood

Laboratory Local Exhaust + Negative Pressure

. . . C C C C o
Ventilation Design o3¢ sagmogmeumelemmsumqpo
. . . C SOl c (*] c_C c
Engineering Design 03C 630MULIRJ MYPM 03MJ MO
1. Room Volume

V = Length X Width x Height

2. Air Changes per Hour (ACH)

Q=VxACH



3. Fresh Air Requirement

ASHRAE Standard 3nq cumoeo:nmcg_l cféaaﬁeo:n Fresh Air orc?’ cgagaummeu

4, Static Pressure Loss

e Duct

o Filter

o Damper
o Grille

o ﬁ o ‘](‘ C C
o02¢eN Pressure Loss M oocL czmmmau
[ L LL o

5. Fan Selection

e Airflow (CFM / m¥h)
e Static Pressure

o Efficiency

¢ Motor Power

. . . (o]
Mechanical Ventilation 3307 MaS?

Mechanical Ventilation (MV) ac?ooé?o ecvcr% Fani Bloweri AHUI FCU oooé Mechanical

. C C o] C C 2] C Y
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Gasoline

Diesel
Ethanol
Methanol
Acetone

Paint Thinner

[] C
:raem:rag,spw

Ventilation Design

6-12 ACH

Explosion-proof (ATEX/IECEx) Fans



e Low-level Exhaust (smooaSsc\):Goao Vapor euo::?aogcﬁ)

e Gas Detector (LEL Monitor)

L Compressed Gas Cylinders

FLAMMABLE _ NO FULL

keep FRE AWAY  SMOKING CYLINDERS
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Oxygen

Nitrogen

Hydrogen

LPG

Acetylene



[] C
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o Cylinder GJ]O’S(%@&

e Oxygen Deficiency
N 8:3(\7)5@5:
Ventilation

e Natural Ventilation smésgoeo:sﬁs
e Hydrogen :raogmc High-level Exhaust

o LPG 33030‘5 Low-level Exhaust

AMMONIA - STORAGE

* Storage Area :

- Should be cool, dry, well ventilated, must be
protected from external heat sources.

- Exhaust fan s must be provided on roofs.

- Water connection with flex. Hose is must.

- While selecting the storage area wind direction
must be considered, so as to leakage will be
carried away from the residential areas.

- Suitable detectors should be installed to detect the
leakage and activate alarms.

Ammonia Safety created by Salim 16
Solanki



e Chlorine

e Ammonia

¢ Formaldehyde
Ventilation

e 10-15ACH

o Local Exhaust Ventilation

o Toxic Gas Detector

¢ Negative Pressure Room



G Oxidizers




BOUJ

¢ Ammonium Nitrate
o Sodium Chlorate
o Hydrogen Peroxide (High Concentration)

8 C
POMIRSPW
e 000 C C C
. oM QQBc:oo.feo@cs
. C oC
o 33693 Flammable Materials YP3§C veEPOLIg

L Corrosive Chemicals



eom

o Sulfuric Acid

e Hydrochloric Acid

¢ Sodium Hydroxide
Design

e Acid-resistant Floor



« Corrosion-resistant Exhaust Fans (FRP/PVC)

¢ Spill Containment Bund

B Lithium-ion Batteries




3| Uninterrupted airflow required
at all times

Flammable gas concentration
must remain below safety
threshold

| e l ~%| Mechanical
(OSTRRyifuy 17:) ‘7 Exhaust & Intake

Forced ventilation using
powered fans

@ Minimum Ventilation Rate:
% 1 CFM/ft2 (0.31 m3/minmt)

mé,spwc

¢ Thermal Runaway

o Toxic Smoke

¢ Hydrogen Fluoride Gas
Ventilation

e Heat Removal

e Gas Detection

o Fire Detection

¢ Dedicated Fire Suppression

rL Food & Pharmaceutical Cold Storage



Temperature
Relative Humidity

Air Circulation

Q o o
Ethylene Control (a).,]safaqll)

ol Grain & Flour Storage

TO PREVENT SILO

V2]
=
o
v
o
—
o
>
w
v
o
o

HOW

Dust Explosion

Ventilation

Dust Collection

01

02

03

04

05

Routine cleaning and maintenance reduces the
amount of dust.

Installing ventilation systems and dust
collectors can keep dust from accumulating.

Using protective equipment can help contain
dust and prevent it from escaping into the air.

Maintaining the right moisture content in the
stored grain helps reduce dust.

Following safety standards and regulations can
provide clear steps for reducing risks associated with
dust explosion hazards.

© © & ©



o Explosion Vent Panels

e Spark Detection

en Fertilizer Storage




BOUJ

e Urea

¢ NPK

o DAP

« MAP
Ventilation

e 6-10 ACH

¢ Moisture Control

e RH<60%

ool Data Center




— Chilled Water Supply

e ———
Chilled Water Return g —
- a




Hot Air
collection ducts
Cold Aise Containment

|

Cold | 7 Hot Air

Air Inflow Exhaust

A Hot Air
Cold Air Inflow Exhaust

[o] o C C
3’39(7)(\)3’30?]0’)
L
« Temperature 18-27°C (ASHRAE m@@laamo 32603)

¢« RH40-60%
¢ Hot Aisle / Cold Aisle Management

¢ Smoke Detection



e Clean Air

. . C Co o
Ventilation System QM3 MY (33668)
Warehouse Volume

V=LxWxH

BOUJ

e Length=60m

¢ Width=25m

e Height=8m
Volume

60 x 25 x 8 = 12,000 m?

ACH=8 @&ﬂm

Q=VxACH
Q =12,000 x 8 = 96,000 m3/h

cﬁi’e@:@ dl??e(ﬂgs Ventilation Capacity = 96,000 m¥%h ogsacsa)éll

. C N _C C C
Safety Design 03¢ m[ﬁoeomoqegaaqlmqp,

Item Design Requirement
C c .
Temperature DdceaqPean Design Temperature
1 idi Product Requirement 320362
Relative Humidity q 2C3

o o R AC
Air Changes (ACH) Hazard 324]|33202:VM



Item Design Requirement

Gas Detection Toxic / Flammable Gas elpssacgmc

Fire Detection Smoke / Heat Detector

Fire Suppression Sprinkler, Foam, Clean Agent 0wé
. C
Spill Containment ~ Chemical Storage 320200

Explosion Protection Flammable Dust/Vapor 33030‘5

C C _C .
Emergency Exit C\I)Logmsd]mfg Evacuation Route
C o C 2.
PPE Hazard m&;mea.sum:;aa?.@lsﬁ

Engineering Design 3330{5035 na%selpscan Standards

¢ NFPA (National Fire Protection Association)
e OSHA (Occupational Safety and Health Administration)

«  ASHRAE (HVAC $¢ Ventilation)

e 150 45001 (Occupational Health & Safety)
e 1SO 14001 (Environmental Management)
e IBC (International Building Code)
¢ IFC Environmental, Health and Safety Guidelines
e FM Global Property Loss Prevention Data Sheets
e ATEX / IECEx (Explosion Hazardous Areas)
gﬁ Standards qpsrr? Gcnésossaoésﬁlgj Warehouse el Hazard Level 39(\?(75 Ventilation, Fire

Protection, Structural Design, Electrical Classification §§ Emergency Response Plan qua?e

[ -] =]

:;accuc.]swoqpsm 3%586613&;)[56]3)8(."



Mechanical Ventilation System 3aeﬁl::9mseuo=

Local Exhaust Ventilation

Exhaust
outlet

Ducting Fan and motor

I 55
Hood or exhaust Filter or purifying  Ducting
inlet system

Mechanical Ventilation 035 398m37)3[§§—

1. Supply Ventilation

« Fresh Air 03 Outdoor v Indoor 23 Fan Bégwéu
L J Lo ry

ape C C
o Positive Pressure @0603)8"

« Officel Hospitali Clean Room qpscrgé aaésqps:béu

2. Exhaust Ventilation
(*] C O C C C
¢ Indoor ecom 33[9(:33 20000300l
L e L L

¢ Negative Pressure Bﬁeow&)’u



o Toilet
e Kitchen
o Battery Room
¢ Chemical Room
¢ Generator Room
or%ogcc: ma?sq_p:wéu
3. Balanced Ventilation
Supply Air §§ Exhaust Air (1.93 m@lémés 08$:q_"5méu
:;aa?:qp:emefcpqp:
« Data Center
¢ Laboratory
e Hospital
e Pharmaceutical Factory
e Airport
4. Heat Recovery Ventilation (HRV / ERV)

Exhaust ey Cooling Energy 093 @%‘ﬁ@ Fresh Air rr?z @lméeafaseoa:éu

e Energy Saving

e Green Building

Forced Ventilation af):o:n ?
Forced Ventilation agooéeo
L r]

(] C C C . . C C
Fan VL0 Blower @g emn?z POC:6gE06IN Ventilation System Boaoeu

o Axial Fan



e Centrifugal Fan
e JetFan

Iy co_ ¢
cr?z@g eo:n% 3200C:Q001

Forced Ventilation @a?s[gleanefqups







o1 Basement Car Park

CO Gas qp:o% c»&ooorSclc

L L
Jet Fan
Exhaust Fan

Fresh Air Fan

JII Generator Room

Generator 9

e Heat
e Smoke
« CO
qpm% o?ogeoselméu

! Transformer Room

C C . . o [of C
Transformer aaﬁo?mcms@)g Forced Ventilation 3ROV

G Battery Room
Hydrogen Gas Béemme@o§
C C

Explosion e@oehs

° C
Exhaust Fan 203§ 001

oL Electrical Switch Room



Temperature
Humidity

o oc ¢
oM OFsqi
Bu Data Center

Server Heat "le'Qf

CRAH
CRAC

AHU

08@6 330)580(6 :oaéu
L ° 1

rl Clean Room

Positive Pressure o&%ssﬁsu

ol Laboratory

Negative Pressure £$SG]§II

en Commercial Kitchen

Grease .‘§§ Smoke a? Exhaust Hood @5 OQUS:Déu
ool Tunnel

Jet Fan Bg Smoke Extraction @lc?ﬁoaéu

International Standards

1. SS 553 (Singapore Standard)



SS 553 aoé Building Services Design for Air-conditioning and Mechanical Ventilation 33%05

6{:005?@5@: HVAC/ACMV o*ﬁqueﬁ ggiéﬂ emoéemog(rgl 35333533&2:51“1?(?

Q?@leq:c§95qjmce"o:r§ ecﬁ@ooosoaéu
s'agma'aanqus

e Outdoor Air Requirement

o Fresh Air Rate

e Duct Design

o Fire Damper

e Smoke Control

¢ Testing & Commissioning

2.585554

3n

C C . . cC _C Cc o C
SS 554 00 ACMV Ofoqpoeﬁ Energy Efficiency $C QU:COOCENMY3IPRM

&:$31054p:03 0Os60seom 6.§°°[§5@° Green Building € 030a5323:qp:20a5H
BTGP 99z nTe ° E$¢ 3 2: 4PN

3. ASHRAE Standards

Mechanical Ventilation 320005 33353(1]’.)86:1)’.) ASHRAE Standards qPse>—
o L ]

Standard 333?‘*‘@[}{

ASHRAE 62.1 Commercial Building Ventilation
ASHRAE 62.2 Residential Ventilation

ASHRAE 55 Thermal Comfort

ASHRAE 90.1 Energy Efficiency

ASHRAE 170 Hospital Ventilation



Standard 333?‘*‘@[}{

ASHRAE TC 9.9 Data Center Environmental Guidelines
4. British Standards (BS)
° o C

. . . C C C
Mechanical Ventilation $¢ aomooﬂ F034PsE0 BS 08$3qPs—

Standard 333?_'3@[}{

BS 9999 Fire Safety

BS EN 16798 Indoor Environmental Design
BS EN 1886 AHU Construction

BS EN 13053 AHU Performance

BS EN 12237 Circular Duct Strength

BS EN 1507 Rectangular Duct Strength

5. European Standards (EN)
EN Standard 333’?“@[?2

EN 16798 Indoor Air Quality

EN 13779 (326unésl w3 EN 16798 @5 :mnzos;s) Non-residential Ventilation

EN 1886 Air Handling Unit



EN Standard 3935}3@[}{

EN 13053 AHU Performance
EN 12101 Smoke Control System
EN 1751 Air Dampers Testing

Typical Outdoor Fresh Air Requirements (ASHRAE 62.1)

S Fresh Air Rate (Typical)
Office 8-10 L/s per person
Classroom 8-10 L/s per person
Restaurant

10-151L
Dining /s per person

Hospital Patient » Ay outdoor Air (&nommmemm&)’)

Room

Toilet 10 ACH Exhaust (Typical)

Kitchen 30-60 ACH Exhaust

Car Park CO Sensor Control @§ Ventilation

C\aef:aoo:»é, fa"eme@)c Fresh Air cr% C\‘:}sa ooecuomcmeos@s
Data Center ¢ . . .
aqja:ms@c Recirculation Cooling 2] 3”‘33@[:”&3"

C C . C . C [of o
Yodg|m — ACH (Air Changes per Hour) $C Fresh Air Rate Y0 3294534332023

maﬁs@lﬁl Occupancy fgc esooa%f:cp Building Code 3966rﬁooésj e@:g cx‘)gl&;]ooan

L

Data Center 036 Mechanical Ventilation

C cC C C C C
Data Center 3¢ CsscC aomoonl]c—
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:DCQ@’)G:DSBQ’J GGS?:D > $

e Server Cooling 3’303(5 398m37):@§ CRAH/CRAC @5 Recirculated Air Cooling or?o
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e Battery Roomi Generator Roomi Transformer Room §§ Fuel Storage Room
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qugéewg Forced Exhaust Ventilation 93320 3 C\?330:Déll

« Smoke Control s& Pressurization o.fngquogm S: BS EN 12101 s& :)oagag&lo Fire
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Other gases
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Carbon dioxide
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Normal Oxygenation Process

Inspired air
)
v Expired air
Pulmonary Pullmonary
artery vein
From heart To heart and
and systemic systemic
circulation circulation
Alveoli
(lungs)
CO,
Oz

CHs Oz
O%LEL ~ 20.5%

CcO H2S
OPPM  OPPM
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9 Oxygen
Red blood % 37 from lungs
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cell

Oxygen released
to tissue cells —Q

Hemoglobin
molecules

Oxygen bonded
with hemoglobin molecules



LUNG FUNCTION: GAS EXCHANGE
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DIFFERENT COLOR CODE FOR GAS CYLINDER
AND THEIR MEANING

Oxygen (0:) Nitrogen (N:) Carbon Dioxide (CO:) Hydrogen (H:) Acetylene (C:H;) Argon (Ar) Helium (He)
White or Green Black Grey Red Maroon Dark:lr“" Brown
or Blue
i Commonly used Used in
R e Dloargas Kkt upl [ Used Used in Used in balloons,
medical, X e cells, chemical primarily for Wwelding s
welding, and \SEE and welding and 5 Baen
e S eeice g e AR cmi . electronics, applications, and
applications. industrial extinguishers, applications. A an_d the metal asa cou@n[ in
processes. and welding. industry. industries.
. . LPG (Liquefied
Chlorine (Cl) Ammonia (NH) Petroleiim Gas) Compressed Air
Yellow Red or Yellow Orange Light Grey
Used in medical, Used in medical, Used in medical, Used in medical,
welding, and welding, and welding, and welding, and
industrial industrial industrial industrial
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o 1SO 9809 - Refillable Seamless Steel Gas Cylinders

e 1SO 11114 - Compatibility of Cylinder Materials with Gas Contents

¢ [ISO 11625 - Safe Handling of Gas Cylinders

e CGA (Compressed Gas Association) Standards — Cylinder Valve, Regulator ]§§ Handling
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e OSHA 29 CFR 1910.101 - Compressed Gases (General Requirements)
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¢ 1S0 32 - Medical Gas Cylinder Identification (Medical Oxygen 330305)

Engineering Summary

Nitrogen isé Oxygen Cylinder fogeﬁlwdisa)é High Pressure Compressed Gas qps@gﬁz

L

Qg%ms@é 150-230 bar 33035: Q3 c mesaoésomzoaéu Oxygen oaé Oxidizer

@56:17)6@){5 Oil/Grease .isc:; eogeogoeosﬁs noasmogglcl@sl Nitrogen ‘.'Dé Inert Gas

