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# # 5170291221 : MAJOR MECHANICAL ENGINEERING
KEYWORDS: DOAS / MAKE-UP AIR UNIT / VENTILATION / ENERGY SIMULATION

CHAOWANAPHAN LEKKHAM: OPTIMUM DESIGN OF A DEDICATED MAKE-
UP AIR UNIT FOR BANGKOK. ADVISOR: ASST.PROF. TUL MANEWATTANA,
Ph.D., 140 pp.

A dedicated make-up air unit (DOAS) is a device that supplies outdoor air from
outside into large building to meet the requirements of ventilation standards. It is also
used to pressurize the building and remove building latent load. So far, there are many
buildings in Bangkok that using them and many more will be using them in the near
future. Preliminary study has shown that the design and selection for the appropriate
DOAS for Bangkok is not quite straightforward. This is because these DOAS have
many possible internal configurations and their energy consumption is large.

The objective of this research is to design the DOAS that suitable for use in four
typical types of building in Bangkok, i.e., office buildings, department stores, hotels, and
hospitals. The design will be done by constructing 9 DOAS models for each building
type and run them through the energy simulation program (EnergyPlus) to obtain the
yearly energy consumption for comparisons. The suitable internal configurations for
each DOAS model are considered from all the possible devices, i.e., cooling coil, heat
pipe, run around coil, sensible wheel, passive desiccant wheel or enthalpy wheel, and
active desiccant wheel.

The simulation results show that the suitable configurations of DOAS for office
buildings, department stores and hotels consist of a enthalpy wheel, a run around caoill,
and a cooling coil. The results show the reduction of around 15-30% energy
consumption from the traditional cooling coil-only DOAS. For the hospital building, the
passive desiccant wheel and the sensible wheel could not be used due to the possible
contamination of the exhaust air. Therefore, the only possible configuration for this case
is the combination of a cooling coil and a run around coil. The reduction in energy

consumption is only around 10%

Department : _Mechanical Engineering Student’s Signature

Field of Study : _Mechanical Engineering  Advisor’s Signature
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26.4 C WB
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. 87.58 kJ/kg
30.2 C DB
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Dehumidification design condition
(30.2°C DB 26.7°C DP)

Cooling design conditioh
(35.7°C DB 26.4°C WB)

O Space target
(25°C DB 50% RH)

Humidity ratio grams/kilogram dry air

Dry Bulb temperature (OC)
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V,, :Rp-F’Z+Ra-AZ
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Sryanwok fading
CcC Cooling coil
HxColl Cooling coil with heat exchanger
EW Enthalpy wheel
SwW Sensible heat exchanger
PDHC Passive dehumidification component
ADesW Active desiccant wheel

MW 4.5 FusNwoNUEI UzsasaInd bW klasiuas

Sanwol faduns
OA Outdoor air
SA Supply air from make—up air unit
AHU Supply air for AHU
MA Mixed air
RA Return air
EA Exhaust air
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Outdoor Air Supply Air

Humidity ratio grams/kilogram dry air

Dry Bulb temperature (OC)

e Make-up Air unit process « « » Zone AHU process

1,0A | 2,SA | MA | AHU | RA
DBT,’C | 35.7 10 15.4 16 25
W,o/kg | 18.5 7.6 9.6 9.9 9.9
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3uluuun 2 (HxCoil)
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Humidity ratio grams/kilogram dry air

Dry Bulb temperature (OC)

e Make-up Air unit process « « « Zone AHU process

1,0A 2 3 4SA | MA | AHU | RA
DBT.,°C| 35.7 | 29.7 10 16 16.4 | 16.5 25
W,g/kg| 18.5 | 18.5 7.6 7.6 9.6 9.9 9.9
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gﬂtmu'ﬁ 3 (EW+CC)
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Exhaust Air | s : Return Air
I = 7 ]
g ' Supply Al
Outdoor Alr 1} 12[c/A 3 upply Air
| ; E
Enthalpy Wheel
)

Humidity ratio grams/kilogram dry air

Dry Bulb temperature (OC)

Make-up Air unit process = = « Zone AHU process

1,0A 2 3.SA| MA |AHU | RA EA
DBT.,"C| 35.7 | 27.8 10 154 | 16.5 25 33
W,g/kg| 18.5 | 13.1 7.6 9.8 9.9 9.9 15.7
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3uuuun 4 (EW+HxCoil)
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Exhaust Air
7 Return Air
< ::: W '
\ v ® Run Around Coil
...L ]_. ly Ai
Outdoor Air | c Supply Aie
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1 ’":{’ 7 2 fEr 3 c 4 . g
Enthalpy Wheel

Humidity ratio grams/kilogram dry air

Dry Bulb temperature (OC)

e Make-up Air unit process « @« @« Zone AHU process

1,0A 2 3 4 55A | MA JAHU | RA EA
DBT,*C| 35.7 | 27.8 | 23.6 10 142 | 154 | 15.6 25 33
W,g/kg| 18.5 | 13.1 13.1 7.6 7.6 9.8 10 10 15.7
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suuuun 5 (EW+CC+SW)
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. Supply Ai
Outdoor Air 1 Z 2 PRIV,
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Enthalpy Wheel Sensible Wheel
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Humidity ratio grams/kilogram dry air

Dry Bulb temperature (OC)

e Make-up Air unit process « « « Zone AHU process

1,0A 2 3 4,5A | MA | AHU | RA EA
DBT,*C| 35.7 | 23.6 10 15.7 | 15.2 15 25 3l.6
W,g/kg| 185 | 13.3 7.6 7.6 9.8 10 10 15.9
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gﬂtmuﬁ 6 (CC+PDHC)
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Passive debumidification
component

Humidity ratio grams/kilogram dry air

Dry Bulb temperature (OC)

Make-up Air unit process « @ « Zone AHU process
1.0A 2 3 45A | MA | AHU | RA
DBT,°C| 357 | 319 | 11.5 | 155 | 16.2 | 164 25
W,g/kg| 18.5 19.6 8.4 7.6 9.5 9.9 9.9
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1,0A 2 3 4 555A | MA |AHU| RA | EA
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Enthalpy Wheel

