12X Y - 2 AHof| K| =2 X ISSN 2799-4783 (Print)

Korean Society for Geothermal and Hydrothermal Energy (KSGHE) ISSN 2799-4805 (Online)
Vol. 18, No. 4, pp. 33~44 (2022) https://doi.org/10.17664/ksghe.2022.18.4.033
=

SYHUA 2| EMS SEiM0] St 2401 2kt AlE2]|o|M 17

A Simulation Study on Effect Analysis of EMS Combmed Control of
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Abstract

In this study, we analyze the existing heating and cooling operation method for an office-type complex building with
a central heating and cooling system, and examine the effects of applying various EMS that can be applied according
to the load size to save energy in the building. For this purpose, simulation analysis was performed. As a control
method, reset control of chilled water, hot water, cooling water and supply air temperatures, optimal start/stop of
heat source, and number of heat source control were applied according to the load size, and energy consumption
was analyzed accordingly. In addition, when all of these control methods were applied, the overlapping energy saving
effect was finally confirmed. As a result, it was possible to confirm the energy saving effect when EMS for reset
control and heat source control were applied compared to the existing control method of the heating and cooling
system, and the effect for the case of using all these control methods in combination was also confirmed.
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st ol wiel @A) Asield AT A B JhsA17] ote] Wi G771, B
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AEANIA ALEF FolA 53] oA ARgEFo] @2 Hoks Wdiorg duhal AR & AES] 7
T A= AAANAA] AHEZY] oF 60%E aBlshs Aoz LA Ut mehA, AENA Y Widdiore
iR B&4E wole AL olHT AAAY sfzchdol Het thgoll axpajoltt.

o]t Yoz FZo= AEY AUA AL B2 o2 BEMS(Building Energy Management System,
AEoH A A A 28])7F AL E o] FEE ol HAF 2 Wolx|aL Qlrh. HAEoH A A2 ol A
ANIAE dHst7] 3 WekE A F7HAE Yol & 4 et dEoUA ARES 2oFdE EA
SHA U E Fste] YHl = (A8 9 agA S AR AHlY] oz £B F)E Frohdjo] st
HH, oA ARgo] @2 Adulof tiste] AFAIMNEE =S Fot=r)ol weh thget EMS(Energy
Management Software)E 2-8-5to] U2 & A7t W2 FEHAT ZYEHF | oJste] YH|H= 2
A5 Fot s dsts WYY Aol AP 245 Fot AAT | utet of|yx] At Slo] & anE
dojdl 5= glort o] EA] YiA= B71A o2 thgst oz et B E HolHE 345t 2ol I
f35tH, oy A12/d9 Fr7}t mje Fasieh E3 Fetar|o wet thdit EMSE A-8-sto] WA
HE Alojst=s AL SHF A58 oA €4, vk, T2 59 Y7t A2 AZdE o] 4z ad
ARl EHE Tl wet o5 nEste] A|AFY] Hgstojof E ANE Hdojd 5 Qlr}. 53], 7|E0
AR E AEANA = AFA A2 QlojA AlF Ao 2-&E |7 EMSZ Qlste] theFgt ambA| ¢l v

50| A&EA Eot= A7 7] W&ol o] & At A-8357] A= dEY 7€ LTS
AASHA greteta @A ARESHAL QA F2 U A Az WS 71EY LYY A s §3E &
FL T U=F A2"HE FAsHE 2ol Zasith

A& FLIETA LY Aojo] B/E AF=2E oA FEZ27F e ABollA 9 A31S ¥
A 7]= FAA o] Wl TE AF[2]7F e, olgte] W AALE=E AEAAT + A= E3FA
o Bi¢to] ®ato] AF[37F ek EF ST EAIL- | st FFIFAIL—H A Au|7]7]19] A
A Aolbo] Wt A[417F AAE Ho] jlon, TP FA L oA EIF AL Aol &
TP AT 2y ol2d HHES G99 F7HHQl EMS A& g aatEAoiu &4 5
AES s 3 18 7S 870 FA &2 ¥Rsolt

AR T & He T3 ATEE= 553 AdEAUA A A Ago| Bato] LHFo| &
aHE EAT AF[617F ot FAARJD Aol et Ago] FF3hH, ojgte] oA v 1
S SAEFAILR O A Gt B AF([7]9 B JRAIES 7|REe R sho] YRkl AR
A= dg A= 753