@56375(\)&5:3 Leak @56](7) Oxygen cr? mmsoﬁ:sgésme@oé Oxygen Deficiency

méq)cﬁﬁdlwéll ofie@oc? Cylinder Storagel Regulator wa%s@lﬁl Leak Testing .J§§ Cylinder

Changing Procedure euosof?\ ooogag&p Safety Standards euossfaa%é: c\‘imcfoeld]a)éu

=] Cc C
QSGC\ZDCGI.f

- . o_c__ ¢
Fire Triangle VR0

1. Fuel

2. Heat

3. Oxygen
Nitrogen Bé&;“g(\llé

o C
Oxygen sc&l?qjeoseme@')g



« Data Center
e Archive Room
¢ Museum

o Electrical Room

(o] C . . o ° C
003¢ Inert Gas Fire Suppression System 9P 333?°[§l@w&3"

. C ° o
'zll Nitrogen m G)U)Bl@ C\)SOBG]:'DSC\)’J%?
JL L a1

90?05(;]"

"Inert" ® eaTeaySmés
66C3’368336 Eam eoaS[g 0 2Ss5:20051
RO $93 [FRL § Tt et
puw
1 1 oe o
e Lightning (?0@10)
C (]

. 33(\3%@96&7) mﬁau.%

e Haber Process (Ammonia (IBGSC\E(SBES)
o%ogé Nitrogen :Dé Hydrogen fé G&é:ﬁ Ammonia (NH;) @Sgléaoéu

(o] [ C C ocC C C No C C C
0%6@)9 Nitrogen 2095 mme@l{.ccm e2036¢ VLY0IW Q?fsfacgsfasf%c eooo@lﬁ
C C
1

33(\3%?8':3633') G)GSG&BOOJ
DoR:q)S



[of
cu33$s 3’36@
Nitrogen fég“,?jé

. C o O C C ocC C
Nitrogen qP3|c Oxygen m afamso?:a)@g Oxygen SAqPR$RRCISCDR0N

. C C C c _C . oC C C_N
Nitrogen E"’.)oqpoﬂllﬁlc U.I?U)Q)ell @G@')Co&lcoif) Nitrogen 3’33)06@)9 GU.I?CD:D

600052003 Oxygen eslem?e:\ne@')cg (Asphyxiation) @5méu
Nitrogen v Inert Gas c2% VD0520551 i’wcaaegsae 0t eocnc@ o PA$$5:20251
ftrog it 1 b 93 18 13 B (ki

C C . C o .
o 0 oc 1O Nitrogen Leak @06]00 Oxygen m Displace
GQLM 320I3003§CDOIS
t Lt (3aoo°08°) m525[§° Oxygen Concentration 03 ecopa|2&aaSu
3003) QQLLC|g: Oxye ? SRt 2

Engineering Note

HVACI Data Centeri Semiconductor Factoryl LNG Terminali Cryogenic Plant §§ Confined Space
omn S a0 S "Ni Poisoning" $55 "0 Defici W€ €

4[P303C POMISEP LI "Nitrogen Poisoning” 61035 "Oxygen Deficiency @0:1)8“

ogpe@')§ gjcqﬁc%sgéqpsagé Oxygen Sensor, Mechanical Ventilation, Gas Monitoring,

. C S o C ° C
Permit-to-Work $C Confined Space Entry Procedure 9Pz e@ooef na?s@l@weu

C C C C C O cC C °
qCS:’Da 33(\203)3)8({]9885 3?&)('033%?03(? rrncrgwsl.f 336613@8&?8 Safety Measure

q_pso?)? mﬁ?@o‘;cﬂwéu

Cc o oc
(22 ﬂlﬁc:bm:?

Jn Oxygen 320723 Nitrogen 2350 120

961(;'“ 33(\3%33%?(6?](;]&)8“"

e Oxygen (0,) a?eo.n mo%s@lsj ATP (883335) oclaogc?f;fs:éoaéu



B (=] c o
Nitrogen 25320 D G‘.“ltﬂm

o C
. eng:o?)co Oxygen woéeonuli

[~ C _C o C "l
. ezeisom]sg .}C\Esma Oxygen 961607?0 n

o _¢C C C C O coC C C cocC C
. 9?033?886&)330)(:8 D ODAVOSC|YS 320M (66} 0&COD8II
[<] L L

8
%

mg)&pcﬁwé Nitrogen 39385@56me@o§ 90.1:0593 Oxygen oﬁem?@& (Oxygen
Deficiency / Asphyxiation) e@o§ @5mén

. C C

’\)II Nitrogen o 33£0900)680C\n8?
50l

BU?G)U n

Nitrogen :Dé

C O
« Meepcuy
C C C [ C
com Inert Gas (eooo@lﬁfess:m eodeg) Boanau
o C
060

22$:0000$:0302€ Nit su$s0lm
$ §$:0303¢€ Nitrogen qpsag¢e

cOn

o o
Oxygen nmsog:ag:sm@
C N
DME[|0§PD

Asphyxiation @ﬁgéméll

. -] C
il Nitrogen m @360 CcDQNs?

BGC\YJEJIII



Nitrogen :Dé
C
o Fuel w0’

. ps C
e Oxidizer LT )

gu Nitrogen o sd]mcnéwc\ns?
o C C 'I C N "I
ggfaae@msf%c veoladazoln
Nitrogen 0r°?

e Chemical Plant
¢ Oil & Gas
e Semiconductor Factory

e Food Industry
C

YPso3¢
Explosion Prevention 3303(75 ma?s@l@méu
puw

. C
Oil Tank 303Cs
Nitrogen @ém@é@é
Oxygen eamfésag)seme@){f

e, C c Q¢ ¢
UoGC\'Y)Cﬁ 33‘%6]?03 GC}")L)QJ{C:DEII



P — o C .
G Liquid Nitrogen (LN2) o ?méspw§a>m.?

& 9 |

& | (’ &

—!
- —

Liquid Nitrogen aoé -196°C a%ican Cryogenic Liquid Bﬁwéu

RgpSypiy
1. mcg%esa:emos@ﬁ 33661@)80% 03§m°eo%5mé (Cold Burn / Frostbite)n

2. :ecydjonean Nitrogen Gas 2005 33$:05§ Oxygen 03 3@2:03:3E 0051
. =Cl| ogen Gas 200 $:00€) Oxygen 300:5C00

. . C C . . C oc C
3. Ventilation ©EeMNCI6AEFEPORC Oxygen Deficiency @oco?cmeu



21 Nitrogen 03 mwcefq)eog?o 39:15:@[33(\)?

ol

~
L

Food Packaging

Semiconductor Manufacturing

Pharmaceutical Industry

Chemical Plant

Oil & Gas Industry

Laser Cutting

Fire Protection Systems (Inert Gas Fire Suppression)

Pressure Testing

Welding Shielding (m{ch\?Sc$geuos)

C

. C [of C
Nitrogen Leak BOC\;’_]C mcveoa:goacﬁ?

oo

e} qosqés ojffjeanesepal egslpeadlu

. . . o C
Mechanical Ventilation m gg(ﬂu
o C C "I
Oxygen Level m Gas Detector [4C o®cs0svlil
Oxygen &emrﬁe'@o& weaPW3a|e: woseepadulsén
YE i ° {reyjc: P Te

Confined Space qpsogé Permit-to-Work .‘sé Gas Testing rBL L\%(Tg.f’.)(;]ll

C (%

. C o C
e Nitrogen §¢ Oxygen 2C3wp3|™m

Nitrogen

(N2) Oxygen (0,)

C '] C
econculocy ~78% ~21%



C Nit
39J05 itrogen Oxygen (02)

[of C C
BDAYQFGR0 X oos [ o
N _C C C C C C
Bcdyps ge:dCEROdQVEPARRC . .
. X v0pod 0”Qod
3aa:s[§l
L
gsec\négcﬁ 303608 X eo?ors 4 3sc0s
C
o . ¥ veoné (a%ea:rs scmérg]esﬁn.’}
636000¢ K veone .
m:eoz:ba)
odloSy X sy X eedoiy

Nitrogen (N.) :né feg%sas@sae.fogé aé)epcﬁfé:ean Inert Gas @36335c0é:| Nitrogen
Oxides (NO,) 33@5 e@oé:cﬁag):c;]m c&qﬁ:meq:o? mé)spoSeosglésm eocgsgﬁps
@3m6]a:éu

o Nitrogen Oxides (NO,) a§oao m?



NO. 582025 . C NS08 c c S003 c3PosS
Oy mwaw Nltrogen aC Oxygen GLICI00|Q2 |QOCODDECID mmc&:‘noom (-2~ me“
i i TS T A
338(73 (;IOEG:D') mmcs t{>p]
§9Pss

¢ Nitric Oxide (NO)

e Nitrogen Dioxide (NO,)
@&»én
C c c co co. ¢
:noa:ao@g NO; 2095 CM|$362665I03M 9$ RSP UGN

JII 7)(5(\?3’36@3’36?'{) NO, @5(\»00(\37

NITROGEN FIXATION
BY LIGHTNING

NITRATES (NO3")
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FIXED NITROGEN  (Protein Synthesis)

Nitrogen 2095 Ou$303]$02¢ Oxygen 5¢& vaRVSM® wevlésuln
g 2 99¢ 31$93 ygen §¢ ©0cg a9 °



NO

Diesel Generator

Gas Turbine

Boiler

Furnace

‘@) ¥ §
w L] L]
)

2

-

&

Cc 00
& 8
B
‘o o



geosc;]m

C

Concentration B

Pulmonary Edema (32

°
°

C

Q)éll

dl

C

C

maooqp:

by
°

(]
('DO.?OSQ

Nitric Acid §§ Nitrous Acid

¢ 2059

éll

ocC
GO?C:D

[GSeo:

& (Alveoli)

vO

eo35g)

°8
“a)

ﬂll 66]5]

e Asthma f:)af?scoo@f:z

Bronchitis

copD



Bu NO, ™ oorgo;ss(ql&r?l)més oS%aSoam:?
NO, 20p5
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e Photochemical Smog
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Carbon monoxide poisoning

® The typically occurs from breathing in carbon monoxide toxic gas (CO) in to body large quantities.
® Often with symptoms headache, dizziness, weakness, vomiting, and loss of consciousness.

Hemoglobin (Hb)
Oxygen
molecule a-chain B-chain

\. Oxygen P -
molecule = \ / Oxygen

) molecule
Hemo group e

Normal

: - -chain a-chain
Red blood cells contain hemoglobin molecules Red blood cell s

that deliver oxygen to the tissues. Normal hemoglobin protein

Carbon monoxide
toxic gas (CO) Hemoglobin (Hb)
Carbon monoxide \

loxic g-;as {£0) Oxygen a-chain B-chain
» \ molecule L)

° ’ é - ‘\" xygen
O o /V IJ \;o\ ) 2o)llgcule
k™ |

Breathing in carbon monoxide toxic gas (CO) Red blood cell B-chain .,' " (achain)e

The oxygen level in the tissue is reduced e
Abnormal hemoglobin protein
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Chemical Formula:
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Carbon (C) + Oxygen (O)
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Complete combustion
fuel + oxygen — carbon dioxide + water
CH, + 20, — CO, + 2H,0

¥y o @& o,

Incomplete combustion
fuel + oxygen —> carbon monoxide + water + carbon
CH, + 20,b,— CO + 3H, 0O + C

o @ 9,5, ¢
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Complete Combustion

Carbon + Oxygen

co,

(Carbon Dioxide)
C C C
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Carbon + Oxygen
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(Carbon Monoxide)
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(2) cmceoygonéqp:

The Combustion Process
(actual)

Today's Air Real ;

Y

l Pollutants:
Exhaust: Unburned
* Nitrogen Hydrocarbons
+ Water (steam) Carbon Monoxide
‘ Dioxide Oxides of Nitrogen

ts Other elements or
compounds



PM10, €Oz, (O,
NO; , C¢Hs

« M3
e Truck
¢ Bus

¢ Motorcycle
¢ Diesel Vehicle
o . coC C
o?oeﬁ Engine Exhaust © co 0QMSCRI

C
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o Garage POC:

C
e Tunnel 303Cs
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(J) Generator (Diesel / Gas Generator)

CO Detectors
in living areas

Only use OUTSIDE and
= FARAWAY from windows,

doors, and vents.

™
-
Living Area Entryway Garage
Porch
Mud Room i
Basement |
Crawlspace
Ne?” ]
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Presentation

#1110 |* House fires. * Boilers / furnaces.
Sole Bl e Car exhausts. ¢ Cigarette smoke.

CO has 200 x the affinity for Hg than O, [2]

E.g. An atmosphere of 20% 0O, + 0.1% CO — 50:50 carboxy/oxyhaemoglobin saturation.

X3

Headaches  Nausea  Dizziness Breathlessness  Collapse Loss of
consciousness

1] http: ient.inf r/inhalation-in
2] http: hs. nditions/Carbon-monoxide-poisoni

Image credit: http://baromedical.ca/medical-co-poisoning.php
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o2 CO binds

P e 0{2 bBlaes ~200x stronger @@
05 N — h . CcO
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Carboxyhemoglobin (HbCO)
Hemoglobin (Hb) reduces O, transport

Normal
oxygenation

02 Carbqn
1) Oxygen (O») and 2) O2and CO menaxids
carbon monoxide (CO) enter blood PolsOnIng
are inhaled © Healthwise, Incorporated
C\I)Leﬁcagscrgé

Hemoglobin (Hb)
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Mechanical Ventilation

e Fresh Air Supply

o Exhaust Fan
BECOCBM:S QS

: 2 0PI

CO Detector

[of cC C
00DCH$—

¢ Parking Building

e Generator Room

o Boiler Room

e Tunnel

¢ Furnace Room

C 03 C C

4P303¢ VROV
Combustion Maintenance

¢ Burner Adjustment

« Air/Fuel Ratio Check

e Exhaust Inspection
bquasi

20923

Engineering Summary

Carbon Monoxide (CO) ooé
o 03 Exhaust

« Diesel Generator
« Boiler
¢ Furnace

=] C
o GSGC\J‘)Cﬁ
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ogpe@')é Generator Room, Tunnel, Parking, Boiler Room, Ship Engine Room, Confined Space

qp:ogg CO Detector + Mechanical Ventilation System ooé mwmcmcﬁo.fﬁmf)a

G61aspSn

G Carbon Dioxide (CO,)

Why Measuring CO2 Is Important Source: Health Canada (2021)

I High CO2 levels can result in drowsiness, headaches, high blood pressure, and more. J

[>  co2coNCENTRATION (PPMLEVELS) <]

Wheezing, dry Fatigue, visual
Typical outdoor i throat, headache, impairment,
carbon dioxide scores /  dizziness, difficulty temporarily
level Bn homes rformance in concentrating, increased cerebral
ol or office tiredness blood flow velocity

SMARTAIR ® O O smortairfiiters @ www.smartairfilters.com
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« Generator
c . c
*  MN33Cq|C
e Boiler
¢ Gas Heater

e 0
e Charcoal 030

e Furnace
C (§°] ~
me@og mé)spwﬂoom?
C . C C 000C C cCoC C C
co 0 Hemoglobin $¢ Oxygen com 9?3Lcmg> ecﬂc:oo%ceme@og €9232000 Oxygen
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Bn Ammonia (NHs)

Ammonia (NHs), Ammonium Nitrate (NH;NOs) i;é Urea Fertilizer q_r):eﬁ ?cuga)ggl

:raé)q)cﬁqp:.lsé Safety Management

UREA (46-0-0) méc@@m a‘iec\péo&%sag&s[gés Guideline, Regulations, Ventilation

System §§ Safety Precautions
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Urea (CO(NH,),) ooé mg)spcﬁ@t? 8=em§ecﬂo§rréggemmczogés uc:?ogews:\)és

9§mo§r§ 39(\3;;?509‘0)05 (Hygroscopic) m@é ﬁs@égeg%&m Caking (3 °=@3E&)l
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o _C C . . C
21 VM$IDCEIN Guideline $¢ Standards

