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ABSTRACT

Recently, implementing energy saving measure without affecting usability of building has
been an issue for old building. The existing building, in this study, built over 17 years, also desires to
save its energy consumption by changing chiller. In recent year, there are 3 types of chiller: Fixed
Speed Chiller, Variable Speed Drive Chiller and Magnetic Bearing Oil Free Chiller. In order to
maximize its investment to be economically worthwhile, it has to consider all perspectives in
consequence of different price and efficiency of chiller, also the age of existing building causing its
usability has been diverged from building’ s norm which may not be proper for energy saving
evaluation. To be accurate, we need to be aware of recent energy consumption condition. In this study,
we determine 7-days energy consumption of the building to measure ratio of energy consumption.
Then, we calculate chiller’ s energy consumption in the past subjected to overall area’ s energy
consumption in 2015. Ventilation flow rate is going to be measured by carbon dioxide intensity in the
building for estimating ventilation flow in each building’ s zones. Therefore, Energy Plus will be
applied for modeling hourly cooling load throughout 2015. By comparing cooling load and monthly
energy consumption from model with their actual data and error is less than 10 percent, the model,
thus, will be set as base case. According to energy saving evaluation along with economic value for
changing proper chiller in each types, we found that, among 4 cases, then chiller which has the highest
energy saving efficiency in all cases is Magnetic Bearing Chiller, VSD Chiller and Fixed Speed
Chiller respectively. Furthermore, in the investment perspective: The best chiller for cost recovery and
return of investment are Magnetic Bearing Chiller (case 1,3 and 4) and VSD Chiller (case 2).
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Chiller Load (Ton)

H 4 o 90’ < §
51U 13 Load Profile vounsaaningunsain 1-4

a4

a A o ¥ 3 A aA ' ~
M519N 3 mummﬁmmmmumaaﬂslmmazﬂim

VI | peak | o 4
. IEELIGERN
- NUMW | 5imia Load e
= Miudu
Al sz ﬂ;(f;s (TON)
(CFM) ( )
1 239 18,905 146 175
2 239 5,500 120 150
3 450 6,500 125 150
4 450 18,905 149 175

1000 855 1.4
12
. 800 1.0
§ 600 545 g ().x el Mag CH
=" 391 g -
=
= 400 g 06 —@— VSD CH
oS 0.4
200 27
0 8 0.2 @ Fix CH
0 — 0.0
41-60 61-80 81-100  101-120  121-140  141-160 0 10 20 30 40 50 60 70 80 90 100
Chiller Load (Ton) % Part Load
ﬁmqﬁgnm Wﬁﬂiwﬁﬂﬁﬂifﬂﬁ 2 Chiller (175 Ton) Performance Curve
1200 979 12
1000
; 757 1.0 @ Mag CH
2 800 08
= 600 f 06 @ Vsd CH
g 400 < c
o 0.4 @ Fix CH
200 1 1 0
0.2
0 |
0.0
41-60 61-80 81100 101-120  121-140  141-160
0 10 20 30 40 50 60 70 80 90 100
Chiller Load (Ton) % Part Load
auyAgumsiulyangaii 3 Chiller (225 Ton) Performance Curve
1400 1183 14
1200 12
g 1000 ! —@— Mag CH
= =
8 o)
z 80 545 £ 08 —@— Vsd CH
=600 Z 06
400 04 @ Fix CH
200 0 34 43 0 0.2
0 — — 0
41-60 61-80 81100 101-120  121-140  141-160 0 10 20 30 40 50 60 70 80 90 100
Chiller Load (Ton) % Part Load
v
= a A [
sun 14 dsz@niammandanunn 10% Load ves
auyagumslSulyansain 4 PR , A .
w 756 €93 ATOINMUNIUUAASVUIANUUVIYATUNDINA A
= 600
E'; 336 d‘ ‘]Jd a A o sol < A A
& 400 M1319N 4 1WTIVNIUVVUIALATOINIU UTUNLAD D
=
e 200 ! A I Y a Gl £ a @
- 0 20 21 FEUINNITADN LAYDINDINTT LBITUIII DUANTY
0 —_— —_
41-60 61-80 81-100  101-120  121-140  141-160 A3 dan.