A FHITTALE Y A= ohefe EMS 2209 JEAA 54 avt5 E43 A7 &
5, AdEodA B A 2" Robo A= 235]8 owdt AlojE A&t =Aol ek dwol glo] 2
@ Wao] gk weke,

wheh, 2 ATl AL FehddEA Ato] TEE N AR e o] BalaRo] Wejel Wik AH )
71&Y Aol d SAYHE HES T A A2 @] 7Hed thdet EMSE =&31L o5 A& %
o AL5S Bl de anE st} AlEdold A5 At A-8E EMSE ¥4,
27125, Y22 Bk JAAA o] Wi dLdu|o] QlojA A 7|E/AZX], EdtiA oo Bt
of Agstglon, £, o3 RS0 BF BFPAH R HEHIYS Aol it AvA 2umFgS 4
st avtE AEy, 27hHo s AE FFAY] BS ol|A] HGof thgt 127} Badto] wet o | X
H-E A3 ans 243530
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"ok 22y 971719 7Fe A AT FAA AL AT Holl A= A =ge st O F
ot SRl wek 2ol LYHIL A A& S0 FE7I0] 2 IAFEH T3t 2FET &
A st 2dFe G0l AS FF 24 64, §l& F¢ 24 74 vHEH dU77E 7)Este &
FEHES = ot

{

o] A YRR SV 29 Sl Jlen FeAYefRdAA BEoAE &
T 3712379 FCU d-8§o2 Fa3ta BHdzoA traolAe $71< 3%, v ¢, &7123
ZIHVU)ol| FF8ES 450 ek B3, d9] B¢ FeAdesiHld §Eds717E 9 Fold
SFAY RN TEoAE dee 37123719 FCU Y9822 FH31=5 Ho Ao

T HddE] SRt AR Foll B A 0] o] FojA = T YL (st WA F H

Table 1. Building overview.

Classification Description
Building use Office use(Office, Laboratory, Conference)
Total floor area 48,653 m’
Building scale 3 basement level, 16 stories high
Major energy source City gas, Electricity
Major cooling and heating equipment Absorption chillerheater, Steam boiler, Turbo chiller

Fig. 1. Simulation model of subject building
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Hot Water Loop

Pump AbChillerHeater

SBoiler

Chilled Water Loop + Condenser Loop

Chiller
A

Fig. 2. Flow diagram of central cooling and heating system in subject building
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Table 2. Specification of heat source equipments

. . Capacity(kW)
Description Quantity Use - -
Heating Cooling
Absorption chiller heater 2 Cooling and Heating 1933 1933
2 Steam boiler 1 Hot water supply 3500 -
Turbo chiller 1 Cooling - 1125
Table 3. Specification of pumps
Description Quantity Flow-rate ( £ /min) Pump-up head(M)
Chilled and hot water pump(primary)
! (ADb. chller heater) 3 6,000 18
) Chilled and 1.10t wate.r pumP(secondary) 3 3.700 35
(Air handling unit)
3 Chilled and hot wate;r pu'mp(secondary) 3 1,400 83
(Fan coil unit)
Chilled water pump
4 (Turbo chiller) 2 3,700 27
Condenser water pump
3 (ADb. chiller heater) 3 11,500 30
6 Condenser water pump ) 5,000 25

(Turbo chiller)

HER L B
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Table 4. Specification of cooling towers

Capacity(RT) Quantity Use Flow-rate( ¢ /min) Fan power(kW)
1 1000 2 Ab. chller heater 11,500 28.6
2 450 1 Turbo chiller 5,000 7.4

oo mE FLIALY YL Y77 SFHZ, YZF | A AMF2 Table 2~Table 49} Zro] EH3}
Fomw, o] yrof Fatof| we} ALtE o] F7F Abol7t e 71237 251, &7|=3| 2, WA LHH

2 634tf7F A2)Ho Qi
3. Mo

2 dFolA e dd =l diste 718 A weh £92 Afol i ' YHPAILH Y o
YA ARG ol | A AE fsto] | gdAte] e et | A AR AR wet Ao s &
DE= EMSE #8358 Aol tig oAvA AHSFe vl 2435t Aoh. 53], 282 EMSe] B =
AAZEe 2 Wstste Fatar)e wt Ao 7 du| o dAYHe "7 ALAA S o
= 29 A&d Fsb A7)0 wet Edi # HE LIYLAES 2 E9Y Ao FHeE F
w£35te] ofof wE ANE AW ESIT EI, A0} YA 7F FAO BLH 2R o]FoR =
S Aol FEHE ¥ AHEY] A5t AlEolA si4s F7t= st v 245

Table 5= A EY] SYYTLTAILHA st} 71&9 SFYHS AT F2H AR HA
2dE T3 SAE volHe Aux A=Y FeldE S dEhd Aot