Urea Warehouse Design .}sf. Storage 035 6327050] Guideline qpsn% <~}

333%:@1@3)&% n
o Fertilizer Industry Best Practice
¢ 1S0O 9001 (Quality Storage)
e 1S0 45001 (Occupational Safety)
e 1SO 14001 (Environmental Management)
¢ OSHA Chemical Storage Guideline
o NFPA 400 (Hazardous Materials Code)
e FAO Fertilizer Storage Recommendations

¢ IFC Environmental Health & Safety Guidelines

L Warehouse Location
Urea Store rr%
cocC
v cquocsceanesep
v B§emefsp
v Drainage emoéssms.fep
¢C 0O CcCo C
v CHEEPCOYMYMUM|CINESEP
C C

C
v emocemogmemcoemefcp

C C C C
ogco:aesmmsleeu
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! Building Construction

Warehouse Floor
o Reinforced Concrete
e« Damp Proof Membrane
e Waterproof Floor
¢ Chemical Resistant Coating
Wall
Concrete
Steel Sandwich Panel
Brick
Roof
Insulated Roof
PU Panel

Metal Roof + Ventilator

G Storage Temperature

Urea Storage Temperature
20°C-30°C
Maximum

40°C 632005

Relative Humidity
<60%

Engineering Design 035
22-28°C

RH <50%
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BORAXS

Sodium Tetraborate, Pentahydrate
99.9%, Technical
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4n Copper Brazing Flux el 38 Chemical qpP:
meuo:m:@cg Flux 035 Jloéglgem mo?ogéseuoag)—
¢ Borax (Sodium Tetraborate Decahydrate)
o Formula: Na;B;0;-10H,0
e BoricAcid
o Formula: HsBO;
o Potassium Borate
e Potassium Fluoroborate (KBF,) (mq?lLSilver Brazing Flux euo:agé)

e Potassium Fluoride (KF) (39{110960)%&{103035

o i

o@)c.. [ c_c COBC o SO - T
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o 1 e it ] [

:m;@ (Safety 33@5)
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(») Sulfur soé Combustible Material @gméu
826000 &2E051
* o8 i

o

e Sulfur Dust :Dé Dust Explosion ag)epwcl %éwéu

(®) Brazing Flux :>:>ec Chemical Product @5méu
3asﬁLFqu e"osogf: Fluoride Compounds J]of:@s 33360:(\315 méspdggism FecyPs
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(0) Good Chemical Storage Practice
Chemical Warehouse q.pwgé
e Flux 505 Tool/Consumable Chemical Shelf mgooo°[§°
P RE3(Gs

o . . C O cC O o C
e Sulfur 2] Combustible Chemical Area ¢ ::os@:sooos@cso? m@@loqanau

> ° (” C ° O° C o o ¢ ¢C C
giﬁigm.@c.oaa :nesloeér:ne@:nef (u.ecx:ncgl Gclogﬁl sa[gaceocawoooco) o3¢
S° CN C C

03436 QQUOIMEOII
(*] C cC O C C C o
A NEANCEOIC VMFIVECEIANI|MYPS
Item Brazing Flux Sulfur

:raGBoo'Sl 23005 S’BGBOMCI 2805
Storage Do e

Moisture 9§G°q 08£GOGI
Heat PYLEOs PYYG6O3

o o
Open Flame 9§€0§ vqeoq
Oxidizers ©036030022 ©036030078
Segregation 333[593 Shelf 388[508 Shelf
G Ventilation

. C
Chemical Store Room 3P0M

e 6-10 ACH (Air Changes per Hour) cr"é’ mfésa?:eosooéooéu
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4 4t 1“’11'-’ ux Fowder qpzm

S Gfsporgé Local Exhaust

co3 D
Ventilation (LEV) oo(a_?’ogcscl.ls @@@laméu

o Safety Glasses
¢ Nitrile Gloves

Dust Mask (P2/N95)

e Protective Clothing

°

a?sBlaoéJlooéu

Engineering Safety Recommendation
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0?3’3

gues aoe 05 efﬁ-s R‘f R "Sulfur .§c Borax Flux m 320Q000: B nv%

Cu R C .
agm%mom @ 0003200 1) eoao?u:um,@g eﬁcﬂu agpeo:n NFPAI OSHA s¢ Chemical
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on Ventilation System




C
Urea Warehouse QC

Mechanical Ventilation tﬂoso%

Dust Removal

Heat Removal

Humidity Reduction

DD 3395"@ 20951
(] vid | Raf i

Typical Air Changes

6-10 ACH

Bulk Storage

8-12 ACH



Bag Warehouse

6 ACH

Natural Ventilation +
Mechanical Exhaust Fan
0'?3 eé]é:o&afaa?:@lwéu
Ventilation Layout
Fresh Air Inlet

N2

Warehouse

N2

Exhaust Fan

N2

Roof Ventilator

N2
Outside

en Ventilation Design Example

Warehouse
Length =40 m
Width =20 m
Height =8 m
Volume
=40%x20x8
= 6,400 m?
ACH =8

C .
c§3aoe:no Airflow



= Volume x ACH
=6,400x 8
=51,200 m¥h
L/s @5
51,200 + 3.6
=14,220 L/s
cFm [gé
51,200 x 0.589
= 30,200 CFM
c

eomms@§ 6 x 5,000 CFM Exhaust Fans 95:90?0) PO

C C C C C C
q_Png N+1 redundancy c?z ooaogc:oezmsglcmau

ool Dust Control

Dust Collector
Bag Filter
Cyclone
Exhaust Fan

Local Exhaust
° (9

33:12.@[33&)’"
291 Fire Safety
Urea :Dé
Combustible ecr.ecrgu

o C
060

Packaging

Plastic Bag



Wooden Pallet
(<) coC C
936002CSCROI
L
S:6
03206000 System

Smoke Detector

Heat Detector

Fire Alarm

Portable Fire Extinguisher
Hydrant

Sprinkler (c\?:;a&ﬂm)
o u Chemical Separation
aooo:oo§em Chemicals

Ammonium Nitrate
Strong Acid

Nitric Acid

Sulfuric Acid
Oxidizers

Chlorine

a2 Personal Protective Equipment (PPE)
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Flammable Liquids
(Gasoline, Ethanol,
Acetone)

Sulfur (m%’)

Charcoal / Coal Dust

LPG
Hydrogen

Acetylene

Nitric Acid

Sulfuric Acid
Hydrochloric Acid

Acids

3
Gmangé’]qpﬂ %G:ﬂéqp:fé Chemical Warehouse
C

L L

259 (8)

Oxidizers (Ammonium Nitrate,
Potassium Permanganate)

Strong Oxidizers

Nitrate Oxidizers

Oxygen Cylinders
Oxygen

Copper (saq?lLsas@msfeuos)

Organic Solvents

Cyanides
Bleach (Sodium Hypochlorite)

Bases

o O C _C
oBef emoguag

gjSecyEqdlapS

méspug

-] [ C [of C
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Hydrogen Cyanide
(3’388868) ogfrsglé[gé:

o CcOoC (o
Chlorine Gas c%mglc@c:

C
3200MGCcN
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Neutralization Reaction



3?5? (A) 3{8? (B)

Sodium Metal Water

Calcium Carbide Water

Peroxides Organic Materials
Lithium Batteries Flammable Liquids

on Flammable Materials + Oxidizers

aéspwc

Hydrogen Gas 0305@2
B16cn &3S
Acetylene Gas ogmci
eé]cﬁc@g‘é@&

Fire / Explosion

Fire Risk og:mg&'
L




Flammable

o Sulfur

e Charcoal

o Solvents

e Paint

o Diesel
Oxidizers

¢ Ammonium Nitrate
e Potassium Nitrate
e Sodium Chlorate
e Hydrogen Peroxide (>30%)
(*] C C C
en?so‘ncelsmsas@')c.slc.

C 0

Oxidizer 00 93093 %@5:00 60@3 Fire Growth Rate 093 @%ao%eoa)éu

~CO
-

Jn Acid + Cyanide

DspPLINEB:030ndepde 0053[5533 Su
é)GP 1L q.P" ] L [

gow
e Hydrochloric Acid

e Sodium Cyanide

N
Hydrogen Cyanide Gas

N2
Pog§na85[gSieon Gas [§6e0T 3E0pSn
el Acid + Bleach

Hydrochloric Acid



Sodium Hypochlorite
¥

Chlorine Gas

N2
3’33)(75?"[(\)586@')680’? 9%%3@&6?(5@6603)é"

G Water Reactive Chemicals

WATER

REACTIVE

e Sodium
o Potassium
e Lithium Metal

e Calcium Carbide



c20) (water-reactive substances)
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1. Sodium (Na)

Hydrogen o056

Hydrogen 20

C
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2Na + 2H,0 -» 2NaOH + H; + 320

2. Potassium (K)
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Sodium comeomn
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3. Lithium Metal (Li)
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Hydrogen e 05e



4. Calcium Carbide (CaC,)

CcC o C C C C
*  6Q3§C0060MV|C Acetylene 62056 gm0

C co C C C C NOC C
e Acetylene &)e aagfuzemccgm@: GC\)G{?? GGPG‘?‘JO’](D eo"lmogglca:ell

@0ilye
CaC, + 2H,0 > CyH, + Ca(OH)z
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GGI € 0320000Im 0 efcmc\)

« Hydrogen 23605 Acetylene @056 H adoonedsSi
ydrogen R0 \ &P 3 (o
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LPG Cylinder

Oxygen Cylinder
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! Ammonium Nitrate
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Diesel
Sulfur
Charcoal
Sawdust
Sugar

Organic Chemicals



o Sulfur (m%)

Sulfur 09{
e Oxidizers
¢ Nitrates

e Chlorates
o Peroxides

o _C \_O C C']
0?‘159 903&?6(\7)60360 1]

o 1 °
Warehouse Design mogtﬁ m@@lqlas
Chemical Warehouse cfz :nfésaé’l:: 6322050 Zone euozsa@ﬁ %msecxﬁméu

1. Flammable Zone
2. Oxidizer Zone

3. Corrosive Acid Zone

»

Corrosive Alkali Zone
5. Toxic Chemical Zone
6. Compressed Gas Zone
7. Water-Reactive Chemical Zone
Zone 005?3035 ag:@)z Ventilation, Spill Containment, Fire Protection ‘?§ Signage qPs
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Hydrogen, compressed

PR‘XA’R Safety Data Sheet P-4604

Making our planet more productive’ according to U.S. Code of Federal Reguiations 29 CFR 1910.1200, Hazard Communication.
Date of issue: 01/01/1980  Revision date: 01/1372015  Supersedes: 03/01/2012

SECTION: 1. Product and company Identification

11, Product identifier

Product form : Substance

Name : Hydrogen, compressed

CAS No : 1333-740

Formula : H2

Other means of identification : Di i gas R702, water gas
12 Relevant identified uses of the substance or mixture and uses advised against

Use of the substance/mixture < Industrial use. Use as directed.

13.  Details of the supplier of the safety data sheet

Praxair, Inc.

39 Oid

Ridgebury Road
Danbury, CT 06810-5113 - USA
T 1-800-772-9247 (1-800-PRAXAIR) - F 1-716-879-2146
WWw.praxair.com
14. Emergency telephone number
Emergency number : Onsite Emergency: 1-800-645-4633

CHEMTREC, 24hr/day 7days/week — Within USA: 1-800-424-9300, Outside USA: 001-703-
527-3887 (collect calis accepted, Contract 17729)

SECTION 2: Hazards identification

21, Classification of the substance or mixture

Classification (GHS-US)

Flam. Gas 1 H220

Compressed gas H280

Full text of H-phrases: see section 16

22.  Label elements

GHS-US labeling
Hazard pictograms (GHS-US) 4 : :
QHs02 Qred0d
Signal word (GHS-US) g
Hazard statements (GHS-US) 2 H220 EXTREMELY FLAMMABLE GAS
H280 - CONTAINS GAS UNDER PRESSURE; MAY EXPLODE IF HEATED

OSHA-HO1 - MAY DISPLACE OXYGEN AND CAUSE RAPID SUFFOCATION.
CGA-HGO4 - MAY FORM EXPLOSIVE MIXTURES WITH AIR
CGA-HGOS - BURNS WITH INVISIBLE FLAME.

Precautionary statements (GHS-US) : P202 - Do not handie until all safety precautions have been read and understood
P210 - Keep away from heat, Open flames, sparks, hot surfaces. - No smoking
P271+P403 - Use and store only outdoors or in a well-ventilated place.
P377 - Leaking gas fire: Do not extinguish, unless leak can be stopped safely
P381 - Eliminate all ignition sources if safe to do so
CGA-PGOS - Use a back flow preventive device in the piping.
CGA-PG10 - Use only with equipment rated for cylinder pressure.
CGA-PG12 - Do not open valve until connected to equipment prepared for use.
CGA-PGO6 - Close valve after each use and when empty.
CGA-PGO02 - Protect from sunlight when ambient temperature exceeds 52°C (125°F).

EN (English US) SDS ID: P-4604 10

This document is only controlled while on the Praxair, Inc. website and a copy of this controlled version is available for downioad.
Praxair cannot assure the integrity or accuracy of any version of this document after it has been downloaded or removed from our website.



Safety Shoes

Gloves

Goggles

Dust Mask (N95/P2)

Long Sleeve Uniform

oorSaoéa)tgmén

a6 Housekeeping

Gfpé m&ﬂésc 8(\286'“
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. (9(7)(71]637) Urea ﬂ? QJ“JQJCS?GQJ’)CSO n

. N0 O ¢
e Drain (1)3?09080(26061"

26n Engineering Design Recommendations

C C _C C C C . . .
0MYOVCP:IIC Urea Warehouse PORM 630 050! Design Criteria qpso?z

2[BGEENwpSn
Item Recommended Value
Temperature 20-30°C

Relative Humidity <60% (?36"735303.]8 <50%)

Air Changes 6-10 ACH

Floor Elevation 2150 mm above surrounding grade
Pallet Height 2150 mm

Wall Clearance  0.6-1.0 m

Roof Clearance 21.0 m

Stack Height <5-6 m (bag type Gt;rﬁmé)

Lighting LED, IP65 (ocﬁ%qpseme.fepogé :>o§ecn§)

L

Fire Protection = Smoke Detection + Portable Extinguishers + Hydrant
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e Ammonia (NH;) - Toxic Gas (393880003:63)

Ammonium Nitrate (NH;NO;) - Oxidizing Chemical (6o

eoovg)

e Urea [CO(NH;);] - Nitrogen Fertilizer (Q?ff,a'ae@aae.fogé ed]cfm;)



211 Ammonia (NHs) el Qcogoaé

[IRALATION
HHLARD

Chemical Formula

NHs
gopdid
H
!
H—N—H

33665 Properties
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33|™ Ammonia

:m;spé e%
33;1 Bésem 9:qEa0 33%.“

Molecular Weight 17

600005 ec;l (Light Gas)
C _C C [of C
eqpocy €qazc 2geqP
-] cocC o
8600 CSée §
L L Ji
colosad28u 03] SBGBS’BG né §
QTR _ll; $93¢ 9

. C N
Jn Ammonia 220M QYD AS?
. o o C C C [of C
Ammonia 2] memms@g Haber-Bosch Process @c ooooogoooall

° L

NZ + 3H2 d 2NH3

° C
3332’@[°“”°3&3"‘[P°

¢ Nitrogen (emocl)?)

e Hydrogen (Natural Gas !Ja)

C C

@owau
wodify|epyps

o Fertilizer Production

e Refrigeration System (R717)

e Chemical Industry

¢ Explosive Chemical Manufacturing
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(Ammonium Hydroxide)

C

G Ammonia Exposure 33&(‘::«"')3

C C
Concentration PMEHPMY

H

°

Ss 0d0d: mealés unzud
38 9 107 ° °

c c c..9. c c

BOUIRC05 63PEsadsl 2|20

C C C C C
@C 3?&)CDGGPCI 33&)033?61 (]
° L L L

ch C o0 0C
33(\3? c 3’333“)33363»?0

.. 9 C "I C NOC 2
ﬂll Ammonia 83601 CI 6V mrrg{.coom:.