@encuMsliay | 1@ennnnasgu
N /N,
"% [ Peak donuna | TeK | aoiina
Load Load

(TON) (TON) (TON) (TON)
1 146 175 216.6 225
2 120 150 157.4 150
3 125 150 170.5 175
4 149 175 224 .4 225

157



is.Us:1fiovguwoy lia: o.1nalesu

li' v @ 1 ~
Mg 5 wamslszrdanasauluuaaznsal

d‘ 9 a
M1319N 6 VDYANNNITNU

% wamsdserganaaany ‘e 2 Y
. _ ﬂﬂ‘]ﬁnﬂ!!iﬂ!iu ﬂ?ﬂﬂﬁ’i(ﬂ
asal | Chiller | Fixed VSD Magnetic ()
A Speed K Bearing Fixed Speed Chiller 150 Ton 1,950,000
TUAN | Chiller Chiller Fixed Speed Chiller 175 Ton 2,200,000
- - - - VSD Chiller 150 Ton 2,200,000
1 0.0% | -28.7% | -34.4% | -38.8% VSD Chiller 175 Ton 2,500,000
2 -1.8% -39.2% | -41.6% -45.2% Magnetic Bearing Chiller 150 4.251.000 M
3 -1.1% | -35.7% | -39.4% | -42.7% Ton 7 Wisdl
4 0.3% -30.9% | -33.1% -37.0% Magnetic Bearing Chiller 175 PM
4,625,000 “
Ton W3 59
a d d a ¥ A o 3
3.3 MSINZHANUANMMIATHFAANS NuAaRaRIeiiNEY 452,400
H 2 a P ' P = 2 o s
Tuduaouilaz WATIEHANNANAIMUATHTNAAS wasuiniuneumamsos -
A 3 25,000 Al
{ 4 o o o 1Y) 1
Tumsasmunlagsunaseaininguns 3 Uszian uaag 1A 150 Ton
o - o a~ uy “ aguminiuneumadres .
asal Taefinrsandauilsmamstu 1dun szeznanu 32,500 | wmAl
) ) . YUIA 175 Ton
Nu (Simple Payback Period) itazoasiwanouiny - - - -
q X ; , Oil & Refrigerant Filter 40,000 Al
awlu (IRR) itedenyiianieuiiuduiimuizay —y =
¥ 1919 Tube 60,000 v/l
ADMININUNINNGA MasInFailsz sl 35,000 A
v A Y ' A v q 9 ' X
Aununumstuilseneudie 2 aiu e mldae 1 Sensor & Capacitor Y84 .
2 A o o L 1 q 9 2 Magnetic Bearing Chiller 150 425,100 uw/101
usnuuaza 1991911395081 Fearlgaeusniy Ton
4 o 3 Y ;
Uszneuals aunuaiesinindu uazdunulums A1 Sensor & Capacitor V9 "
~ ¥ A 0 ¥ oa , e e o - Magnetic Bearing Chiller 175 462,500 W10
AaaunI gy daumlsneiingednyivuied Ton
' ] o {2 g da51uduiile 4.009
arld91elunisiiigesnyuaiesiniunnonoiy - o1 00%
2 g C g 4 gy 9 o 4 Aueeullaz 4.00%
Tasenms Favoyamldniensnisuldnnnduaanios —
LY v 2 ey o AnsIuag 5.00%
WUy HazduIMsanas deyan 1491011395011 . -
¢ ¥ aonieoduenises[10] 2.00%
k4 ° @ o U Y o
¥ o A 2
"lﬂmznmmumgﬁﬂmﬂﬁ 911 aruveyadain Sosianvessm i 5.00%
aonteidurInilszd sas1tude tazsmmdsau il o 11 391 1
< ' A o 2
T Tdnnaduledveanitsnuninertes SasmonitieTasans* 426%
a x o 20 =
MINMTAATIEHMIAT B an T lanaden1319 oglasants U

4
o o

A ' A A 3 Aq Yo ]
N7 WuN lunsaif 1-4 inSesmdndunlvonsuss

3 A A

JInga Ao Magnetic

q

A o o Y
yoamsaunuuaziiiils1d
Bearing Chiller (d1v5unsain 1,3 uay 4) uag
VSD Chiller (§15unsaifl 2) ilesainfiszezinan
A ° a ' P o 3 0 a
auNuaga tazun1 IRR ganUAToI MU I USUA
duq aungf Magnetic Bearing Chiller liawiso

' = ' 4 o ¥ & a 4 a A
%A1 IRR figeniuasesinindusiiaoulansain 2

' a o o ' . o 3 g
udgilinamsdszvdanasaiuganiuaiesriniugu

A A I F) A = '
YUADU L‘I_I‘HLW313@]1&7}1&51ﬂ1lﬂ5@\1ﬂgﬂﬂ'ﬂﬂﬂﬂ

158

a s A~
M1319N 7 WA UUNUNNUATHIAITATINDNUNIT

Yiulgenwnsain 1-4

Simple
nsal Chiller Type Payback | IRR

Period
Fixed Speed Chiller 175 Ton | lifiunu | -6.7%
1 |VSD Chiller 175 Ton liaunu | -2.0%
Magnetic Bearing Chiller 175 195 0.4%

Ton

) Fixed Speed Chiller 150 Ton 15.5 3.4%
'VSD Chiller 150 Ton 15.0 3.8%




Simple
N30l Chiller Type Payback | IRR
Period
Magnetic Bearing Chiller 150 53 36%
Ton
Fix Speed Chiller 150 Ton 182 1.3%
3 |[VSD Chiller 150 Ton 164 2.6%
Magnetic Bearing Chiller o
150 Ton 163 2.8%
Fixed Speed Chiller 175 Ton lifiunu | -4.2%
4 [VSD Chiller 175 Ton lifiunu | -2.9%
Magnetic Bearing Chiller o
175 Ton 20.0 0.0%