Humidity ratio grams/kilogram dry air

Dry Bulb temperature (OC)

e Make-up Air unit process « « « Zone AHU process

1,0A 2 3 45A | MA | AHU | RA 5 EA
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W,g/kg| 18.5 | 13.6 3.7 7.6 9.8 10 10 12 16.3
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Humidity ratio grams/kilogram dry air

Dry Bulb temperature (OC)

e Make-up Air unit process « « @« Zone AHU process

1,0A 2 35A | MA |AHU | RA
DBT,°C| 35.7 | 17.5 | 32.6 | 243 | 14.5 25
W,g/kg| 185 | 124 | 7.6 8.6 0.9 0.9
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Weekday === Weekend
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melulaupaIrIgsInawe

0.023

0.018

0.013

0.008

0.003

—&—Zone air humidity ratio —fli=DOAS outlet humidity ratio

1

2 3456 7 8 910111213141516 17 18 1920 21 22 23 24
Time [Hr]

MW A.14 dandnanuTunaananeIaaduaimMagluuun 5 (EW+CC+SW) uag

mMelulaouaIrIgsInanem



Humidity ratio

0.023

0.018

0.013

0.008

0.003
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=¢—2Zone air humidity ratio =li=DOAS outlet humidity ratio

1

2 3456 7 8 91011121314151617 18 192021222324
Time [Hr]

{ Q 1 ﬁ/ { 4 a {
NN A.15 amwmumﬂmuﬁaaﬂmmﬂ?mLmummﬂgmmuﬁ 6 (CC+PDHC) uay

Humidity ratio

Mol oy IRIRTTWAWAN

0.023
0.021
0.019
0.017
0.015
0.013
0.011
0.009
0.007
0.005
0.003

—&—Zone air humidity ratio —li=DOAS outlet humidity ratio

1

2 34567 8 910111213141516 17 18 1920 21 22 23 24
Time [Hr]

MW 7.16 8ATEIUANNTUNBENINLATEIANBINAFUMDLAN 7 (EW+PDHC+CC) Uaz

melulaouasrIgsInane



Humidity ratio

0.023
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0.015
0.013
0.011
0.009
0.007
0.005
0.003
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=¢—2Zone air humidity ratio =li=DOAS outlet humidity ratio

1

2 3456 7 8 91011121314151617 18 192021222324
Time [Hr]

WA A.17 8ansIuANNTBNeanaINLAIIaNaIMATULILN 8 (EW+CC+PDHC) uag

Humidity ratio

Ml launaIRIRTTWAWAN

0.023
0.021
0.019
0.017
0.015
0.013
0.011
0.009
0.007
0.005
0.003

=@—Zone air humidity ratio =fll=DOAS outlet humidity ratio

1

2 34567 8 91011121314151617 18 192021222324
Time [Hr]

MW A.18 daNEIuANuTRAsanINLATaINANINAIULLLN 9 (CC+AdesW) Uaz

melulaouaarIgsInane
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Humidity ratio

0.006

0.005

0.004
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—&—Zone air humidity ratio =fli=DOAS outlet humidity ratio

12 3 456 7 8 91011121314151617 18192021222324
Time [Hr]

{ Q 1 ﬁ/ 4 4 a {
NINN A.19 a@mmumwmuﬁaanmnm?ammmmﬁgﬂLLmJﬁ 1 (cC) uazmelulou

P9 139UIN

0.012

0.011

0.01

0.009

0.008

0.007

Humidity ratio

0.006

0.005

0.004

=9—Zone air humidity ratio =jll=DOAS outlet humidity ratio

123 456 7 8 91011121314151617 18 19202122 23 24
Time [Hr]

NN 7.20 daTEIUANNTUNIaaNINIATBIAENIMATILLLTA 2 (HxCoil) uazmelu

TruuadlTausu
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0.012 - =4—Zone air humidity ratio —ll=DOAS outlet humidity ratio
0.011 -
0.01 -
]
S 0.009 -
o
2 0008 -
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E 0007 -
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123 456 7 8 91011121314 1516 17 18 19 20 21 22 23 24
Time [Hr]
WA A.21 dand@nanuTuiiaanininiaddnainialiuun 3 (EW+CC) uaznislu
lnuvaglsansy
0.012 = =¢—Zone air humidity ratio =fli=DOAS outlet humidity ratio
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0
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t .
2 0.008 -
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Time [Hr]

MW A.22 80EIUANNTHNBaNNNLATBILANEMATULLILN 4 (EW+HXCoil) WAz

melulauvaslsansy



Humidity ratio

0.012

0.011

0.01
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0.007

0.006

0.005

0.004
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=¢=—_Zone air humidity ratio =fli=DOAS outlet humidity ratio

1

2 3456 7 8 91011121314 151617 18 192021222324
Time [Hr]

{ Q 1 J § 4 a {
NN @.23 a@mmumm"ﬁuﬁaaﬂmmﬂ?aamummﬂgﬂuuuﬁ 5 (EW+CC+SW) uaz

Humidity ratio

meluwlaunaalsnya

0.013
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0.011

0.01
0.009
0.008
0.007
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0.005

0.004

=&—Zone air humidity ratio =fli=DOAS outlet humidity ratio
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2 34567 8 91011121314151617 18 1920212223 24
Time [Hr]

WA A.24 BATEIUAMNTUNBININNLATAILANBINATUMLLN 6 (CC+PDHC)  uaz

melulauvaslsansy



Humidity ratio

0.012
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0.005
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=@—2Zone air humidity ratio =ll=DOAS outlet humidity ratio

1

2 3456 7 8 910111213141516 17 1819 202122 23 24
Time [Hr]

{ Q 1 g/ { 4 ~— {
NN A.25 amﬂmumwmﬁaaﬂﬁnﬂm%adL@ummﬁgﬂuuuﬁ 7 (EW+PDHC+CC) uaz

Humidity ratio

melulawlsiusy

0.012

0.011

0.01

0.009

0.008

0.007

0.006

0.005

0.004

=¢—Zone air humidity ratio =fll=DOAS outlet humidity ratio

1

2 3 4567 8 910111213141516 17 18 1920 21 22 23 24
Time [Hr]

MW 7.26 8ATIEIUANNTUNBENIINLATEIANBINAFULDLN 8 (EW+CC+PDHC) Uaz

melulanlsiusy



Humidity ratio

0.011
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0.009
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0.007
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0.005
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=@—2Zone air humidity ratio =flli=DOAS outlet humidity ratio