LEL UEL

Concentration " Concentration
too low = | too high

EXPLOSION
[

0 15.5 6.2

% ammonia in air



4,000 O category 4/D @ 150ppm (1.09207 x 10" m?) O category 4/D @ 1,500ppm (1.11956 x 10° m?)

QO category 4/D @ 3,000ppm (545,197 m?) O category 4/D @ 5,000ppm (323,681 m?)
2,000
=
3
=)
= 0
=)
-
=)
(&)
-2,000 +
'41000 T T T T T T T 1
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000
Source: DNV distance downwind, m

mcgc;]a)éll 336:173 :ncgu)co:m 8:6(\7)563)0 Gas QU)OgJIII
L [ L L

. C
Ammonia 338

¢ Flammable Gas

e 300
L
-]
¢ ©8
e Spark



Bn Ammonium Nitrate (NH4NO:3)

Ammonium nitrate storage

Ammaonium nitrate emulsion

]

High priorities:
+ Security

+ Fire risk mitigation = ‘
Ammonium nitrate prill 230

» Stock turnover
» Appropriate storage and

handling

Department of Mines, Industry Regulation and Safety | www.dmirs.wa.gov.au

Formula

NH,NO;

C

C
GCs0p
Oxidizer @&néu
mSmsao.ézBlﬁ

o Fertilizer

¢ Mining Industry (Controlled blasting materials)



21l Ammonium Nitrate me@o{f mé)epc5§mc6?
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Ammonium Nitrate 308 Q?Liwa??c emocmeu?oot;]ll

(] C
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C oc cCe _ooofr¢ [+ ocC C
Oxygen CIECDGOS?CGQI)G@‘)? 98(’7? ??BCSCD?GO{C:DBII

NH4N03 4 Nzo + ZHZO

C . . C ocC C
$¢ 3’3@0. Nitrogen Oxide 9P Bocérfcaoell
3’36@3’56 Bzc01€

PR
¢ Thermal Decomposition
e Fire
e Explosion
[§68€a0pSu
i

o1l Ammonium Nitrate Storage Safety
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o Diesel Fuel

« Oil
¢ Wood
e« Paper

¢ Organic Material
R C_C

P0OGEICY$
X 8:9083051
X Welding / Hot Work 9(\?861
K contamination 9@56051
¢ 2c3S05cseponé w8S:

? P2 q
UREA WAREHOUSE ENGINEERING DESIGN MANUAL
Design Basis
630050] Design rr?L) 1,000 Ton Urea Warehouse ogl megéﬁ eslsa:mc;]eéu (500 Ton §§

5,000 Ton 330805 Scale Up/Down C\B&%émé)

Storage Capacity
e Urea=1,000 Ton
Bag Weight
e 50kg/Bag
Total Bags
1000 x 1000/50

= 20,000 Bags



Warehouse Size Estimation

Bag Storage Density

c.8 C
2 00§ $3900DY|C
=2 Ton

UJO)O'III
[T

(] C
VP06 Storage Area

=500 m?
Forklift Road
Inspection Area
Receiving
Dispatch

Buffer Area
ooéagé:@:
Engineering Design %é
Warehouse Floor

= 1,000 m?

LDG(\)OID CII
ReXAPE

Building Size
Length
50m

Width

1000/2



20m

Height

10m

Warehouse Volume

50x20x10

=10,000 m?

Chapter (1)
Air Change Calculation (ACH)
Urea Warehouse

ASHRAE .J§§ Fertilizer Industry Practice 3q

ACH
6-10
C

uﬂ@m&u
Engineering Design
8 ACH

C
WD

L

Formula

Q =Volume x ACH

Volume
10,000 m?
ACH
8
Q =10000x8



= 80,000 m%hr

CFM

= 47,100 CFM

Result
Required Airflow

80,000 m¥hr

Chapter (2)

Exhaust Fan Selection
Fan Capacity

10,000 m¥hr

Wall Exhaust Fan
:;aaés@leéaé:é]m

o__C C
C\E:?BOG:D‘) Fan 3’36613303(7)

=8 Fans
Engineering Practice
N+1

C
LD:DBC
L °

Install
9 Fans
Run

8 Fans

80000 x 0.589

80000/10000



Standby

1Fan

Fan Size
= 1.2-1.4 m Diameter Axial Fan
Motor

2.2-3.0 kW

Chapter (3)
Fresh Air Louver Design

Fresh Air

Supply

Exhaust

80,000 m¥hr

Louver Face Velocity

2m/s
Formula
Q
Area = ——~
€% = 3600 x Velocity
Areq 80000
7€l = 3600 x 2
£11.1m?
BUU)

2 m x 3 m Louvers x 2 Nos

12 m?



Chapter (4)

Roof Ventilator




B I Wt

20% 20% cxitiolte ;1
Dt ge: P roof fiuthe wets 40% Riots mos 1t tihesi boll x.mm,.: %

ant toscnensll oovits atersetin biles ber

————

Hot Air
Ammonia Trace
Moisture
odona$

329¢
Roof Ridge Ventilator

C C

00 §E0Il
Roof Ventilator Capacity
15-20%

of Exhaust Air

Chapter (5)
CFD Airflow Study
Engineering Software

ANSYS Fluent



SolidWorks Flow Simulation
Autodesk CFD

SimScale

0%@5 Simulation @lcxz&)aén
CFD 085 ogeaozsleésasuogqps
Temperature Distribution

22°C

24°C

26°C

0%@§ Uniform Béo@é

Air Velocity
Bag Storage
0.15-0.30 m/s
Aisle

0.4-0.7 m/s

Dead Zone

G(\)UGGP(YSGOJ’)G?@[)

9%6061"

Relative Humidity
RH
<60%

@86?6061% CFD @éOSG&)S:DéII



CFD Example

& Fresh Air

Exhaust Fan >

3’3@')66?5 = 6328620060
Q C
GBfGGPC = RGOJ)GC\)

Dead Zone eoq_lféeoslu

Chapter (6)
Duct Design

Natural Ventilation et\?ecmmceon Warehouse 0350.7) Duct 0% ma?:[gloaéll

Main Duct Velocity
7-9m/s
Branch

5-6 m/s

pue
80,000 m¥hr

Main Duct

Q=22.2m3/s

Velocity
8m/s

Area



=2.78 m?
Equivalent
Approx

1800 x1600 mm
Chapter (7)
Structural Design
Bag Load

1000 Ton

Floor Loading
8-12 Ton/m?
Concrete

35 MPa

Steel

ASTM A36

Roof Load
Wind Load
Dead Load

Live Load

Forklift Wheel Load

3309000562005 11
$0Q303M 0P

Slab Thickness

Industrial Warehouse

250-300 mm

Concrete Slab

A=122.2/8



Reinforcement
Top

Bottom

D16 @200

Typical

Chapter (8)
Forklift Design
Forklift

3 Ton

Turning Radius
3.5-40m
Aisle Width

4m

Chapter (9)

Fire Protection
Smoke Detector
Heat Detector
Manual Call Point
Fire Alarm
Hydrant

Fire Extinguisher
Emergency Exit

Emergency Lighting



Ammonia Planti Refrigeration Planti Fertilizer Factory §§ Chemical Warehouse euosogé
mSmmngcxgﬁqpsc‘n—

1. Gas Detection System

2. Mechanical Ventilation

3. Emergency Shutdown System
4. Fire Separation

5. Proper Chemical Storage

6. Permit-to-Work Control

oM C C
o?\@od]ooeu
3300*':1:@5 Ammonia Leak $§¢ Ammonium Nitrate Storage Fire qPs® § com 3a|§9
T s 15 30 @ ° °
00 _COC . . . o C C . C
003MSCEI Industrial Major Accident 3%"[.391».@06:17)6@9? Design :raaog?oi

Safety Engi . Q $ 20820520726 012005
afety Engineering @ copd 33czopzedzquloopin

q C
Ammonia ooa

ADANGER
MMONIA

Refrigeration Plant

o Fertilizer Factory

e Chemical Plant



o Livestock Farm

U%%é GO&GIUJU)CQJéII

Below are example images showing ammonia gas leak response using water spray / water
curtain (water fountain) and emergency water flushing (decontamination).






Why is water used during an ammonia leak?

Ammonia (NHs) is highly soluble in water. Emergency responders often use water fog or a
water curtain to:

¢ Reduce the concentration of ammonia vapor in the air.
o Protect firefighters while they approach the leak.
¢ Help limit the spread of the vapor cloud.

However, water should not be sprayed directly onto the leak source or liquid ammonia,
because it can increase vaporization or create icing around valves, making the leak harder to
control. Water curtains are mainly used to protect responders and reduce airborne vapor,
while trained hazmat personnel isolate and stop the leak.

Emergency water flushing
If ammonia contacts a person's:
e Eyes: Flush immediately with clean water for at least 15 minutes.

¢ Skin: Remove contaminated clothing and flush the affected area with large amounts of
water for at least 15 minutes.

o After inhalation: Move the person to fresh air immediately and seek emergency
medical care if breathing is difficult or symptoms are severe.



Ammonia Leak






BREAKING NEWS UPDATE

AMMONIA LEAK CONTAINED

Water Mist Suppression System
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Sodium (Na) ° c c \oc Class D Dry Powder
esemc/scﬂmag sC
i cq3 nch&oocm orSE'c
Potassium (K) 7. 3233|4093 Ry Class D Dry Powder
R coMC Q¢
Lithium Metal o.eonm(L)Bc.c\n.ic Class D Dry Powder
i i Acetylene eoogecooag[@ SseanéRE
Calcium Carbide (CaC) y €0 s Qs > Dry Powder
. i 0cQ . c c
Aluminum Phosphide ~ 32300€§)62 Phosphine e2036gom Dry Powder
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¢ Cooking oil / Deep fat fryer fire — eslooéagjé agmrg[v_.e’s 8ssaog$[§5soo$c\n%€méu

Wet Chemical Extinguisher a’zs:néooéu
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HYDROGEN SULFIDE (H,S) INFOGRAPHIC

PROPERTIES SOURCES
OOB®® NIOL*
Colorless RouenEgg Flammable  Heavier Industrial ~ Volcanoes SewerGas  Swamps

than Air Processes
HEALTH EFFECTS DETECTION & SAFETY
i Dizziness i Fatal at High Poﬂablecas Ventilation PersonaIPmlecuve
knumm Concentrations Detectors

Hydrogen Sulfide wé

¢ Sewer

e Septic Tank
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C

:De:ﬁorqlc: (Shipyard) qps! Oil Tanker qps! Chemical Tanker qpsagé Cargo Tank, Ballast

Tank, Fuel Oil Tank, Double Bottom Tank, Void Space, Engine Room Tank qua'acgéz
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OIL TANKER ANATOMY CROSS-SECTION
DIAGRAM

DECK MANIFOLD INERT G

CCCCCCCCC

CARGO TANKS
(CENTERLINE AND WING TANI

DOUBLE HULL
SPACE

HAZARDS IN CONFINED SPACES

OXYGEN TOXIC FLAMMABLE AND ENGULFMENT
DEFICIENCY  ATMOSPHERES EXPLOSIVE HAZARDS
ATMOSPHERES

R
2



ATMOISHERIC HAZARDS IN
CONFINED SPACES

Invisible Dangers, Critical Risks
OXYGEN OXYGEN FLAMMABLE
&, ® 06 A
0.t

Carbon  Hydrogen
‘ O Mononide  Sulfide
2
LESS THAN 19.5% MORE THAN 23.5% OVER 10% LFL/LEL

2 R

EXPLOSION HAZARD
Increased Combtihiviity

* Fatigue * Invisible Killers * GASES/VAPORS
* Dizzinezs * Respiratory ¢ CAT/ARPATOPIC
* Uncocunsuneiss Damage FIRE/EXPLOSION

ALWAYS TEST THE ATMOSPHERE BEFORE ENTRY

Tank 3203&300€
o o

C [ C C
o ccvocemogm 96(’77)(:86(:3

. e.‘seep&eespagg&
- @ediilhe:
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e Oil Tanker
e Chemical Tanker

e LNG Carrier

e Product Tanker
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CONFINED SPACE
GASES & READINGS

Oxygen

2 A 19.5 % A Urficiency (suffocation)
Enrichment (fire risk)

CO Carbon

Monoxide L) PEL:50 ppm (81rs)
A 0 ppm IDLH: 1200 ppm

H, Hvdrogen
2~ Sulfide L) PEL:10ppm

AOppm IDLH: 100 ppm
Instant collapse/de death

CH,, Methane

(C H4) /Comb. A Explosive range: 5%=15%
©10% LEL % LEL (e.g. 10% LEL = 0.5%

sy Gas Detector @ Always test top, middle,
eglw Ops

W8 (4-in-1Meter) bottom of confined space
o Its before entry

g .8. (o o) ® Use continqou§ mpnitoring
= while working inside




Always test the

air at various levels
to be sure that the
entire space is safe.

Good air near the
opening does NOT
mean there is good
air at the bottom!
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nert Gas Sampling
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Liquid
WATER ZONE Sedments

(2) Oxygen Deficiency (O, .fés@&)
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0, =20.9%
C

0,<19.5%
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(J) Hydrocarbon Vapour (ags'aeg)
Oil Tank 39035:

e Petrol vapour
¢ Diesel vapour

e Crude oil vapour
coc___ ¢
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wé&od 005
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('\)) Hydrogen Sulfide (H.S)

HYDROGEN SULFIDE

H2S IS AN EXTREMELY TOXIC AND
FLAMMABLE GAS THAT CAN KILL YOU.

A 24

Avoid breathing H2S, open flames, smoking or other ignition sources.

Identify areas where H>S may
All asphalts can naturally contain HzS. be present.

H2S may collect in confined vapor Always use available on-site
space of storage tanks, rail cars, monitoring detection equipment
trucks, sumps and sewers. if H2S may be present.

Initial opening of an asphalt container, When present, ventilate
full or empty, may release toxic the space. Use appropriate
amounts of H2S gas. respiratory protection.

H2S may accumulate in low-lying areas. Only HAZCOM trained, equipped

H2S can deaden your sense of smell. and authorized workers should
enter confined spaces.

DO NOT attempt rescue unless
properly trained and equipped for
personal protection.

If H2S is detected, leave the area
moving crosswind and upwind.

ASPHALT INSTITUTE® © Aspnat in
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Tank Cleaning 035
e High Pressure Water Jet
¢ Chemical Cleaning
¢ Sludge Removal
e Manual Scraping
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SAFETY CHECK LIST

Before entry into the enclosed space the appropriate safety checks listed below must be carried out by a
competent person or officer authorised by the Master and by the person(s) who is/are to enter.

Space | |  Date] [ | | Time |

Section 1 - To be confirmed by the competent person or officer authorised by the Master to take charge
of entry:

1.1 | Have all hazards been identified?
1.2 | Has the space been properly ventilated, tested and found safe?
Has the space been isolated and secured against the ingress of harmful substances from

13 adjacent or connected spaces?
14 Have arrangements been made to continue ventilation during occupancy of the space and at
i breaks?
15 Have arrangements been made to repeat testing at regular intervals during occupancy and
after breaks?
16 Are rescue and resuscitation equipment available for immediate use at the entrance to the
space?
17 Have arrangements been made for a responsible person with breathing apparatus to be in
) constant attendance at the entrance to the space?
1.8 Has a system of communication between the person at the entrance and those entering the

space been agreed and tested?

1.9 | Has the space and its access areas been adequately illuminated?

1.10 | Are portable lights and other equipment to be used of an appropriate type?
1.11 | Is a rescue team briefed and available in the event of an emergency arising?
1.12 | Is entry into the space suitable using breathing apparatus?

Have the person(s) entering the space attended a dedicated course for entry into enclosed
spaces?

1.13

Section 2 - To be confirmed by the person/s who is/are to enter the space after the relevant checks in
SECTION 1 have been completed.

2.1 | Are you satisfied all relevant checks in Section 1 have been completed?

2.2 | Do you understand the instructions and permit to work given by the competent person or officer
authorised by the Master to enter the space?

2.3 | Do you understand the arrangements made for communication between yourself and the
responsible person in attendance at the entrance to the space?

2.4 | Are you aware you should leave the space immediately in the event of ventilation problems or
communication failure?

2.5 | Do you have any other safety concerns?
2.6 | Have you been trained in entry into enclosed spaces?