. A ¢~ 2 4y
11199910 N15A1AN TS U AR HINA 0

a v o o
wasuudadlunarlaqlueuina szdesniuasnsi

£

asnibeonazonswanouunuIveglusiuiandedny

[ a Y o w a [ 1w
ga5duie uazszdeuivanduieudsuasa
2y . 4 da 42 o 2
aonlieay (Asaunin 2) s luntiunudasaonde

F ] '
aesasmenedurkn iesnnminiimsasmunlasu

4 K a g
Lﬂ?‘mmm!ﬁu ‘mqmms%zamuﬁﬁﬂmumm

aonibeTasans = (1+)(1+H -1 )
Tagiii = sasiuile
f = Sasmondoiiudnlizsn
aonidoTnsems = (140.04)(1+0.02) — 1
~ 0.0608 (6.08%)
4. a5yl

Q

AAUVDIMIIATZH RN szHIANG VBT
9IMTNIAD TNINNT IFNAINLAT 1 TaduNsa0eNULY

Y (Y Y ' Y A
izﬂﬁqﬂlﬂﬂﬂxﬁﬂﬂﬁﬂ”ﬁ%ﬁﬂu ANINDIMTES 1 N

Engng.J.CMU.(2017) 24 (3)

k4 1
=} =

£
@51ﬂﬂ@9]}1uwuﬂ ﬂTﬂﬂTiﬁﬂHT@1ﬂ1ﬁLﬂ1LLﬁ\1ﬁW’U’N

A o Tl A

w3esiniugun ¥ ludagiudivnalvainuliing vag

=3

Td3urmemiasyuiod AU N NIATIIU
9
ASHRAE tuziin Tumsisuilysnmuauyagiums 4
nsal gy ariulldimsdSudSuaemaszuie wag
o d § o %2 A
SuauAL NNUUIIMUIANs osi e uimanzaylu
1 = =2 ' A o 3 & Aqw
ueaznItl WaMIANYINUIN Ao IR Iinans
Uszndandsnuangalunnnsaine Magnetic Bearing
. 4 a 4 o 3 g
Chiller tiips1nlunislFausdunsesininguae
o a ] o & . .
#191uf Part Load 1Jundan %1 Magnetic Bearing
Chiller H1/szansamn1anasanIusaa Part Load
= 1 A o ¥ g a A ] < A a L4
anauns ol uduriadu odrelsnamiionsizy
Y 1 4 ' A o 3 & Aa
ANUAVAINIUATHFAIAATHYI 1T 0 UTUNT

szeznaINUNUIazeaTHanouununwluaigane

Magnetic Bearing Chiller (dm$unsdiii 1,3 uaz 4)

]
=

way VSD Chiller (1 mSunsifn 2) dauvan
Magnetic Bearing Chiller liznunsalianuquaimi
s A { < .

wsygmaasangalunsaiin 219 uimsiz Magnetic
Bearing Chiller 451194110 ua#1nluauinania

S o & a R a [ Y Y o Y
911U NMITATOVIIFIUMIUUETUNNAWTIA T

. . . o 3 g

511904 Magnetic Bearing Chiller d1as’la niflu'lyl
14 71 Magnetic Bearing Chiller 819 1% 6@ 51

HaneuLuMelugangalunnnsdl

5. Aaanssnilszma

A s A
yovounmms Wihuasnarioynsizrnui

9 oD = l = o Y o Y =
Tdmsilszdiwiiesedanen slimsesnuuuszuudes  Jymsenu
A Y 1 < Y VA ]
ovalin ednlsnamdeideveseramsinine i
awnsniimsUsulgaldvannateninin iosdae

4 a
PNA1ID N

[1] U. S. D. O. E ( 2003)
https://energyplus.net/documentation

An Overview of Simulation and Energyplus. Available [online]:

[2] Birol, K. O. Design and Analysis of Energy Saving Buildings Using the Software Energyplus.
Mechanical Engineering, Middle East Technical University, 2012; 182.
[3] Zhou, T.H.X., Yan, D. Comparison of Hvac System Modeling in Energyplus, Dest and Doe-2. le.

Building Simulation, 2013; 7: 21-32.



is.Us:1fiovguwoy lia: o.1nalesu

[4] Basarkar, X. P.M., Wang, L., Haves, P., Hong, T. Modeling and Simulation of Hvac Faults in
Energyplus. Conference of International Building Performance Simulation Association, Sydney,
2011; 12: 2897-2903.

[5] Bible, M.R. Modeling Building Energy Use and Hvac Efficiency Improvements in Extreme Hot and
Humid Regions. Mechanical Engineering, Texas A&M University, 2011; 145.

[6] awnaudsnssuliuemauvalsamalne. vasgwszuulSueimauazszuieeine. u5Evn Ina niwila
31nA, 2556.

[7] Measuring Carbon Dioxide inside Buildings — Why Is It Important?. Available [online]:
http://www.energy.wsu.esu.

4 o o a o 1]
[8] @ad udidann. mamumlsunumsszuieeImanunsg e ASHRAE 62.1. aunudmins suiliuenmaui

sz Ine, 2558; 20: 43-63.

[9] Awvailable [online]: https://www.bot.or.th
[10] Available [online]: https://www.scb.co.th
[11] Available [online]: http://www.mea.or.th

160