1

2 3456 7 8 91011121314151617 18 1920212223 24
Time [Hr]

WA A.27 8aNFIUANNTUNDANNNLATOIANINAIUULLN 9 (CC+AdesW) Uaz

Humidity ratio

melulauvaslsonsy

0.023
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0.005
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=¢—Zone air humidity ratio =li=DOAS outlet humidity ratio
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2 3456 7 8 91011121314151617 1819 2021222324
Time [Hr]

NN A.28 dandimanuduneanininladinaimaziuuun 1 (CC) wazmululou

P9l TINLILN



Humidity ratio
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=¢=—_Zone air humidity ratio =fli=DOAS outlet humidity ratio

1

2 3456 7 8 91011121314 151617 18 192021222324
Time [Hr]

{ [ 1 ﬁ/ i ! a { .
NINN A.29 amﬁmumm"ﬁuﬁaaﬂmﬂm?aamummﬂgmmuﬁ 2 (HxCoil) waznalu

Humidity ratio

TrupaslsIweuna

0.023

=4—Zone air humidity ratio =li=DOAS outlet humidity
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Time [Hr]

MW A.30 8aNEIUAMNTUNBININNLATAILANBINATUMLLN 6 (CC+PDHC) uaz

melulauaaslsineuia



Humidity ratio

0.023
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0.019
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0.011
0.009
0.007
0.005
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=¢=—_Zone air humidity ratio =fli=DOAS outlet humidity ratio

1

2 3456 7 8 91011121314 151617 18 192021222324
Time [Hr]

{ Q 1 A’ { 4 a {
AINN @.31 amﬁmumnmuﬁaanmnm%aamummﬂgﬂuuuﬁ 9 (CC+AdesW) Uuaz

meluloupaslssneung
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9.1 ﬁaazi'mn'ﬁﬁ'lmmcéi'ﬂ%ahﬂmaaﬂmqmﬂﬁmu

@T’sashamiﬁ']mm@hlﬁﬁim@aa@mgjmﬂ%@m A1989NULUINRDIVAIDIANT
o @ A a A a A a v A
fununizluuuieIasdvenmazduuui 1 (CC) TuAzIBUaALIAIAIATITINN 9.1

' DX o v A o A a A & A o A a

Anlfirparansdinnuildielaadvemeagduuun 1 (CC) GelinisldinTaady
ANNAIIWIN 4 1AIDY UIzNaua1utaIadaNeINIg 1 1ATaI318NANNERANEIRITU
81913 5 T4 wazdiaIeathaNtdn 2 aua teud Le3e e SufmnsuanTun 1 (AHU

° A A ! & o O ™ | A o °

01) 13U 1 1AT89 LatATBINANLIURIRTUANTUN 2 — 20 (AHU 02) Teuurasin
AMULIBINRLALING 31UI% 19 1A 1asri1Rwa bt

- 1@TadlAveNMAnNsuan (DOAS) I51AdunulAIadIns 115,000 LN MATAT
ainausaiinIaday 1,688,000 unsadl LLazﬁ@hﬂ’lgﬁﬂM@iaflm%amz 40,000 1N
dall

A H =1 5 o K XA = o A
- 10329 ANLERENILANTUN 1 (AHU 01) dTandunuiaiadaz 52,000 Um
1 o a 1 dll 1 A o o 1 d'l
TaadiniudaiinIadas 308,000 U naad LLa:ummgaiﬂmmaﬂLmaaa: 20,000
Y mndail
A H & o v R o A ~ o A
- 10380 AUERERILANTUN 2 — 20 (AHU 02) I510nduNnATaIas 39,000
S d A 7 A o o . A

U Mendrdfiniudailiatasas 231,000 vnded uaziidiiizeinmdeiiniedas
20,000 U naail

- @amﬁmﬁuﬁ 7% mﬁmawﬁwms@i%ﬁumu Imm:mnmmi@i%ﬁumu 15 i

NNTOINABATABIINITDAIWITANTURINY (Po) 1danuas NUDIFNA U Y

Lﬂ%ia\‘iLaNa']ﬂ'Wl.ﬂ']EluaﬂLLazLﬂ%ia\‘]Lfl.i']ﬁﬁJLﬁuTJN“qﬂLﬂ%iaﬂ
P, = (DOASx4)+(AHU 01)+(AHU 02x19)
= (115,000x4)+(52,000)+(39,000x19)
= 1,253,000

dnflouyimedavinnu A) duwsldnnearudidiivnuuazaiingssnm

maam%aaLawmmmm:m%adLmamﬁmwnmﬂ%ao
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Operating Cost + Maintenance Cost

[ (DOAS x4)+( AHU 01)+( AHU 02x19) |+ (DOAS x 4) +( AHU 01)+( AHU 02x19) |
[ (1,688,000 4)+(308,000) +(231,000x19) | +[ (40,000 4) +(20,000) +(20,000x19) |

12,009,000

NF P 1az A N6 810100 LN IN T LRI UEA LA AINTNA 9.1 ...

i=7% 1
0 1 2 4 14 15

NEY N

12,009,000 Lnsiad

Py = 1,253,000 1

AN 4. 1 LLNuNydﬂizLLﬁLE%ﬁ@]LL‘U‘IJ"DO’]E]8\‘1"1]8&E]’]ﬂ’]?ﬁ?ﬁﬂd’]%ﬁﬁgﬂuﬂﬂLﬂ%BGLaﬂJa’]ﬂ’Iﬂ

gﬂuuuﬁl 1 (CC)

oA T oA \ P I VR

ALNeULYiNLa91% (Present value) Basdiisulyinediidudwisnauns
71 3.54 aenuenNuIi9UgNT (Net — Present Value) w38 NPV 283unuinaaival

o L= nlld di a ni o v
a1nd@nunfiuunialasdueimeagtuuuf 1 (CC) munIadwinldinuaa

sz‘mhdL%’uamuua:@hLﬁmJLmﬂﬁ]ﬁ;ﬂ'maamﬁ’]Lﬁudmua:@hﬁﬂ;d%’ﬂm

i(1+1) (3.54)

>

unuenleeai
NPV = P +P

0

i(1+i)"