Section 3 — To be confirmed jointly by the officer authorised by the Master and the person(s) who is/are

to enter the space if breathing apparatus is to be used.

3.1 | Are you trained in the use of the apparatus?

3.2 |ls the apparatus in good condition and has it been checked for:
(i) adequacy of air supply

(i) high pressure integrity
(iii) working of low pressure audible alarm
(iv) face mask seal?

The completed card should be handed to the competent person at the entrance to the space
\_ before entering. )




(2) Permit to Work

. . C C
Confined Space Entry Permit 0Q03gupol

( J) Gas Test

ce _C C
0Co 006168"

C (Y
Gas 006303§u0
o, Q
Oxygen 20.9% 243
H,S Safe Limit 632205
co Safe Limit 632205

C
Hydrocarbon LEL 6320
('\)) Continuous Ventilation

C
Tank 3203Cs

o Explosion-proof Fan

o Flexible Duct
BC C C
¢ 6V Ul

(9) Standby Person

¢ Communication System

¢ Rescue Equipment



g]ﬁl@éll

ou Shipyard Safety Standards

° o C

3PAYPIC OF$34:
¢ IMO - International Maritime Organization
e SOLAS (Safety of Life at Sea)

¢ IMO Resolution A.1050 - Revised Recommendations for Entering Enclosed Spaces
Aboard Ships

e OSHA 29 CFR 1915 - Shipyard Employment
e OSHA 1910.146 — Permit Required Confined Spaces
e ISGOTT (International Safety Guide for Oil Tankers and Terminals)

e NFPA 350 — Guide for Safe Confined Space Entry

mémé$mm[§€@§ 33661:@33{):393“05

€ . C . . C (Y
20697 Tanki Oil Tank §C Shipyard Confined Space {P303C 6D IV:HI2G3O0

1. Gas Test em&@és
L
2. Mechanical Ventilation G?Bé:

3. Permit 9§°|:73 05553

4. Rescue Plan QOEES

=

5. Hot Work eo%gg Tank Gas Free 9@56%
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ot‘):,s@o(:‘: Mechanical Ventilation + Gas Monitoring + Permit to Work + Rescue Plan n)é Tank

Entry Safety el 396[553303(6(7)050?5 (Life Safety System) @&noaéll

cQ c -3 c ¢
GBé)GP(.DﬂGm mme&qp.,rrg morrgwsl

¢ Mechanical Ventilation 035805[553
o Fresh Air Supply eos@&a

¢ Local Exhaust Ventilation (LEV)

«  Multi-Gas Detector (O, CO, H,S, LEL oaoé)

e CO Detector
¢ NH; Detector
o H,S Detector

e Respiratory Protective Equipment (033956](7))

¢ Confined Space Entry Permit .J;é Gas Testing

30 3335°[§ 0&0l2055n
oL 2e(Y12°¢ 8
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C [P (]
ooi HVAC ]§9 1AQ @CCHC?Q'DS’B Cc

HVAC System gpsell 328m0205¢
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C o C
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e Temperature .J§§ Humidity “?3 08;;3:135';@5:
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*  Occupants qP3&ll M|$36IEEESC VOCF:QLIEIICY)

SBGSANpSH

9 Fresh Air Calculation (ASHRAE 62.1 33665)

e Outdoor Air =5 L/s per person (eoeo)

C .
avlczleplea Fresh Air

50x5
=250L/s

o C C
CFM o?ue@')cocg_]c

250 x2.119

=530 CFM

o ('n (‘Oo C o C t QO C N DO(' C
(®3§L.<§°oo§(?°oa@ ccupancy Category 320000 (rg[g)oéfcoa@)
Bu Air Change per Hour (ACH)

Formula

CFM x 60

ACH=———
Room Volume

808’)



c
3?3;?3

1I0mx8mx3m

Volume =240 m?
Supply Air

1200 m¥%hr

ACH

1200/ 240

=5ACH

L CO, Control

ASHRAE Table 6-1

50 People/1,000 ft2 | I I

X
\
5 CFM/Person =
625 CFM | | | | \
0.06 CFM/ft2 = — }

150 CFM T
° .

2,500 ft2

Indoor CO2 Sensor . |

Occupancy qpscmoaé?é CO, @500(7503éu

° o



CO, Sensor (7% @o?z[glsj
e Fresh Air Damper Loocag@é:
e AHU Fan Speed or%z@é:

¢ Demand Controlled Ventilation (DCV)
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ol Confined Space Safety

Safety Attendant

Tripod & Winch System

Winch & Lifeline

Worker in Manhole
Full Body Harness

4-Gas Monitor

Ventilation Blower
e

Eme;'gency Rescue Equlpr;lent Bag
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Confined Space an‘:f‘oo %3]
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Tank

Silo

Vessel

Sewer
Underground Pit
Manhole

Utility Tunnel

Large Duct
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e Oxygen Deficiency
e Toxic Gas

e Flammable Gas

e Explosion

e Heat Stress

e Engulfment

e Electrical Hazard

@ Oxygen Level

Oxygen 3’36[53’36?
o C
20.9% 00

C o C
19.5% 630™M LJeviclevalen)
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16% 32000g)[9M

Q coC

10% nlealebll 1o
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201 Confined Space 02€ 0335693 0a50055:4p:
pace 3¢ sciqPe

e Portable Gas Detector

e Oxygen Meter

e CO Meter
e H.S Meter
e LEL Meter

e Mechanical Ventilation Fan
e Rescue Tripod
e Harness

o Lifeline



e  Permit to Work (PTW)

2911 Mechanical Ventilation in Confined Space
C Cco
320V0LOCE
. C C C
e  Fresh Air @g Purge C\?O@Co

e Continuous Ventilation
e Gas Monitoring

e Exhaust Fan 330?@1@5
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Air Supply Duct @g Fresh Air (L)Eco
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o 1AQ og(c: 3PV3GP:6I Filter Clet

Filter %[y |pesop

G4 Pre Filter

MERV 13-16 Commercial Building
HEPAH13  Hospital / Cleanroom
HEPAH14  Pharmaceutical
ULPA Semiconductor

o Positive / Negative Pressure

Hospital Isolation Room

Room Pressure

-15Pa
Cleanroom
+15 Pa
Airlock

+10 Pa
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oG IAQ Monitoring System

C C C
emg@@m@ Sensor Qps
e Temperature

e Relative Humidity

. C02
A PMa.s
e TVOC

o Differential Pressure
e Airflow

o Filter Differential Pressure
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1AQ §C Mechanical Ventilation Design esle 630050] Standards QP3P 32qPsa0s sao?o[gl@oogn

1. ASHRAE Standard 62.1 — Ventilation for Acceptable Indoor Air Quality (Commercial Buildings)

2. ASHRAE Standard 62.2 — Residential Ventilation

3. ASHRAE Standard 55 — Thermal Environmental Conditions for Human Occupancy

4. ASHRAE Handbook — Fundamentals (Ventilation, Psychrometrics, Load Calculations)

5. ASHRAE Handbook — HVAC Applications

6. BS EN 16798 — Energy Performance of Buildings — Ventilation for Buildings

7. BSEN 13779 (:Dfééssfaq 3903334{{):::;@3 oa?sfaé] 39(cs’»oosfaos[gggc EN 16798 83%@(?
afamzo(%:ooo:wé)

8. SS 553 — Code of Practice for Air-Conditioning and Mechanical Ventilation in Buildings
(Singapore)

9. SS 554 — Indoor Air Quality for Air-Conditioned Buildings (Singapore)

10. 1SO 14644 — Cleanrooms and Associated Controlled Environments

11. WHO Indoor Air Quality Guidelines



12. OSHA Confined Spaces Standard ?é NFPA 350 Guide for Safe Confined Space Entry (Confined

Space Safety 390805)
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Figure 2: Typical configuration of an underground ventilation network
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Figure 2: Typical configuration of an underground ventilation network
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e Continuous Ventilation
e Explosion-proof Electrical Equipment
e Intrinsically Safe Instruments
e Flameproof Motors
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e Coal Dust Control
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¢ MSHA (Mine Safety and Health Administration, USA) — Underground Coal Mine Ventilation
Requirements

e NIOSH — Mine Ventilation Engineering Guidance



e 1SO 19296 — Mining Machinery Safety
e NFPA 120 - Fire Prevention and Control in Coal Mines (oae%ézsael 390%:@1&}@0;}0
coS:02591054p2)
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o ASHRAE Handbook (Ventilation Principles)
e BSEN 1710 — Underground Mining Machinery Safety Requirements

e |EC 60079 — Explosive Atmospheres (Explosion-proof Electrical Equipment)
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Major Pollutants in subway & metro environments

Air quality in underground transit systems is shaped by a unique
mix of mechanical, environmental, and human-generated pollutars.
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Brake dust and PM 2.5 and

soot entering
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intakes

metal particles
from rail systems
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Microbial load
and humidity-
related
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Odors and VOCs
from underground
operations
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e Carbon Monoxide (CO)

e Nitrogen Oxides (NOy)

e Carbon Dioxide (CO,)

o Diesel Particulate Matter
e Hydrocarbons (HC)
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Dust particles on surfaces
a-Fe,0, and other dust components
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gemeene Critical velocity to avoid back-layering

g Smoke Extraction System



Ventilation
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Smoke Exhaust Fan
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e Passenger Load

Train Frequency

e Heat Load

e Brake Heat

e Tunnel Length

e Tunnel Diameter

e Air Velocity

e Pressure Loss

e Fire Scenario

e Emergency Evacuation Time
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Axial Ventilation Fans
Jet Fans

Smoke Exhaust Fans

Air Handling Units (AHU)
Dampers

Fire Dampers

CO Sensors

CO; Sensors

PM Sensors
Temperature Sensors

Building Management System (BMS)
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Solar PV System qPsogc

e Solar Panel (PV Module)
e DCCable

e Junction Box

e Combiner Box

e Inverter

e Lithium Battery (Hybrid System @66](73)
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e Glass

e Silicon Solar Cell

e EVA Encapsulant (Ethylene Vinyl Acetate)
e Back Sheet (Polymer)

e Aluminum Frame

e Junction Box

e Cable Insulation
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e Acetic Acid Vapour
e Organic Vapour
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e PCBBoard

e Epoxy Resin

e Plastic Housing

e Capacitor

e Semiconductor (IGBT/MOSFET)

e Cable Insulation
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e Carbon Monoxide (CO)
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e Acidic Smoke
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e String Voltage = 600V DC
e  Utility Scale PV = 1000V-1500V DC
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(2) Inverter / Electrical Panel Fire
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e Inverter Room
e Electrical Panel

e Control Room
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e DCArc Fault
e Hot Spot
e Loose MC4 Connector
e Cable Overheating
e Junction Box Failure
e Inverter Failure
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(9) Emergency Shutdown



Rapid Shutdown System (0%396@333 Design qp:ogé)

(3) Ventilation
Battery Room §§ Inverter Room og(cz

e  Fresh Air
e Exhaust Fan

e Gas Detection

on n:mrafééem Safety Standards
Solar PV Fire Safety 3308(78—

e |EC 62446 — PV System Documentation and Commissioning
e |EC 60364-7-712 — Solar PV Electrical Installation

e NFPA 855 — Energy Storage Systems

e NFPA 70 (NEC) Article 690 — Solar Photovoltaic Systems

e NFPA 70E - Electrical Safety in the Workplace

e |EC 62933 - Electrical Energy Storage Systems
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1. Toxic Smoke (CO §C 33[59. Fume elp.)

2. High Voltage DC Shock / Arc Flash

3. Battery Thermal Runaway (Hybrid System qps)
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LITHIUM DENDRITE (—————— _TEMPERATURE VG
;J | SEPARATOR MELT FURTHER CATHODE @
(SEPARATOR FLAWS) | g ) <5 DECOMPOSE | | "NCREASES | DECOMPOSE, uQuID
CURRENT OXYGEN ELECTROLYTE
OVERCHARGING COMBUSTION |
ANODE EXPOSED RELEASED Y A SRz
CELL CRUSH (HEAT) Crue)

SEPARATOR AND

LIQUID ELECTROLYTE BATTERY TEMPERATURE INCREASES

» »
CATHODE ANODE FIRES, EXPLOSIONS
STAGE 1: THE ONSET STAGE 2: HEAT ACCUMLATION STAGE 3: COMBUSTION
OF OVERHEATING AND GAS RELEASE PROCESS AND EXPLOTION

%?\S/IC'S'I?FAICS Stages of Thermal Runaway in Lithium Batteries



Cell Failure Heat Propagation

Thermal
Conduction
between Cells

Internal
Short Circuit

Venting of
Hot Gases
(350°C)

Separator \
Breakdown Rapid
Temperature Rise
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00
(B200) Heating of
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Solar Battery Room (BESS) Ventilation Design (Engineering Level)
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3. Explosive Gas Concentration e@éeoqc

4. Battery Performance ?ﬁé Battery Life Or% 08$:33§8€f

5. Fire Fighter qps C\?@ltg) oéespog%ésf
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(2) Normal Ventilation
Battery 32&)0’3 Louggpssﬁ
e  Supply Air Fan

e Exhaust Fan

e Air Conditioner (a%) Precision Air Conditioner
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Air Change Rate (ACH)
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Room Type Recommended ACH
Battery Room (Normal) 6-10 ACH
Large BESS 8-12 ACH

Emergency Purge 15-20 ACH (Risk Assessment 39@1)

Y C C C C co C C - .
ACH o Code ealloplebli"Rebleal eslensiiziebn) O’)e?(fzeo?ood\) Battery Manufacturer §C Fire Risk

Assessment %GOT%CDéﬂ ea:saugqo']oaéll

Example Calculation
Battery Room
Length=12m
Width=8m

Height =4 m
Volume

12 x 8 x 4 =384 m?

Q =Volume x ACH
384 x 10 = 3840m3/hr

CFM

3840 x 0.589 = 2262CFM

Supply = 3,840 m¥h

Exhaust = 3,840 m¥h



OC’LS we@ésj Fan Gglssllw%&ﬂooéu

(§

. C . (4 C
u Design POMOPI:M Gas Suppression oesmsmgmm:?