15
= 1,253,000+ (12, 009,000){ (1+007) -1 }

0.07(1+0.07)"
= 110,629,939

GRS @hLﬁﬂULﬁﬁﬂﬁ]ﬁ;ﬂ'uqﬂ%maaLLum‘imaammiﬁwﬁfﬂmuﬁﬁgmwum%aalﬁw

mmﬂgﬂuuuﬁl 1 (CC) UFL¥innu 110,630,000 LN
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Nuazdsaa I8 v0981A1IF NN LTLATaILANEINIANT 9 pI[SIITGERLH

T@13199 9.1 - 913790 9.9 ﬁhumiﬁ’lmm@iﬂ%ﬁiwmammqmﬂf&mmaomms

ﬁwﬁfﬂmuﬁﬁmﬁm‘%aaLﬁummmwia:gﬂl,l,uul,l,amagj‘lum‘iwﬁ 3.10 las@aaaaantis

7% szaziamaaiiwinw 15 4

a7 4.1 dnlddsanasdsinaunlfiadeadnaimegduuuf 1 (CC)

é’uvgmﬂéaa Manuwneall | a1yeInsca
318119 JIUIN (LN) () T(wn)
e 73 N PREV N PRHV
LA3aafiNeIMANERen
- DOAS 4 115,000 460,000 | 1,688,000 | 6,752,000 | 40,000 | 160,000
R BIRETIEIN
- AHU 01 1 52,000 52,000 308,000 308,000 | 20,000 | 20,000
- AHU 02 19 39,000 741,000 231,000 | 4,389,000 | 20,000 | 380,000
etV 1,253,000 11,449,000 560,000
A1397 9.2 @iﬂifﬁhzlmmiﬁwﬁmmﬁlﬁméaaLﬁummﬂgmwuﬁ' 2 (HxCoil)
ﬁmguméaa Amebwueaall | a1dseinece
318119 IUIN (Un) (un) T(wn)
N PREV N PREV N PRTV
IA3aaLfina MANaRan
- DOAS 4 109,000 | 436,000 | 1,497,000 | 5,988,000 | 60,000 | 240,000
- Run around coil 4 40,000 | 160,000 22,500 90,000
inasithaudu
- AHU 01 1 55,000 55,000 349,000 349,000 | 20,000 | 20,000
- AHU 02 19 43,000 817,000 270,000 | 5,130,000 | 20,000 | 380,000
RIPLY 1,468,000 11,557,000 640,000
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a7 4.3 dnlFdserasdsinaunliadednaimegduuuf 3 (EW+CC)

éfmgmﬂ'%ao Mauwwaall | a1i3eInsca
318119 JIUIN (un) (uUn) (wn)
N PREV N PFV N PEV
LAFaafineIMANERen
- DOAS 4 83,000 | 332,000 | 1,020,000 | 4,080,000 | 80,000 | 320,000
- Enthalpy wheel 4 240,000 | 960,000 25,500 102,000
SRR
- AHU 01 1 52,000 52,000 311,000 311,000 | 20,000 | 20,000
- AHU 02 19 39,000 741,000 234,000 | 4,446,000 | 20,000 | 380,000
RIPLY 2,085,000 8,939,000 720,000

79N 2.4 drldsarnsiinnuildiaisadneinaziuuun 4 (EW+HxCoil)

é’unmﬂém AANRIUAD1 AseInIae
18113 W% (LN) (LN) T(un)
N PRl Pl PRy N PRV
in3aainaniamenan
- DOAS 4 77,000 | 308,000 | 882,000 | 3,528,000 | 120,000 | 480,000
- Enthalpy wheel 4 240,000 | 960,000 25,500 102,000
- Run around coil 4 40,000 | 160,000 22,500 90,000
wasithaufu
- AHU 01 1 54,000 54,000 334,000 334,000 | 20,000 | 20,000
- AHU 02 19 42,000 798,000 262,000 | 4,978,000 | 20,000 | 380,000
N 2,280,000 9,032,000 880,000
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a7 4.5 dnlFdserasdsinaunldiadednamegduuuf 5 (EW+CC+SW)

ﬁunumém AAuRwIKGal | a1lyeinsiGe
18019 JIUIN (un) (V) (wn)
N PRFV N PRtV N PRV
iATaaiNeIMANERan
- DOAS 4 77,000 | 308,000 | 856,000 | 3,424,000 | 120,000 | 480,000
- Enthalpy wheel 4 240,000 | 960,000 25,500 102,000
- Run around coil 4 40,000 160,000 22,500 90,000
wn3asithaufu
- AHU 01 1 55,000 55,000 335,000 335,000 | 20,000 | 20,000
- AHU 02 19 42,000 798,000 277,000 | 5,263,000 | 20,000 | 380,000
N 2,281,000 9,234,000 880,000

a1 4.6 AnlFinsarasisinaunliaiednaimeazduuuf 6 (CC+PDHC)

éfunmﬂém AA LRI UAa1l AseInEIae
378019 2% (Un) (V) T(un)
Palon) PRTV e PtV e PRV
in3aainaniamenan
- DOAS 4 110,000 | 440,000 | 1,503,000 | 6,012,000 | 80,000 | 320,000
- PDHC 4 288,000 | 1,152,000 25,500 102,000
wasithaufu
- AHU 01 1 55,000 55,000 357,000 357,000 | 20,000 | 20,000
- AHU 02 19 42,000 798,000 271,000 | 5,149,000 | 20,000 | 380,000
N 2,245,000 11,620,000 720,000
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97 4.7 - dnlddsenasdsinaunldialednemegduuuf 7 (EW+PDHC+CC)

ﬁunumém AAuRwIKGal | a1lyeinsiGe
18019 JIUIN (L) (V) (wn)
N PRFV N PRtV N PRV
iATaaiNeIMANERan
- DOAS 4 84,000 | 336,000 | 995000 | 3,980,000 | 120,000 | 480,000
- Enthalpy wheel 4 240,000 | 960,000 25,500 102,000
- PDHC 4 288,000 | 1,152,000 25,500 102,000
wn3asithaufu
- AHU 01 1 54,000 54,000 351,000 351,000 | 20,000 | 20,000
- AHU 02 19 41,000 779,000 267,000 | 5,073,000 | 20,000 | 380,000
N 3,281,000 9,608,000 880,000

a7 4.8 Anlddsanasdsinaunldialeaduemazduuuf 8 (EW+CC+PDHC)

c?funmﬂ'%'m AANRIUAD1 AseInIae
378019 W% (un) (V) T(wn)
Paln T M PtV e PRV
in3aainaniamenan
- DOAS 4 80,000 | 320,000 | 915,000 | 3,660,000 | 120,000 | 480,000
- Enthalpy wheel 4 240,000 | 960,000 25,500 102,000
- PDHC 4 288,000 | 1,152,000 25,500 102,000
wnasithaubu
- AHU 01 1 55,000 55,000 364,000 364,000 | 20,000 | 20,000
- AHU 02 19 42,000 798,000 279,000 | 5,301,000 | 20,000 | 380,000
PIPEY 3,285,000 9,529,000 880,000
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797 4.9 dlFdsarasdsinaunldiadednemeagduuuf 9 (CC+ADesW)

ﬁunumém AAuRwIKGal | a1lyeinsiGe
18019 JIUIN (L) (V) (wn)
N PRFV N PRtV N PRV
iATaaiNeIMANERan
- DOAS 4 89,000 | 356,000 | 890,000 | 3,560,000 | 150,000 | 600,000
- ADesW 4 300,000 | 1,200,000 | 693,000 | 2,772,000
wn3aadhauLin
- AHU 01 1 56,000 56,000 486,000 486,000 | 20,000 | 20,000
- AHU 02 19 45,000 855,000 407,000 | 7,733,000 | 20,000 | 380,000
N 2,467,000 14,551,000 880,000

AN319N 9.10 ﬂslazl,ﬁﬂm'ﬁuamu A dwnauyinsadnminnm LLazﬁ’]LﬁUUL‘l’i’lﬂﬁ]ﬁlﬂu

PYIDNANITRNBNINWNAAGILATAILANDINA 9 uluyy

, HWAINW, arsnngumniel | annsunidaaun
siuvvaIAIaILAN N : . - !
P, (U11) MmN, A (L) qn3s, NPV (U1)
1) CC 1,253,000 12,009,000 110,630,000
2) HxColl 1,468,000 12,197,000 112,557,000
3) EW+CC 2,085,000 9,659,000 90,058,000
4) EW+HxCoil 2,280,000 9,912,000 92,558,000
5) EW+CC+SW 2,281,000 10,114,000 94,398,000
6) CC+PDHC 2,445,000 12,340,000 114,837,000
7) EW+PDHC+CC 3,281,000 10,488,000 98,805,000
8) EW+CC+PDHC 3,285,000 10,409,000 98,089,000
9) CC+ADesW 2,467,000 15,551,000 144,104,000
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NUaL AN TN VAIRIRIINEUAN LT LATILANAINIANT 9 ;sﬂLLumLamagﬂu

AN 9.11 - A1319N 9.19 ﬁhumi@‘i’lmm@iﬂfﬁhyma@mqmﬂﬁmumaamms

fMUNINUNAANILATAILANAINALE CEH memmaglumswﬁ 1.20 las@aaaaantis

7% 3szaziamaaiiwinw 15 4

T 411 dnlghedasmandnldinTesduamaziuuud 1 (CC)

é’uvgmﬂéaa Manuwneall | a1yeInsca
318119 JIUIN (Un) () T(wn)
e 73 N PREV N PRHV
LA3aafiNeIMANERen
- DOAS 5 131,000 655,000 | 2,542,000 | 12,710,000 | 50,000 | 250,000
R BIRETIEIN
- AHU 01 1 86,000 86,000 650,000 650,000 | 30,000 | 30,000
- AHU 02 4 65,000 260,000 622,000 | 2,488,000 | 30,000 | 120,000
RRPLY 1,001,000 15,848,000 400,000

aTaf 412 dnldhedsssmEndnldeTenduemasiuuud 2 (HxCoil)

ﬁmguméaa Amebwueaall | a1dseinece
318119 RY I (Un) (un) T(un)
N PREV N PREV N PRTV
IA3aaLfina MANaRan
- DOAS 5 132,000 | 660,000 | 2,252,000 | 11,260,000 | 70,000 | 350,000
- Run around coil 5 50,000 | 250,000 51,000 255,000
inasithaudu
- AHU 01 1 106,000 106,000 955,000 955,000 | 30,000 | 30,000
- AHU 02 4 93,000 372,000 930,000 | 3,720,000 | 30,000 | 120,000
RIPLY 1,388,000 16,190,000 500,000
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a7 413 dnldhedsasmEndnldielesduaimagtuuui 3 (EW+CC)

ﬁunumém AAuRwIKGal | a1lyeinsiGe
18019 JIUIN (L) (V) (wn)
N PRFV N PRtV N PRV
iATaaiNeIMANERan
- DOAS 5 122,000 | 610,000 | 1,870,000 | 9,350,000 | 100,000 | 500,000
- Enthalpy wheel 5 390,000 | 1,950,000 54,400 272,000
wn3aadhauLin
- AHU 01 1 86,000 52,000 650,000 650,000 | 30,000 | 30,000
- AHU 02 4 65,000 260,000 622,000 | 2,488,000 | 30,000 | 120,000
N 2,872,000 12,760,000 650,000

79 .14 dldiedasnudinliinieuduanmeazduuui 4 (EW+HxCoil)

é’unmﬂém AANRIUAD1 AseInIae
18113 W% (LN) (Un) T(un)
N PRl Pl PRy N U
in3aainaniamenan
- DOAS 5 115,000 575,000 | 1,629,000 8,145,000 | 120,000 | 600,000
- Enthalpy wheel 5 390,000 | 1,950,000 54,400 272,000
- Run around coil 5 50,000 250,000 51,000 255,000
wasithaufu
- AHU 01 1 102,000 102,000 894,000 894,000 | 30,000 | 30,000
- AHU 02 4 84,000 336,000 868,000 | 3,472,000 | 30,000 | 120,000
N 3,213,000 13,038,000 750,000
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TN 415 dnlghedasmandnldinTesduamaztuuud 5 (EW+CC+SW)