336@:.1}: "oésmszmé“ @563:5(08"3 Gas Suppression mﬁ?mé:rrgl e§§m§6]u

gagaaan
janamnn

T
jnaumnN

T
I

°

aanana
jannoon

uagaang
iaganng

T
I

gagaaan
gagannn

aanagaa
aanuann

T
T

. . C ool &
Professional BESS Design ¢ 3aq.p°3n°@g

Early Smoke Detection (eom Aspirating Smoke Detection)

Gas Detection (HF, H, CO)

Mechanical Exhaust Ventilation

Thermal Monitoring

Battery Management System (BMS)

Fire Alarm System

Fire Separation

Q C C . .
Q32020 Fire Suppression System




Item Novec 1230 FM-200
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329532023 Clean Agent Clean Agent
o ocC ° c@ ocC C C C C
cpdesds =od{jcy 2ogecqp  aageaypd
C C
Residue °M|¢ °M|¢
Co Co
Electronics GONCs 6ONCs

Battery Thermal Runaway (‘/03 Cooling X

>
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N . ¢ oc¢
Re-ignition Risk §1$C SC

o o C C R C Oo C (’° cCoC C (‘°
33661:;@.,3)8(}0 Novec 1230 &C FM-200 200 eoeornmn% ogfoq_"o%cemm s Battery Cell

30)&2 Thermal Runaway 03 20936 05 qom$e02055 Cooling wev:dEali
REs Y 0 PIIREQP qUOd§E0R Cooling wevss

vl Professional BESS Fire Protection Design
Battery Room 0003?390806 39%9:33')3@(:: emtﬁ(ﬂ&?&ipz(ﬁ e&é:@é@oﬁ?z@l@wéu
e Battery Management System (BMS)
e Temperature Monitoring
e Smoke Detection
e HF/H,/CO Gas Detection
e Mechanical Exhaust Ventilation
Q C

e Explosion Relief (C\?:s'aocﬂm)

e Fire-Rated Room



e Emergency Shutdown
e Fire Alarm

e Site Risk Assessment 32§ QD(QSGC\ZEI'SGDJ) Fire Suppression System

e@fwef rr?smzec\;?]sm Standards

Battery Energy Storage System (BESS) Fire Safety Design 086 630l Standards Q{onf% 32)&{]’)3&?3
o C

zao?o[gl@oaeu
e NFPA 855 — Standard for the Installation of Stationary Energy Storage Systems

o NFPA 70 (NEC) — National Electrical Code

e NFPA 72 - Fire Alarm and Signaling Code

e NFPA 68 — Explosion Protection by Deflagration Venting (0%33600 SG:%GPE{PS)
e UL 9540 — Energy Storage Systems
e UL 9540A — Thermal Runaway Fire Propagation Test

¢ FM Global Data Sheets (:Déecqﬁoaé 3’3(?)5%“93)
e IEC62933 8:813 (Energy Storage Systems)

Engineering Recommendation
100 kWh © Multi-MWh 3203 Solar BESS Plant Room qso3¢ "Novec a3swconsi FM-200 a3sc0ds”
oM eac")z@ogoaéd]u
L L °
Q
oooeesogo
1. Battery Chemistry (LFP, NMC ®ooé)

2. Battery Capacity

3. Room Volume

4. Ventilation Design

5. Gas Detection

6. Thermal Runaway Analysis

7. Fire Risk Assessment
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o8] c%:afaecgse(chogé Gas Detection + Early Detection + Ventilation + Fire Alarm +
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ceqPea0n Suppression + Emergency Response 0207 60IC:PO002262 Multi-layer Protection 0
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ABC

FIRE EXTINGUISHER
DRY POWDER

EV rmsogé 8:6:\7:5%5633: PR ef"s
(2) :raogésa%s (Cabin) Sssc\né@&

e Seat

e Dashboard

e Plastic

e Upholstery



— ABC Dry Powder o%eo?cg Water (oaoe$ Class A Fire 33@05) @5 @éz%&ﬂwéu

(J) Motor/Inverter/Electrical Equipment 8:6(\)’)5@%

e Inverter

e DC/DC Converter
e On-board Charger
e  Wiring

o . o (] [ o [~} ° oc (Y
— CO; Fire Extinguisher VWD ABC Dry Powder m mfa.saaa.@ﬁcé]mau

. -] croc (Y o
('\>) High-Voltage Battery Pack ezemcEcz (m&spw:nqp:acez)

Battery Cell qp: Thermal Runaway @&;yﬂm—

Cc e C O OC OC C C o ocC ’]
*  Dry Powder 20p0 9260000000 90X 00§:&CE0000p0: Cell 3209C:320M) veaPSCOl

83334_’":3300: :»§eornsaoo 0320076308
Cabin Fire ABC Dry Powder / Water
Electrical

v
Equipment 4 co. / ABC Dry Powder

(] C C e oc¢C C C .
Dry Powder e ICIS plep) CO; Q0PO M$PE00$39|| 090! Battery Cell cclenlon Cooling
Battery Pack Fire
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C\?3’BO
Q(TS (TS—EV Battery Pack 8”@(\7)680)6 3’360)39@ 8 8"33(73036(\9 0 S Batter' 09J @) C@o
QOO3| Y ° i () 151 €2 8K][Pso° Yo §123
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:m;sazeosgc: (Cooling) o0 memeso’)cglm@o 200l
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Gl Cabin/Electrical Fire 6205c050lm
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EV Battery Fire eh :né)spugqps

o c C coC C
Battery osccooCo 080’3?0@37) GDO)G%RPSGJ;O

e Hydrogen (H,)

e Carbon Monoxide (CO)

e Carbon Dioxide (CO;)

e Hydrogen Fluoride (HF)
o O

9.9, C’]
Bo?n(Y_L) @ﬂ"OD(DDO I

°On
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EV Service Center §¢ Rescue Team qpPso3¢ ooo.ﬁa)gs:no S TaAl | o

e ABC Dry Powder Fire Extinguisher
e CO; Fire Extinguisher

e High-Voltage Insulated Gloves

e Face Shield

e Thermal Camera

e High-Voltage Rescue Hook

C

e Gas Detector (HF Detect C\?O%é(ﬂm GOOO&)

~Co

oooeacl:: 393.2:@1:»§eo:n 883)0’36@83?'_83) S 8sem$méefspec;rﬁméc;lméu

e Cabin a%ocqé 33033:9%393 - ABC Dry Powder 05;9(::305 69

e Electrical Equipment 8: > co, ot:ieu?os ABC Dry Powder
[ Q c S e,9¢, c o, e,
e Battery Pack o2 - Dry Powder el lSplea) CO, 20D0 M$PRA0$2]||0YI0RMDIN 3*3:)17000[9o

Battery Cell :raﬁn% GWQI‘I% Cooling (\%:n&ﬂméu

Battery Pack S C C < c@ C «c0l @ [gc C .Q
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Exhaust Air




COMMERCIAL KITCHEN VENTILATION SYSTEM

\ T /' Make-up air unit
Hinged upblast i L _ B )
exhaust fan Outdoor air

Grease duct

Access door

Make-up air

Cleaning label

Grease filler — |

Fire suppression Blast-proof lightning

system

Type-l hood

Cooking appliance —___|

©CCPIA.org

C C o " T C C
Hotel §C Restaurant QP3O0 QR3QPs ?Go.,:aao.?.,@leoao Life Safety Buildings @@eme@og
Mechanical Ventilation <J§<§ Smoke Control System :):)&5 mfvsaneqpéaﬁesl: (Comfort) 3303(73:17)@(0

mmtrgaaé)epcﬁwnfgugeel: (Life Safety) 330806(3] @cg%%eqs@s(ﬂoaéu

o C C C
PODGRYDYPPE
. S Fresh Air o8 C A
o QOGP:320RM Fresh Air COECDMICL2G$
. 88(%66”’)6? Heatl Greasel Smoke ?scg Odor 0(3 couggpzsﬁ

C . o C
e CO; §C Indoor Air Pollutants 09 6OQPJIq$

o cCocC C o Oof¢C C(e C C Q ° ocC C
*  ©936QOOCY|$0RC Smoke 0 oo§:sl|lo[9: ogme@:me: (Means of Egress) 0 3339:@1.%%03%
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Mechanical Ventilation System 0co©902C emm(ﬂo§oeﬂo: &oce(\)q:x)gu
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1.

2.

3.

4.

8.

9.

Fresh Air Supply System

Toilet Exhaust System

Kitchen Exhaust System
Kitchen Make-up Air System
Basement Car Park Ventilation
Laundry Exhaust System
Smoke Exhaust System
Staircase Pressurization System

Lift Lobby Pressurization System

10. Corridor Smoke Control System



Kitchen Exhaust System

. . § . . . CN\ o N C C C
Commercial Kitchen 200 Ventilation Design 3290093036$6PQP:00Y O’)O)?@‘DCD@II

Exhaust Riser

Steel Hangin
/— «f ___ Angle (typreal)

| 100w Vaporproof
Ségé,‘ﬁ\ l 'S Im‘andsspo%nt Lights
Conneclion
7 S
22.5"
L UL Classified
& Baffle Ty
- . Grease Filters
47 5 1
: 1
e i Sloped Grease Drain
/ | with Removable Cup
1 =7 4
/ 450 D " 28" min
A End Panel!
7 "\ 700 Dog Er o
Su Air 77 700 Deg End Panel
pply
Discharged 7
Below Cooking
Surface 7/
All Electrical / Equipment
and Plumbing V By &'I?ers
Conneclions /
Must Be Located /
Below the Back /
Return Air Plenum %

|



dicated Make-Up Air

nsferair
‘
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| Commercial Kitchen

C C
OUOEP2q LRI FEPYPE
e Heat
e Smoke

e Grease Vapor

e Steam

e Cooking Odor

e Combustion Products
3’38(7)3’380339(?8:&11’)3

e Exhaust Hood

e Grease Filter

e Grease Duct



F‘ D o C C o C.
. ire Damper (cxgzaooo@e‘?qupoogc)
e Roof Exhaust Fan

e Make-up Air Unit

e Control Panel

" N N C Co
Kitchen Ventilation QM3 MY (eom)

Kitchen Hood Size

e Llength=3.0m

e Width=12m
Capture Velocity = 0.5 m/s
Face Area

3.0 x 1.2 = 3.6 m?

Airflow

Q=AxV
Q=36x05=18m3/s
1.8 x 3600 = 6480 m3/h

C\%%&GQJ’) Exhaust Airflow = 6,500 m¥h

Make-up Air (7(13 (?9%3903@(? Exhaust Airflow &l 80-90% a% @%mé@ Seozoaéu

Smoke Control System



Typical Stair/ | Pssuiton
Shaft Pressurization  resa - P

- ) J

Relef Louver

The stair shaftis
positively pressurized
/ with fresh, clean air.

Rooms are negatively
pressurized preventing
smoke from getting into
the stair shaft.
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Fire Safety Design nq



33@303053383@03(7% gg&a@oézaé] Required Safe Egress Time (RSET) 020 Available Safe Egress Time
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(ASET) 0 .§@zq&905|
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334{[)333’33@C
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e Alarm Qs 1-3 9?03’30303 0)0)0686 C320COIloOWOII
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e High-rise building cleal el o0 stair pressurization (S]G]q e:@ze@og 6OYON00060236320C
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03M$ Fire Engineering 32§60 Alarm @,@. ClleE] (efoa@fa.cma@mc.) MM
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On
~0
On
C

1 ° [<]
220 Bl@ Assembly Point ng csprﬁesaoé ao&@é: ™ P6e; @a? @6(.;]0)05"

cO _C C C Cu
NFPA 101 (Life Safety Code) &C Building Code GORED "NUISOYF$O3IOPC: QMUUO" )

C

S (75@0306?000033:& Required Safe Egress Time (RSET) o% Available Safe Egress Time (ASET)
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RSET (‘/? GOOUBO{IS’X)S 3(\?08000 (eplon]l}

RSET = Detection Time + Alarm Time + Pre-movement Time + Travel Time

C CO N o C__ 9 C o O (§ C
806')3333@() 00 OOOG]O’D §232690000320:000C0:MD @E‘)G]_GWDCII
3 1H7e 1 L L S

2] Cc(e [ CcC o 0O C
o Smoke detector m eso)ooc[gz 30 oM 3203Cs B:0DEOR0OWI

o

[of o O Q C
e Alarm 00 10 0‘(’3‘? 3200 13?@&)’)(7)338 OZ) C\i)SO? 322060:0000Il

C (§

C(e o
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RSET =30 + 10 + 60 + 180 = 280 og));i
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o _C C
e RSET=4 050 40 Dloal

e ASET=8 8‘?45

Travel Time = Travel Distance + Walking Speed

80@')

e  Stair + Corridor Ql)ql)ed]ég =60m

. coooogewoogs\l cﬂ@:&sj(\)&ecgpns l%s =0.8-1.2m/s ((\) [gé(ql lzaeo'T\eoo@)

L o
Qo _C
éX)GlC

L

60+1.0=60 oggfi

C N . C O ocC
C\I?eipo[g@eg?og:maf] Walking Speed 00 0.5 m/s caon0D00 oJ§come C

60+ 0.5 =120 00§,
o oc C
3200 @)et.cd]oooau
Stair Pressurization ﬁﬁzaa%:mt‘;g;
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20€oraoi) GenGlo stair pressurization oo og
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puW 09 oof)%or:) Office Building ooogc\?::ajn
e Stairwidth=1.5m

e Occupants = 600 cu»nd

Floor-to-floor height =3.6 m

Pressurized stair = Yes

e Automatic sprinkler = Yes
o _C

. . Cco C C o C
30§ C Fire Engineer o c3200330C36 (flow rate)i clenleaakiczleallCh] mé]z@aﬂua|
L (o] L L L 1

C © O o o C o . .
QOEs3(PIIIC08I 0:95Q| &9 o)o§ 323|60RM Software (Bom Pathfinder, MassMotion, FDS)Er.
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3?8&)’)0033830)0)?%](:8@ nG(?Cgl C\IZE398613908(7)I Fire Protection Systems «i
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Pressurisation Fan Fire-Resisting Camper Smoke Exhaust Fan Senoke Exhaust Damper
xr X
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Smoke Control System e 9 CgloSql(rggb
Smoke 03 038:a115(a&:
. moke 0 oo‘?.,q”o@co
(o] C C
e Escape Route 0 Smoke MC:60q$
. o . C Cc ¢
e Staircase o0 Positive Pressure @g NP
Lift Lobby 03 Smoke woleoqs
o Lift Lobby 0 Smoke woce0q$
cﬂogcmsagog:ngé:qps
L

e Smoke Exhaust Fan

e  Smoke Damper



e  Smoke Detector

e Fire Alarm Control Panel

e  Stair Pressurization Fan

e  Pressure Relief Damper

e Automatic Smoke Curtain (03396(3](7))

Stair Pressurization

Roof

| Pressurization |

| Fan |
PR RN +
|
|
Staircase Shaft

Positive Pressure

CcoC
Smoke ©0C&C

o C C . o . C P C
99@7}3@(} Staircase 0 Corridor coo Positive Pressure ooo::qj Smoke ©0Ceoq$ 3

c _C C C

Hotel Ventilation Design 03C 0P3@I3PI R MY Ps

C
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Occupancy

Fresh Air

Kitchen Heat

3’36618(.;]3
opdieq

CO, o&%em&el%

Cooling Load

co

Esap20051
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5 )

D™ Peeqsuly

Toilet Exhaust Odor Control
Laundry Humidity Moisture Control
Basement CO CO Detection

Fire Zones Smoke Compartmentation

Energy Saving Heat Recovery, VFD

Duct Design
og(ﬁqlogqemafasdogqu

e Supply Airflow (CFM / m¥h)

e Return Airflow

e Exhaust Airflow

e Duct Velocity

e  Friction Loss

e Dynamic Loss

e Total Static Pressure

Fan Selection
o C
6§)s]|uOsPORC
e Airflow
e Static Pressure
e Fan Efficiency
e Noise Level

e Motor Power

Fire Rating (Smoke Fan 33080’5)



Control System
e  Fire Alarm System
e Smoke Detector
e CO Detector (Car Park)
e Temperature Sensor
e Pressure Sensor
e Variable Frequency Drive (VFD)

e Building Management System (BMS)

e@%eqc@r&pq@m Standards / Guidelines

C . . . C C o OCo C o ° ° §
Hotel §C Restaurant Ventilation Design el Gmm&®q§®£§eqpo(p @qpoa?ozao?o@l@oa&?n

e ASHRAE Standard 62.1 — Ventilation for Acceptable Indoor Air Quality
e ASHRAE Standard 55 — Thermal Environmental Conditions

¢ ASHRAE Handbook — HVAC Applications

e NFPA 90A — Installation of Air Conditioning and Ventilating Systems

e NFPA 92 — Smoke Control Systems

e NFPA 96 — Ventilation Control and Fire Protection of Commercial Cooking Operations
e International Mechanical Code (IMC)

e International Building Code (IBC)

e SMACNA HVAC Duct Construction Standards

e CIBSE Guide B

e EN 12101 - Smoke and Heat Control Systems

. 63:)33300306 Building Code ?ﬁé Fire Code Qp:

"8sm$m8§°ecpcr§mooésaog em§%€sl$" wean 3au|)laaaog§ 336&’)(75335“% eggésaéo n
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Fire Safety Design e\ saegé Principle

. . . C (=] ocC o 0O C
Fire Engineering eale 336613@88333 303)$ (J) Q|[:§22p0!
o Available Safe Egress Time (ASET)

ASET3$03 )

e 6.9 oC Q < C .. Q 2, 0C
ol e:cI)zl 33(|.EI %moegmﬂe@og C\DGZG@')C%O? e:l:l)SéL.CGCO’)
eom

Smoke Layer 0’{1(00@8:
Temperature > 60°C

CO Concentration @ém@é
Visibility < 10 m

[§5cnoonSancs =4

ASET

Ju Required Safe Egress Time (RSET)
(9] C
RSET a?oa@ef\o

C C og o C _C [of cC o__C
%CDOGWJ(D C\? lsp:%espmsl.f 33??0)(7)0)(\?3306

RSET 026
o

e Fire Detection Time
e Alarm Time

o opgp: a?@ogs?]% (Pre-movement Time)