ﬁunumém AAuRwIKGal | a1lyeinsiGe
18019 JIUIN (un) (V) (wn)
N PRFV N PRtV N PRV
iATaaiNeIMANERan
- DOAS 5 115,000 | 575,000 | 1,584,000 | 7,920,000 | 120,000 | 600,000
- Enthalpy wheel 5 390,000 | 1,950,000 54,400 272,000
- Run around coil 5 50,000 250,000 51,000 255,000
wn3asithaufu
- AHU 01 1 107,000 107,000 | 1,017,000 1,017,000 | 30,000 | 30,000
- AHU 02 4 90,000 360,000 995,000 | 3,980,000 | 30,000 | 120,000
N 3,242,000 13,444,000 750,000

TN 416 dlshedsssnaudnldielaaduenmeagiuuui 6 (CC+PDHC)

éfunmﬂém AA LRI UAa1l AseInEIae
378019 2% (Un) (V) T(un)
Palon) PRTV e PtV e PRV
in3aainaniamenan
- DOAS 5 132,000 | 660,000 | 2,256,000 | 11,280,000 | 120,000 | 600,000
- PDHC 5 468,000 | 2,340,000 54,400 272,000
wasithaufu
- AHU 01 1 105,000 105,000 940,000 940,000 | 30,000 | 30,000
- AHU 02 4 99,000 396,000 905,000 | 3,620,000 | 30,000 | 120,000
N 3,501,000 16,112,000 750,000
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a9 4.17 - dnldhedsssmEudinldielesduaimeagiuuuf 7 (EW+PDHC+CC)

ﬁunumém AAuRwIKGal | a1lyeinsiGe
18019 JIUIN (L) (V) (wn)
N PRFV N PRtV N PRV
iATaaiNeIMANERan
- DOAS 5 119,000 | 595,000 | 1,744,000 | 8,720,000 | 150,000 | 750,000
- Enthalpy wheel 5 390,000 | 1,950,000 54,400 272,000
- PDHC 5 468,000 | 2,340,000 54,400 272,000
wn3asithaufu
- AHU 01 1 103,000 103,000 886,000 886,000 | 30,000 | 30,000
- AHU 02 4 98,000 392,000 856,000 | 3,424,000 | 30,000 | 120,000
N 5,380,000 13,574,000 900,000

a9 418 dlFhedsasindudnldieiaaduaimeagiuuuf 8 (EW+CC+PDHC)

c?funmﬂ'%'m AANRIUAD1 AseInIae
378019 W% (un) (V) T(wn)
Paln T M PtV e PRV
in3aainaniamenan
- DOAS 5 119,000 | 595,000 | 1,749,000 | 8,745,000 | 150,000 | 750,000
- Enthalpy wheel 5 390,000 | 1,950,000 54,400 272,000
- PDHC 5 468,000 | 2,340,000 54,400 272,000
wnasithaubu
- AHU 01 1 102,000 102,000 886,000 886,000 | 30,000 | 30,000
- AHU 02 4 98,000 392,000 859,000 | 3,436,000 | 30,000 | 120,000
PIPEY 5,379,000 13,611,000 900,000
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a9 419 dlghedsesmiudnlfielesduaimeagiuuun 9 (CC+ADesW)

519N INWIN

'Y a
m$HT%LﬂSaG

(un)

1 o =) 1 =
AR WA B

(un)

1 o Q 1 =
AN EInall

(Un)

3N RIeEY

3NN RIeRY

3N RIREY

WIBdANaIMANLKEN

- DOAS 5 103,000 | 515,000 | 1,152,000 | 5,760,000 | 200,000 | 1,000,000
- ADesW 5 600,000 | 3,000,000 | 1,216,000 | 6,080,000
wn3aadhauLin
- AHU 01 1 132,000 132,000 | 2,430,000 | 2,430,000 | 30,000 30,000
- AHU 02 4 128,000 512,000 | 2,449,000 | 9,796,000 | 30,000 120,000
N 4,159,000 24,066,000 1,150,000

AN319N 9.20 ﬁslazl,ﬁﬂmﬁuamu Adunauinsednminnm LLazﬁ’]LﬁUUL‘l’i’lﬂﬁ]ﬁlﬂu

o
a o

PAIRWFITINTUANAAAILATILANINE 9 3‘].] S IAT]

, WWAINW, aningumniel | annsunidaaun
suuuvaIAIaILAN N - . - ’

P, (L17) AN, A (UN) gns, NPV (U1)
1) CC 1,001,000 16,248,000 149,986,000
2) HxColl 1,388,000 16,690,000 153,399,000
3) EW+CC 2,872,000 13,410,000 125,009,000
4) EW+HxCoil 3,213,000 13,788,000 128,793,000
5) EW+CC+SW 3,242,000 14,194,000 132,520,000
6) CC+PDHC 3,501,000 16,862,000 157,078,000
7) EW+PDHC+CC 5,380,000 14,474,000 137,208,000
8) EW+CC+PDHC 5,379,000 14,511,000 137,544,000
9) CC+ADesW 4,159,000 25,216,000 233,824,000
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T 421 dnlgevasliusanldiaiaadneimazduuni 1 (CC)

éfwgmﬂ%aa Manuwneall | a1yeInsca
318119 JIUIN (Un) (L) T(wn)
e 73 N PREV N PRHV
LA3aafiNeIMANERen
- DOAS 01 1 72,000 72,000 | 1,422,000 1,422,000 | 40,000 | 40,000
- DOAS 02 3 97,000 291,000 | 2,264,000 | 6,792,000 | 40,000 | 120,000
O BIRETIEIN
- AHU 01 1 42,000 42,000 344,000 344,000 | 20,000 | 20,000
- AHU 02 9 28,000 252,000 177,000 1,593,000 | 20,000 | 180,000
RRPLY 657,000 10,151,000 360,000
AN 9.22 ﬂ"ﬂ"ﬁﬁhwaﬂsaumﬁlﬁm%‘amﬁummﬂgmwuﬁ' 2 (HxCoil)
&’uvgmﬂ%ao Aebwueall | a1dseinece
318019 JIUIN (un) (L) T(wn)
T PRV N PREV palel PRV
LA3aLfNIMANE%aN
- DOAS 01 1 69,000 69,000 | 1,277,000 | 1,277,000 | 60,000 | 60,000
- DOAS 02 3 93,000 | 279,000 | 2,033,000 | 6,099,000 | 60,000 | 180,000
- Run around coil 01 1 38,000 38,000 33,000 33,000
- Run around coil 02 3 39,000 | 117,000 34,000 102,000
inasithauiu
- AHU 01 1 48,000 48,000 489,000 489,000 | 20,000 | 20,000
- AHU 02 9 30,000 270,000 254,000 | 2,286,000 | 20,000 | 180,000
RIPLY 821,000 10,286,000 440,000




a9 423 dnlgsvaslsusanliiaTendveimagduunf 3 (EW+CC)
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ﬁunumém AAuRwIKGal | a1lyeinsiGe
18019 JIUIN (L) (V) (wn)
N PRFV N PRtV N PRV
iATaaiNeIMANERan
- DOAS 01 1 51,000 51,000 | 915,000 915,000 | 80,000 | 80,000
- DOAS 02 3 68,000 | 204,000 | 1,458,000 | 4,374,000 | 80,000 | 240,000
-EW 01 1 110,000 | 110,000 36,000 36,000
-EW 02 3 174,000 | 522,000 39,000 117,000
wnasithaufu
- AHU 01 1 42,000 52,000 344,000 344,000 | 20,000 | 20,000
- AHU 02 9 28,000 252,000 177,000 1,593,000 | 20,000 | 180,000
N 1,191,000 7,379,000 520,000

a9 9.24  dnldiovaslsiusaildiniasdvainagduuui 4 (EW+HxCoil)

ﬁ’unmﬂ%‘aa AANRIUAD1 AseInIae
18113 W% (L) (Un) T(un)
Pale ST Na PRy N U
in3aainaniamenan
- DOAS 01 1 47,000 47,000 791,000 791,000 | 100,000 | 100,000
- DOAS 02 3 63,000 189,000 | 1,261,000 3,783,000 | 100,000 | 300,000
- EW 01 1 110,000 110,000 36,000 36,000
- EW 02 3 174,000 522,000 39,000 117,000
- Run around coil 01 1 38,000 38,000 33,000 33,000
- Run around coil 02 3 39,000 117,000 34,000 102,000
wn3asithaufu
- AHU 01 1 46,000 46,000 468,000 468,000 | 20,000 | 20,000
- AHU 02 9 30,000 270,000 243,000 | 2,187,000 | 20,000 | 180,000
RIPEY 1,339,000 7,517,000 600,000




N3N .25 enlFangraslsansunltiaIaaduainiasduuun 5 (EW+CC+SW
U
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ﬁunumém AAuRwIKGal | a1lyeinsiGe
18019 JIUIN (un) (V) (wn)
N PRFV N PRtV N PRV
iATaaiNeIMANERan
- DOAS 01 1 47,000 47,000 | 776,000 776,000 | 100,000 | 100,000
- DOAS 02 3 63,000 | 189,000 | 1,236,000 | 3,708,000 | 100,000 | 300,000
-EW 01 1 110,000 | 110,000 36,000 36,000
-EW 02 3 174,000 | 522,000 39,000 117,000
- Run around coil 01 1 38,000 38,000 19,000 19,000
- Run around coil 02 3 39,000 | 117,000 34,000 102,000
wn3asdhaudu
- AHU 01 1 47,000 47,000 530,000 530,000 | 20,000 | 20,000
- AHU 02 9 31,000 279,000 276,000 | 2,484,000 | 20,000 | 180,000
RIPEY 1,349,000 7,772,000 600,000

797 4.26 - dnlFiovaslssusanloiaiandveinazduunfl 6 (CC+PDHC)

éfunmﬂéaa AR RIUAD1 AiTIINIIAe
1813 W% (UN) (V) T(un)
N PREV N PRtV na PRV
LA3aaLfineIMAMaRan
- DOAS 01 1 69,000 69,000 | 1,270,000 | 1,270,000 | 80,000 | 80,000
- DOAS 02 3 92,000 | 276,000 | 2,022,000 | 6,066,000 | 80,000 | 240,000
- PDHC 01 1 132,000 | 132,000 36,000 36,000
- PDHC 02 3 208,000 | 624,000 39,000 117,000
wn3asithaufu
- AHU 01 1 47,000 47,000 475,000 475,000 | 20,000 | 20,000
- AHU 02 9 30,000 270,000 247,000 | 2,223,000 | 20,000 | 180,000
N 1,418,000 10,187,000 520,000




ANINN 9.27  enltansveslssunsnnliiasaainennasduuuf 7 (EW+PDHC+CC)
aU
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ﬁunumém AAuRwIKGal | a1lyeinsiGe
18019 JIUIN (L) (V) (wn)
N PRFV N PRtV N PRV
iATaaiNeIMANERan
- DOAS 01 1 47,000 47,000 | 793,000 793,000 | 120,000 | 120,000
- DOAS 02 3 63,000 | 189,000 | 1,261,000 | 3,783,000 | 120,000 | 360,000
-EW 01 1 110,000 | 110,000 36,000 36,000
-EW 02 3 174,000 | 522,000 39,000 117,000
- PDHC 01 1 132,000 | 132,000 36,000 36,000
- PDHC 02 3 208,000 | 624,000 39,000 117,000
wn3asdhaudu
- AHU 01 1 46,000 46,000 482,000 482,000 | 20,000 | 20,000
- AHU 02 9 30,000 270,000 251,000 | 2,259,000 | 20,000 | 180,000
RIPEY 1,940,000 7,623,000 680,000

a9 4.28  dldisvaslsausailiiaianiveinmazluuui 8 (EW+CC+PDHC)

é’%nmﬂ%‘m AANRIUAD1 AseInIae
1813 W% (un) (un) T(un)
Paloh) PRIV e PtV e PRV
n3aainanamenan
- DOAS 01 1 46,000 46,000 | 727,000 727,000 | 120,000 | 120,000
- DOAS 02 3 61,000 | 183,000 | 1,157,000 | 3,471,000 | 120,000 | 360,000
- EW 01 1 110,000 | 110,000 36,000 36,000
- EW 02 3 174,000 | 522,000 39,000 117,000
- PDHC 01 1 132,000 | 132,000 36,000 36,000
- PDHC 02 3 208,000 | 624,000 39,000 117,000
wn3asithaufu
- AHU 01 1 47,000 47,000 534,000 534,000 | 20,000 | 20,000
- AHU 02 9 31,000 279,000 278,000 | 2,502,000 | 20,000 | 180,000
N 1,943,000 7,540,000 680,000




a9 429 dldiovaslssusailiiaTandveimazluuui 9 (CC+ADesW)
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ﬁunumém AAuRwIKGal | a1lyeinsiGe
18019 JIUIN (L) (V) (wn)
N PRFV N PRtV N PRV
iATaaiNeIMANERan
- DOAS 01 1 53,000 53,000 | 610,000 610,000 | 150,000 | 150,000
- DOAS 02 3 72,000 | 216,000 | 972,000 | 2,916,000 | 150,000 | 450,000
- ADesW 01 1 132,000 | 132,000 | 499,000 499,000
- ADesW 02 3 210,000 | 630,000 | 795,000 | 2,385,000
wnasithaufu
- AHU 01 1 65,000 65,000 | 1,033,000 1,033,000 | 20,000 | 20,000
- AHU 02 9 42,000 378,000 558,000 | 5,022,000 | 20,000 | 180,000
N 1,474,000 11,855,000 800,000