8 c@@[smeﬂ’ (Place of Safety) 3?.

o 33:{']% @ogooéu
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Fire Engineering Rule
C =] C

3263000032V

ASET > RSET

C '] C

@6)610 epoll

PO

ASET =15 856

RSET =7 856

C
C

8o
20

o e c_oc €0 o€ os Xo

WYPE PUOEADMIRF[$I203C3 QMUCD?
Q 2 8o 64

0207|6000 323|020 wqol

C ’] C ’T‘ § (§
63200 3’3%](‘0%]’)560 ?U)@CO@II

e Building Height



e Occupant Load
e Stair Width

e Fire Load

¢ Smoke Control

e Sprinkler éﬁ/e(j;)]

pow
10 005 Hotel

Occupants
300

Stair

23

Sprinkler

Q

bl

Smoke Control

Q

bl

Evacuation

:'] ? 20 8?5

<, @099 ¢ ¢ ¢ 9o ¢
3’3080, eo)oGO'.)Gl{? q@a&)@(\?ﬂ&)&?ll

40 006 Office Tower

Occupants
2,000

° Cc(o C C C
evlczatient ooo)[glcooes eeoc:@d]u

Phase Evacuation



Floor-by-floor Evacuation

e Fire Station 30OPI2608
o3eol o C[§° 303307 2005 orSj i
220! QOOR(G: el 90°8) 0§

[ nCQ.C C, co_ ¢ c_Q 2EN2355
8(.)6’)33)..@9 [310@6333({]90030 6:?03??&?:,003? QDLDG?@GO’.EPG’B(X) (73’.)@').,%00 338"

3’]3@9{3 Smoke Control System me@§c§w&?
Smoke Control System :Dé

ASET 093

V Stair o Smoke voleo

. o cocC
v Corridor 0 @c§cewse®



Vv Temperature GC\J)J?GOSOD@C

. . C coC C
V Fire Fighter 0CBEPMSCEOI

High-rise Building og(cz eﬁéesfﬂoésm Systems

e Automatic Fire Detection
e Fire Alarm

e Automatic Sprinkler

e Smoke Exhaust Fan

e Stair Pressurization Fan
e Fire-rated Staircase

e Fire-rated Doors

¢ Smoke Dampers

¢ Emergency Lighting

e  Exit Signs

e Voice Evacuation System

e Fire Command Center

. . . C C Y
Engineering Design ¢ meogcgmmco?
Fire Engi 22005 632005013391059P203 05305205
ire Engineer qpz23p) qIogps ogosquos(ogoops

o1l Occupant Load

1.0-1.2 m/s
Stair

0.5-0.8 m/s



el Stair Capacity
poe

1200 mm Stair

G Smoke Filling Time
Smoke Layer
:7305@(\300’5@%@§ (qlecx\au
CFD Software
(FDS, PyroSim ©20p5)
@6 02052051

g Q3P
g Smoke Exhaust Rate

C C

D036 CFM @5

C N
Smoke Soleslleb]l



Bu Stair Pressurization

C C
20036000 M Pascal

[of ° cCoC C C C C
50 Pa aﬁ(mﬁzgg‘%cem %cmzmioaooenm

30
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oﬁsesfc@zogfoean Standards

Fire Engineering o2& 3 °96°3305°@GOJ) Standard 128
e Engineering 03 QPeaQs320:(Y| andards qpz¢

e NFPA 101 - Life Safety Code
¢ NFPA 92 — Smoke Control Systems
e NFPA 13 - Sprinkler Systems
¢ International Building Code (IBC)
e International Fire Code (IFC)
o SFPE Handbook of Fire Protection Engineering
e EN 12101 — Smoke and Heat Control Systems
e BS 9999 - Fire Safety in Building Design
e CIBSE Guide E — Fire Engineering
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Here are some notable fireworks factory explosions, along with photos from news coverage.







1. Liuyang Fireworks Factory Explosion (China, 2026)

e A massive explosion occurred at the Huasheng Fireworks Manufacturing plant in Liuyang, Hunan
Province.

e Rescue teams evacuated nearby residents and firefighters worked for hours to contain secondary
explosions.

2. Suphanburi Fireworks Factory Explosion (Thailand, 2024)

e The blast destroyed the factory and scattered debris across nearby farmland.

Moment When Japan Mall Exploded After Powerful 7.1 Earthquake That Killed 13 | Terrifying
Videos Surface

Expert cites gas buildup as possible cause of Kumamoto mall blast







Below is a typical Japanese supermarket/commercial kitchen gas safety system used in large
supermarkets, food courts, and central kitchens.

Typical System Photo
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The images show:

Gas leak detectors

Automatic gas shutoff valve
Emergency manual shutoff button
Kitchen hood fire suppression system
Central control panel

Gas meter and monitoring system

These systems are commonly used in Japan to automatically isolate the gas supply during emergencies.



Typical System Design
City Gas / LPG Supply
|

Main Gas Meter

Automatic Shutoff Valve

Gas Leak Detector  Earthquake Sensor

Gas Safety Controller

Emergency Fire Hood Ventilation
Stop Button Suppression Interlock

Gas Solenoid Valve

Kitchen Gas Appliances

(Burners, Fryers, Ovens, Boilers)



Safety Functions
Safety Device Function
Gas leak detector Detects methane/LPG leakage
Automatic shutoff valve Stops gas automatically
Emergency push button Manual emergency gas shutdown
Earthquake sensor Shuts gas off during strong earthquakes
Fire suppression system Activates hood extinguishing and closes gas valve
Ventilation interlock Gas cannot operate unless exhaust fans are running
Pressure monitoring Detects abnormal gas pressure
Central monitoring Reports alarms to the building management system
Automatic Gas Shutoff Sequence
1. Gas leak detected.
2. Alarm sounds and warning lights flash.
3. Controller sends signal to the shutoff valve.
4. Main gas valve closes within a few seconds.
5. Gas appliances stop operating.
6. Building management receives the alarm.

7. Gas supply can only be restored after inspection and manual reset.






=

Stairower

i Building |] Fire rated door . Air supply fan Pressure vent

&= Exhaust/Ventilation D Air supply duct

Fire Protection System 0)563038 338(7)3308@§ Gm(rg&oc?ogqps &o&.ﬂooéu

1. Fire Alarm System
2. Automatic Sprinkler System
3. Fire Hydrant System

4. Fire Damper



8.

9.

Smoke Damper

Staircase Pressurization System
Smoke Exhaust System

Smoke Stop Lobby

Emergency Lighting

10. Exit Sign

11. Fire-rated Staircase

12. Fire Command Center

13. Emergency Generator

ol Fire Damper
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TYPICAL FIRE DAMPER DETAILS




How a Fire Damper Stops a Fire

Fusible Link

& Spring approx. 72°C \
Mechanism A

1. Normal Operation: 2. Fire Starts: 3. Damper Activates: | 4. Fire Contained:
Air Flows Freely Heat is Detected Fusible Link Melts Blades Snap Shut

Damper remains Hot air from a fire Heat melts the Released spring
open, held by a enters, raising fusible link, instantly snaps
spring-loaded temperature to releasing the spring blades closed,
mechanism and a approx. 72°C. mechanism. stopping fire and
heat-sensitive smoke.
fusible link.

=)\ DAMPER
S) sare



Fire Damper :Dé HVAC Duct 330353? 8890&36061% 0 620Eomsean Automatic Damper @oga)éu

Damper = OPEN
Air Flow = Normal
Q. < 4
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Damper 805000520051
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e Fire Rated Wall
e Fire Rated Floor

e Shaft Wall

e Duct Penetration

Ju Smoke Damper
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Stair
Corridor
Exit Door

Lobby

G Emergency Exit Sign




Exit Sign o;)é

Green Color

White Letter
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gu Fire Escape Staircase






Fire Escape Stair :Dé

Fire Rated Wall

Fire Rated Door
C Co
(ﬂ');:@g 0260006000

Protected Escape Route

e 2 Hours Fire Rating
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Bn Staircase Pressurization System

Rooms are negatively
pressurized preventing
smoke from getting into
the stair shaft.
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Smoke Exhaust Fan :)Dé
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Fire @Sem:na'] System gz 33(\35:\?5(:)
Fire Start
|
v
Smoke Detector
|
v
Fire Alarm
|
I +

I |
vy v

Sprinkler Smoke Exhaust Fan
| I
v v
Fire Damper Close Smoke Exhaust
|
v
AHU Stop
|
v
Stair Pressurization Fan Start
|
v
Emergency Light ON
|
v

Exit Sign ON
|



v

People Escape
|

v

Fire Brigade Arrive

Engineering Design 035 ag(ﬁqlcrgqcmmgjmce"os
Stair Pressurization

e Required Pressure Difference (Pa)

e Door Opening Force

o Leakage Area

e Airflow (CFM)

Smoke Exhaust
e Smoke Production Rate
o Smoke Layer Height
e Exhaust Airflow

e Fan Static Pressure

Emergency Lighting
e Lux Level
e Battery Backup Time
Exit Width
Occupant Load
N
Stair Width
N
Door Width
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Evacuation Time
03054|056 205!
oﬁsesfc@zépﬂem Standards
Fire & Life Safety Design ogé 33%0:3@3393?3@[@37) Standards qpsed
o NFPA 101 - Life Safety Code
e NFPA 80 — Fire Doors and Fire Dampers
e NFPA 90A — HVAC Systems
o NFPA 92 — Smoke Control Systems
e NFPA 13 — Automatic Sprinkler Systems
e NFPA 72 - Fire Alarm Systems
e IBC (International Building Code)
¢ IFC (International Fire Code)
e EN 12101 - Smoke and Heat Control Systems
e BS 9999 - Fire Safety in Buildings

e ASHRAE Handbook — HVAC Applications (Smoke Management 399%3)

e CIBSE Guide E — Fire Engineering
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ASHRAE Standard 62.1 Fresh Air Calculation (Ventilation Rate Procedure)
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RESTAURANT AND KITCHEN VENTILATION

Rooftop unit

Ceiling -Fivrewalvl

——WM/)
—

Open dining room

Make-up air unit

7,000 CFM

Kitchen

e

Upblast fan

8,000
CFM

)
—5 1 ‘ /
CCPIA.ORG
CFM = Cubic Feet per Minute
Appliance
. = Air flow in .= Air flow out
Heating &
Supply Fan Cooling Coil  Filter
° By
bl
~ AR Outside Air
R
. N
Mixed Air Temp. Sensor¢ P » \OutsideAir

Pressure Sensor

Damper

—
Economizer
Controller

MEPAcademy
e i

|

Return Air

Damper
Outside Air
Temp. Sensor

Relief Air

Return Air Temp. Sensor

Barometric I
Relief Air Damper




Fresh Air e)C\?L)GC\D(‘rg(S]m
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ASHRAE 62.1 Ventilation Rate Procedure

. (o] [o] C C [« (% C °
Fresh Air o 39@003300@9 C\Ialﬁaesl (People Load) $C PI$1PM|W (Floor Area) §®?c9°33eoT

Voz = Rp X P+ Ry X A,

=)

C

e Vbz = Breathing Zone Outdoor Airflow (L/s)

e Rp =Outdoor Air Rate per Person (L/s-person)
e Pz =Number of People

e Ra = Outdoor Air Rate per Unit Area (L/s'‘m?)
e Az =Floor Area (m?)

ASHRAE Table & Rp $¢ Ra

pued

Building Type Rp (L/s-person) Ra (L/s:-m?)
Office 2.5 0.3

Restaurant Dining 3.8 0.9

Hotel Guest Room 5.0 0.3



Building Type Rp (L/s-person) Ra (L/s:m?)

Classroom 5.0
Conference Room 3.8
Retail Shop 3.8

?ogq_lrrg - m%@seﬂozo\)é ASHRAE 62.1 Edition 39(\0305 3a§é30056@353c6%603@

°

3’3&?2@[&?@&7) Edition 093 afaooé@[qof]epéu

Example 1 (Office)

C C
Y MIROM
Office Size

20mx15m

Floor Area

Occupants

30 Persons
ASHRAE Table

Rp = 2.5 L/s.person

Ra=0.3L/s.m?

Step 1

People Component

Step 2

Area Component

20 x 15 = 300 m?

R, X P,
2.5%30=75L/s

Ry X A,
0.3x300=90L/s

°oOn

-0

Cn
o3

P



Step 3
Total Outdoor Air

75490 = 165 L/s

Convert to CFM

1L/s =2.119 CFM
165 x 2.119 = 350 CFM

Fresh Air Requirement
=165 L/s

=350 CFM

Example 2 (Restaurant)

Restaurant f‘é Dining Hall qugé Exhaust Air System §§ Fresh Air (Make-up Air) System
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Fresh Air System Flow

Outdoor Air

Air Intake Louver

Air Filter

AHU / FAHU



Cooling Coil

Supply Fan

|
Supply Diffusers

v

Occupied Space

Exhaust Air System me@o&\?sa&ox\\)
Exhaust System Q)é
o (2] .
. 3’30?2@[[936330 QO (Stale Air)

. COZ

. Toiletsfa%
e Pantry 32%

e Heat

e Moisture

Occupied Space
|

Return Grille

Exhaust Fan

Exhaust Duct

Outdoor



Cinema (‘J'Sﬂé‘:l)

C Co C
259640083
. opepr
loplopBeaé:
. %qﬁ CCl)C Cc:
. 8(78(17)8@030@:?61’)

Q.0 ¢ C
L 6300)0003@(:8

C C . C 2] C
@@eme@')g Fresh Air 33(\3§336613EY3303@||

o

Q0 C
3(?08326@9?0—

e Fresh Air - Ceiling Diffusers © @CGO

o

C _Q

e Return Air > &po&nm o%eo?og Ceiling Return

o Toilet > :gz:)o%° Exhaust

e Projection Room - Exhaust 03303%

Theater / Auditorium

Stage Lighting QP:o 32QQP:gd ogorgeznoe@)é—

e  Fresh Air
e Return Air

e Stage Exhaust
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Shopping Mall

Shopping Mall eﬂogogé

e Shop qp:

e Food Court
e Cinema

e Supermarket
e Toilet

e Corridors

C Q C . . Q
DAPIGHEPYP:32COM Ventilation System eq%&oo']n

pLedI—

Area Fresh Air  Exhaust

Mall Corridor v Return Air

Retail Shop v Return Air

Food Court v v

Kitchen v V (Grease Exhaust)
Toilet X v

Q C Q
Electrical Room €Q3200Q)

Garbage Room X N4



Pressure \Relationshipl [ Commented [HH1]:

COIQPIOGOIED :?aeam(rgszécﬂ'):ogé Pressure Control oaé @eq&@gwén
Outdoor
{ Fresh Air

Mall (Positive)

Shop

Toilet (Negative)

Exhaust Fan



RESTAURANT AND KITCHEN VENTILATION

e

Rooftop unit Make-up air unit ® _ Upblast fan

Ceiling ~ Firéwall

——MM/)
N

7,000 CFM

Open dining room Kitchen

CCPIA.ORG
CFM = Cubic Feet per Minute

. = Air flow in .= Air flow out

Appliance

Dining Area
400 m?
Occupants
120
ASHRAE
Rp=3.8
Ra=0.9
People Air
3.8x 120 = 456

Area Air

0.9 X400 = 360

Total



Convert

= 1,730 CFM

AHU Fresh Air Damper
Outdoor Air Intake Design
Engineering Design 086
03054208592

e Fresh Air CFM

e Intake Louver Size

e Louver Velocity

o  Filter Pressure Drop

e Mixing Ratio

e  Fan Static Pressure

Energy Saving

Fresh Air Cietlclevlclew

Cooling Load

C C
CY)O’)(\)’):)D@II

Q C
et

Energy Recovery Ventilator (ERV)

Heat Recovery Wheel

Demand Control Ventilation (CO, Sensor)