AN319N .30 iwazl,ﬁumﬁuamu aduna Uit adnmnng LLa:@hLﬁﬂmvi’]ﬂaqﬂu

Pa9lTILINNANAILATILENEINE 9 Jtluuy

, AN, aningumiel | annsunidaaun
siluvyzasAIadfaINIA : — R !
P, (U1N) ANk, A (UN) qn3s, NPV (U1)
1) CC 657,000 10,511,000 96,390,000
2) HxColl 821,000 10,726,000 98,512,000
3) EW+CC 1,191,000 7,899,000 73,134,000
4) EW+HxCoil 1,339,000 8,117,000 73,929,000
5) EW+CC+SW 1,349,000 8,372,000 77,600,000
6) CC+PDHC 1,418,000 10,707,000 98,936,000
7) EW+PDHC+CC 1,940,000 8,303,000 77,563,000
8) EW+CC+PDHC 1,943,000 8,220,000 76,810,000
9) CC+ADesW 1,474,000 12,655,000 116,735,000
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AN 9.31 - A1 19N 9.34 ﬁhumi@‘i’lmmﬁﬂfﬁhyma@mqmﬂﬁmumaamms

éﬂﬁfmmﬁﬁ@mﬁm’%aalﬁummmma:gﬂ memmaglumswﬁ 1.35 lag@aaayaantis

7% szaziiamayaiiwinw 15 4

a7 431 dnlgevaslssweanldiaieadnenmeazluuun 1 (CC)

éfwgmﬂ%aa Manuwneall | a1yeInsca
318119 JIUIN (Un) () T(wn)
e 73 N PREV N PRHV
LA3aafiNeIMANERen
- DOAS 01 1 125,000 125,000 | 3,165,000 | 3,165,000 | 50,000 | 50,000
- DOAS 02 2 131,000 262,000 | 2,762,000 | 5,524,000 | 50,000 | 100,000
O BIRETIEIN
- AHU 01 1 57,000 57,000 220,000 220,000 | 30,000 | 30,000
- AHU 02 6 31,000 186,000 107,000 642,000 | 20,000 | 120,000
398 630,000 | 9551,000 300,000

TN 4.32  dldiesaslsiwennanlsiadeddnainiaziuuuf 2 (HxCoil)

&’uvgmﬂ%ao Aebwueall | a1dseinece
318019 MWIN (UN) (un) T(wn)
Pl U N PRFV N PTV
LA3aLfNIMANE%aN
- DOAS 01 1 130,000 | 130,000 | 2,814,000 | 2,814,000 | 70,000 | 70,000
- DOAS 02 2 132,000 | 264,000 | 2,456,000 | 4,912,000 | 70,000 | 140,000
- Run around coil 01 1 56,000 56,000 51,000 51,000
- Run around coil 02 2 50,000 | 100,000 42,500 85,000
inasithauiu
- AHU 01 1 79,000 79,000 493,000 493,000 | 30,000 | 30,000
- AHU 02 6 39,000 234,000 208,000 1,248,000 | 20,000 | 120,000
RIPLY 863,000 9,603,000 360,000




N3N 9.33  enlTanwaaslsanenuian iasadldnainasluuun 6 (CC+PDHC
U
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ﬁunumém AAuRwIKGal | a1lyeinsiGe
18019 JIUIN (L) (V) (wn)
N PRFV N PRtV N PRV
iATaaiNeIMANERan
- DOAS 01 1 130,000 | 130,000 | 2,839,000 | 2,839,000 | 100,000 | 100,000
- DOAS 02 2 132,000 | 264,000 | 2,477,000 | 4,945,000 | 100,000 | 200,000
- PDHC 01 1 582,000 | 582,000 54,000 54,000
- PDHC 02 2 500,000 | 1,000,000 53,000 106,000
wnasithaufu
- AHU 01 1 80,000 80,000 476,000 476,000 | 30,000 | 30,000
- AHU 02 6 40,000 240,000 198,000 1,188,000 | 20,000 | 120,000
N 2,296,000 9,617,000 450,000

9N 4.34  dlgievaslsanenanldiaieadueimeaziuuun 9 (CC+ADesW)

é’%nmﬂ%‘aa AANRIUAD1 AseInIae
378019 I (UN) (V) T(wn)
Palon) PRTV Paloh) PtV e PRV
in3aainaniamenan
- DOAS 01 1 127,000 | 127,000 | 1,685,000 | 1,685,000 | 120,000 | 120,000
- DOAS 02 2 121,000 | 242,000 | 1,471,000 | 2,942,000 | 120,000 | 240,000
- ADesW 01 1 132,000 | 132,000 | 1,294,000 | 1,294,000
- ADesW 02 2 210,000 | 420,000 | 1,129,000 | 2,258,000
wnasithaubu
- AHU 01 1 124,000 124,000 | 1,784,000 1,784,000 | 40,000 | 40,000
- AHU 02 6 63,000 378,000 600,000 3,600,000 | 30,000 | 180,000
PIEY 1,423,000 11,878,000 580,000
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i - WA, Amlwisunngl | annsumidagiin
sduuvaIAIaILGNINA . -
P, (U11) AN, A (L) gns, NPV (U1n)
1) CC 630,000 9,851,000 90,353,000
2) HxColl 863,000 9,963,000 91,605,000
6) CC+PDHC 2,296,000 10,067,000 93,985,000
9) CC+ADesW 1,423,000 12,458,000 114,889,000
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