Q0 o @ @ C
Uec()? 3’30?:. l oa@u

456 + 360 = 816 L/s



Hotel Example
Guest Room
35 m?
Occupants

2 Persons
ASHRAE
Rp=5
Ra=0.3

Fresh Air

People

Area

Total

=43 CFM

Fresh Air Calculation Workflow
Building Type
|
v
ASHRAE Table
(Rp, Ra)
|
v

Occupants

5x2=10

0.3 x35=10.5

20.5L/s



v
Floor Area
|
v
Outdoor Airflow
|
v
CFM Conversion
|
v
AHU Selection
|
v

Fresh Air Duct Design

Engineering Designh 03¢ 2005000502053]056620033]054P:
g g gn 93 B3P]Pq ] »9qp:

. . 2] C . o C C C C C
Fresh Air Calculation [9,,6](‘0 630000 Design QP20 SOOI OR00] (OO

1. Cooling Load (Fresh Air Sensible & Latent Load)
2. Psychrometric Analysis

3. Mixed Air Temperature

4. AHU Coil Capacity

5. Supply Air Quantity

6. Duct Size Selection

7. Static Pressure Calculation

8. Fan Selection

9. Motor Power Calculation

10. TAB (Testing, Adjusting & Balancing)



e@ﬁesfc@ngfoslem Standards
. . C ° °
Fresh Air Design oale mqlooa?usfao?f,@[em Standards QP&

o ASHRAE Standard 62.1 — Ventilation for Acceptable Indoor Air Quality
e ASHRAE Handbook — Fundamentals
o ASHRAE Handbook — HVAC Applications
e ASHRAE Standard 55 — Thermal Comfort
e SMACNA HVAC Duct Design
e CIBSE Guide B
¢ International Mechanical Code (IMC)
HIGH-RISE BUILDING VENTILATION DESIGN GUIDELINE
1. Design Codes & Standards

. . oy C C C . [¢] o C
High-rise Building 0030C 630050] International Codes Qp:o? :rae@aooocspa@n

ASHRAE
e ASHRAE Standard 62.1
o Ventilation for Acceptable Indoor Air Quality
e ASHRAE Standard 62.2
o Residential Buildings
e ASHRAE Standard 55

o Thermal Comfort

International Mechanical Code (IMC)
Mechanical Ventilation Design

Duct Design

Smoke Control

Parking Exhaust

IBC



International Building Code
Occupancy

Exit

Smoke Control

Fire Escape

SMACNA

Duct Design

Pressure Loss

Velocity

Duct Construction

BS EN

BS EN 12101

Smoke Control System
BS EN 13779
Ventilation

2. Building Ventilation Classification

I - C C o < oc¢
High-rise Building 0030C Area QPR G:s*zom(ﬂ:s*ac:?cz

ovs

0pdi
Residential Area

Commercial Area

Lobby

Corridor

Lift Lobby

Restaurant

Kitchen

Car Parking

Common Toilet

Electrical Room



Mechanical Plant Room
Generator Room

Pump Room

Fire Command Center
Staircase

Refuge Floor

Garbage Room

3. Residential Apartment Ventilation
Natural Ventilation
Window Area 2 10% Floor Area
Openable Window 2> 5%
Cross Ventilation
Mechanical Exhaust
Kitchen
Bathroom
Laundry
Fresh Air Requirement
ASHRAE 62.1
Outdoor Air =
Rp x Population
.
Ra x Floor Area
Typical Values
Living Room
7.5 CFM/person
Bedroom

5 CFM/person



4. Commercial Area Ventilation
Office

Fresh Air

5-10 L/s/person

Meeting Room

10-15 L/s/person

Retail

7-10 L/s/person

Air Changes
Office

4-8 ACH
Lobby

6 ACH
Conference

8-12 ACH

5. Common Toilet Ventilation
Mechanical Exhaust Required
ACH

10-15 ACH

Negative Pressure

-5Pa

Exhaust Fan

Continuous

Calculation

Room Volume



Length x Width x Height
Airflow

CFM=Volume x ACH / 60
Example

Toilet

5x4x3

Volume

60 m?

ACH

12

Airflow

720 m¥hr

6. Car Parking Ventilation
Carbon Monoxide Removal
Jet Fan System

Duct System

ASHRAE
6 ACH

Normal
10 ACH

Emergency

CO Sensor
25 ppm
Start Fan
50 ppm

High Speed



7. Restaurant Ventilation
Dining

Outdoor Air

8-10 L/s/person

ACH

8-12

Positive Pressure

Kitchen

Mechanical Exhaust
Make-up Air
Grease Duct

Fire Damper

Kitchen Hood Exhaust
Capture Velocity

0.5-0.75 m/s

8. Kitchen Exhaust System
Grease Filter

Exhaust Fan

Fresh Air

Fire Suppression

Grease Duct

Access Door

Cleaning

Exhaust

1500-2500 CFM



. C
Cooking Type GoTﬁfooeﬁ

Pressurization System
Positive Pressure

50 Pa

Door Opening

15-25 Pa

Fan

Dedicated

Smoke Free

Calculation
Air Leakage
Door Opening Force

Pressure Differential

10. Lift Lobby Pressurization
Smoke Free Lobby

Positive Pressure

40-50 Pa

Automatic Control

Fire Alarm Integration

11. Mechanical Plant Room
Fresh Air

6 ACH

Exhaust

10 ACH

Generator Room



Radiator Air
Combustion Air

Fuel Vapor Exhaust

12. Electrical Room
Transformer Room
Battery Room

UPS Room

Switchgear Room

Battery Room
Hydrogen Exhaust

6 ACH

13. Smoke Management System
Smoke Exhaust Fan

Smoke Damper

Fire Damper

Stair Pressurization

Lift Shaft Pressurization
Atrium Smoke Exhaust

14. Air Change Rate Reference
Area ACH
Apartment 4-6

Office 6

Toilet 12

Kitchen 30-60



Area ACH
Restaurant 10
Parking 6
Plant Room 10
Electrical Room 6
Lobby 8

Staircase Pressurized

15. Duct Velocity
Main Duct

6-10 m/s

Branch

4-6m/s

Diffuser

2-3m/s

Kitchen Exhaust
10-15m/s
Parking

8-12 m/s

16. Pressure Loss Calculation

Total Static Pressure

Duct Loss
.

Elbow Loss
.

Damper Loss



.
Filter Loss
.

Coil Loss
o

Diffuser Loss

17. Fan Power Calculation

Power

QxSP

(102 x Efficiency)

Q

Airflow
SP

Static Pressure

18. Fresh Air Calculation
ASHRAE Formula

Outdoor Air

People Component

Area Component

19. Smoke Exhaust Calculation

Smoke Layer Height



Heat Release Rate

Smoke Production

Fan Capacity

Atrium Volume

20. CFD Simulation

High-rise Building eﬂ’)sogé ooe‘ieaog Design cﬂ’)é Computational Fluid Dynamics (CFD) @é

C "] o O C Q Y
32000010 0)0)6@86(\)6]03&"
Lo L ol

Airflow Distribution
Temperature Distribution
Smoke Movement

Stair Pressurization

Car Park CO Distribution

Kitchen Exhaust Performance

:?aongeineo:o Software Qp:e0 ANSYS Fluent, PyroSim, FDS (Fire Dynamics Simulator), CONTAM, ‘J§<§

o C C
OpenFOAM o?“[;g@w@u

aoagmrrS@l?gtéem Engineering Handbook

i @co Q c“@c c,.Q ¢ 5805 ( C - C)@ 2E0)000S
g 326 COCDGP(T? 07)3?0([)0) c 399:"?&\[)(7) 326205000 0)&{]00?'{0 ?OO SOO Qi l‘)?c?CO OD@II

eoeo:«aos@é—
1. High-rise Building MEP Design Criteria
2. ASHRAE 62.1 Ventilation Design (32600:805)
3. Duct Sizing (Equal Friction, Static Regain, Velocity Reduction)
4. Fan Selection & Fan Curve Analysis
5. Car Park Ventilation & Jet Fan Design
6. Staircase Pressurization Design
7. Smoke Control System Design



8. Kitchen Hood & Grease Duct Design
9. Toilet Exhaust Design
10. Mechanical Plant Room Ventilation
11. HVAC Equipment Selection
12. Worked Design Examples (Excel/Hand Calculations)
13. AutoCAD HVAC Drawings
14. Revit MEP Models
15. CFD Simulation Examples
Industrial Ventilation System Guideline .J§§ Scope of Works (SOW)

e:m(rgd]ﬂézco&g]ogoaé Factory, Warehouse, Workshop, Chemical Plant, Food Factory ®:>oé
C C _C C o . . . C C ’] C
OMOCV0CHQPIORC 33:1?:[919:130 Industrial Ventilation System czlenles) [_Zgo)o 200

Industrial Ventilation System ac?mmcﬁ?

o

Industrial Ventilation System :13&5 oo’Sé’]zaog&J

L

* 329 (Heat)

c C
039 > (Dust)

. 88%8 (Smoke)

e Fume

Gas

e Chemical Vapor

33 wuSen:(®s Fresh Ai (S C c ¢Mc ¢ .. c
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Industrial Ventilation System F24)|332003

1. General Ventilation (Dilution Ventilation)

C

dilute 0660500051
[ ° E

L

o
Q:6QOM

C

C C
§¢ 202

L

2]
B o

Fresh Air ooé

Taze hava

Exhaust Fan

M) s@ w
EED
L (/7
.(\ﬁ'h TR
R vas=

Air Handling
unit

T

0

Warehouse

Production Hall

Assembly Line

Packaging Area

2. Local Exhaust Ventilation (LEV)
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$1 881 Welding F < C .
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2. Duct

3. Air Cleaner/ Filter
4. Fan

5. Stack (Exhaust Outlet)



Flange

Component

Fresh Air Intake

Air Filter

Supply Fan

Exhaust Fan

Function

C C C
CD@CGC\)OCGO)OD@

cc . C
(fs?‘DG)GOoOD&?

.. O
Fresh Air Q2opo

P26

C

C C
GSGC\)CQODOD

&

Wire Gauze




Component Function

§ C (§
Duct GCODUEIOICAOO
S C (§
Hood ource © @OV
. (o] (‘o C
Damper Airflow 00$33]|00p0
C C
Diffuser GN@‘?OGO:DEB
o C
Silencer 322060V

Design Guideline
Step 1 - Site Survey
e Building Layout
e Ceiling Height
e Production Process
e Heat Load
e Dust Source
e Chemical Source

e Existing HVAC

Step 2 — Airflow Calculation
¢ c C o
0RM]|00§ PR3] GP:

¢ Room Volume

e  Air Changes per Hour (ACH)

e Heat Load
e Static Pressure

e Air Velocity



e Fan Capacity (CFM / CMH)

Step 3 — Equipment Selection
6Q:9]05$
SEIC%
e Exhaust Fan

e Axial Fan

e Centrifugal Fan

o Filter
e Damper
o Diffuser

e Duct Material

e  Air Handling Unit (QC§396(\3J6)

Step 4 — Duct Design
. C
Design 32]|Mqp:
e Pressure Loss
e Velocity
e Duct Size
e Support
e Access Door

e Fire Damper

Step 5 — Installation
C t'.‘ﬂ o
QOOCHEq:
e Duct Installation

e Fan Installation

e Damper Installation



e Filter Installation
e  Electrical Wiring
e Control Panel Installation

e Vibration Isolator Installation

Step 6 — Testing & Commissioning
C C
00630:q)$

e Airflow Test
¢ Noise Test
e Vibration Test
e Motor Current
e Fan Rotation
e Static Pressure
e Air Balance
Scope of Works (SOW)
Typical Scope of Works:
A. Engineering
e Site Survey
e Airflow Calculation
e Heat Load Calculation
e Design Drawing
e Shop Drawing

e  As-built Drawing

B. Material Supply
e Gl Duct
e Spiral Duct

e Flexible Duct



Exhaust Fan
Supply Fan
Filter
Damper
Diffuser
Louvers
Supports

Control Panel

C. Installation

Duct Fabrication
Duct Installation
Fan Installation
Electrical Cable
Control Wiring
Earthing
Painting

Insulation

D. Testing & Commissioning

Air Balancing

Fan Performance Test
Leak Test

Functional Test

Client Demonstration

E. Documentation

O&M Manual

As-built Drawing



Warranty
Test Report

Training

32A3QPIE0 Design Standard

ASHRAE

SMACNA

ACGIH Industrial Ventilation Manual
NFPA (Fire Protection)

OSHA (Worker Safety)




  𝚫 𝑷 ≈ 𝟑 𝟒 𝟔 𝟓 × 𝑯 ×  (    𝟏    𝑻  𝒐 −    𝟏    𝑻  𝒊 )


  𝑽 = 𝑳 𝒆 𝒏 𝒈 𝒕 𝒉 × 𝑾 𝒊 𝒅 𝒕 𝒉 × 𝑯 𝒆 𝒊 𝒈 𝒉 𝒕


  𝑸 = 𝑽 × 𝑨 𝑪 𝑯


  𝑽 = 𝑳 × 𝑾 × 𝑯


  𝟔 𝟎 × 𝟐 𝟓 × 𝟖 = 𝟏 𝟐 , 𝟎 𝟎 𝟎      𝒎  𝟑


  𝑸 = 𝑽 × 𝑨 𝑪 𝑯


  ≈ 𝟓 , 𝟎 𝟎 𝟎 − 𝟏 𝟎 ,   𝟎 𝟎 𝟎 ∘ 𝑪


    𝑶  𝟐 + 𝑼 𝑽 → 𝑶 + 𝑶


  𝑶 +   𝑶  𝟐 →   𝑶  𝟑


  𝐂 𝐎


  𝑪 𝒂 𝒓 𝒃 𝒐 𝒏 + 𝑶 𝒙 𝒚 𝒈 𝒆 𝒏


  𝑪   𝑶  𝟐


  𝑪 𝒂 𝒓 𝒃 𝒐 𝒏 + 𝑶 𝒙 𝒚 𝒈 𝒆 𝒏


  𝑪 𝑶


  𝑵   𝑯  𝟑


    𝑵  𝟐 + 𝟑   𝑯  𝟐 → 𝟐 𝑵   𝑯  𝟑


  𝑵   𝑯  𝟑 +   𝑯  𝟐 𝑶 → 𝑵   𝑯  𝟒 𝑶 𝑯


  𝑵   𝑯  𝟒 𝑵   𝑶  𝟑


  𝑵   𝑯  𝟒 𝑵   𝑶  𝟑 →   𝑵  𝟐 𝑶 + 𝟐   𝑯  𝟐 𝑶


  𝟏 𝟎 𝟎 𝟎 × 𝟏 𝟎 𝟎 𝟎 / 𝟓 𝟎


  𝟏 𝟎 𝟎 𝟎 / 𝟐


  𝟓 𝟎 × 𝟐 𝟎 × 𝟏 𝟎


  𝑸 = 𝑽 𝒐 𝒍 𝒖 𝒎 𝒆 × 𝑨 𝑪 𝑯


  𝑸 = 𝟏 𝟎 𝟎 𝟎 𝟎 × 𝟖


  𝟖 𝟎 𝟎 𝟎 𝟎 × 𝟎 . 𝟓 𝟖 𝟗


  𝟖 𝟎 𝟎 𝟎 𝟎 / 𝟏 𝟎 𝟎 𝟎 𝟎


  𝑨 𝒓 𝒆 𝒂 =   𝑸  𝟑 𝟔 𝟎 𝟎 × 𝑽 𝒆 𝒍 𝒐 𝒄 𝒊 𝒕 𝒚


  𝑸 = 𝟐 𝟐 . 𝟐   𝒎  𝟑 / 𝒔


  𝑨 = 𝟐 𝟐 . 𝟐 / 𝟖


  A C H =   C F M × 60  R o o m   V o l u m e


  C a r b o n + O x y g e n → C O


  12 × 8 × 4 = 384      m 3


  Q = V o l u m e × A C H


  3840 × 0 . 589 = 2262 C F M


  3 . 0 × 1 . 2 = 3 . 6    m 2


  Q = A × V


    V  b z =   R  p ×   P  z +   R  a ×   A  z


  20 × 15 = 300    m 2


    R  p ×   P  z


    R  a ×   A  z


  75 + 90 = 165  L/s


  1  L/s = 2 . 119  CFM


  3 . 8 × 120 = 456


  0 . 9 × 400 = 360


  456 + 360 = 816  L/s


  5 × 2 = 10


  0 . 3 × 35 = 10 . 5


  20 . 5  L/s