WA, AY AEL=9 B AE0l 33718 A4S HAL 5ol wEh Aol 26, dEAll 20T
2 AAHo MAd FRo] LY Ao, ¥ A T2 AHREE ovA] A A
ol FFA] 10T, o] B 50C2 st 2FeAT. 57 A=Y Ff 371237004 &
E2 o7t #RHL Aen, AHLES 26C AER {FA8H7] At #ata7]7F 42 b8 A
T g%l wet ¥ g 200~24T, de A9 22T~28CTE AAsH LFHL AT EI, Y%
o Yzt A 2EE 294TE AR FHU

GU71719] BF dFAIZE] 2 IAFEH 5 6A7HA] ojn FeAYeT|R Wdle $ast=T
Y 228 AAEU7MA 2 dd 9 A Al717] e dFAIRE ol e TheE sk,

Table 5. Operation conditions of conventional method for central cooling and heating system

Operational conditions

Control variables

Cooling Heating

Indoor set temperature 26C 20T

Chilled and Hot water set temperature 10T 50C
Set temperature . . 5

Supply air temperature 20~24C 22~28C

Condenser water set temperature 29.4T -

Start time 6:00, 7:00

Stop time 17:00, 17:30

Heat source
1 Absorption chiller heater or 2 Absorption

Operating number chiller heaters

Outdoor temperature Weather information of past year

Korean Society for Geothermal and Hydrothermal Energy (KSGHE)
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Table 6= A AFe 7|ERAY 7|EA I HE FESHY A&"H LT} ||| Aol 7hs3dtct
I wE= F7H42 EMSE A&st5e Aol et 2dS 2% Aot WA, Case 12 7]&9 &
FHHAZ AEFold Z2IHYS T Bdoln, Case 2= FHHAI2H | qlojA 2 AHHS A

17t B3 =27)9) whgl ¥3kA]7]+= Reset control:& A-235t 2dlo|t). T4, Case 3= 7|22 21} djuH|she]
o] 9 A &H Fatar]o| wet dAdti¢E Aty Fsta, B EHER Y 7 FAT FAATE
ol 7)o Wihhestaeo] =0 et 7] A FRAATE MAAA Sk Y A83 8
AujAlolE A5t e HE A-E3 Zdo|n, npX| e 2 Case 4= Case 2 WH I} Case 39| AoHHS
FAl 2§35t mdojth

Case 20| #-§-% Reset control:Z & 3719 HF3HE ¥SA7|= AlodRS A&ttt

A, 7]&] AHESHE AWAALEE fA 5t AL 7|2CE o, 3712379 F7|AHARZAAE
A&ttt F71 AR A o= AWAAR L= AW =9 LA wet F7]2 =5 PIAoof o) -
Fote BAS AREst] 7|29 AWAA 2= WAl 26T, A 20CE FAIEH] R g7 =E A
Azt 2 W75ty ARt TS FA5HAH

T3 Wb A2 RS Bote] 26T~32T R HASIS ol JZE9] o || AH859 &
7hEt 22U FFAYLLE7]Y YA AR Aider EF 0w Fagte] wet A 4Ezt
o] A#Adol gt olvA] 2m=Fe EAE wiAst Y2 425 Qs 23E F &34
o @Y A2 SS9 ol wet ZAIF o] MR dEE ALY LEE 26T
2 3L, 97]9 AF2=et ddEre tet SF2EE A4t AAe R W AL E AAA
=2 shack

Ao 2 FeA Y27 YWt 2400 AL G4 Aut 971 AR I = A
A 22S Ag5 Aol A YA Q7|2 & 24C~35CE Bigshs A date] Y4228 70~13
T, TFA Y7I2& -15C~5TE Ws}sts Aol Hsto] LFLEE 45T~55CTE HBA[A ZF Aol
HE2 A4S et WAL AR 9 o |qA] amgFo] Hav) He AAHE Zot IAENE
Tl 22 ZHdsta Ala"of Agsto] U9 Yot 4 A2 =T JHAYHEE ST o, Y
ot 2428 HASHAS O AWAAE2EA ¥ 26T, E 2008 FAIHA] Edhe Aol disiAle
AU PHALEE FASHA Zerhar ddsto] sAE4 0] XY= Hol ghollA wiA|sHA

Case 39| A= Heat source control®] A= & 37}A 9] AojulHE A-&3514 )

S~

Table 6. Control method for central cooling and heating system

Classification Control method
Case 1 Conventional method
Case 2 Reset control(set temperature control)
Case 3 Heat source control
Case 4 Combined control(Case 2 + Case 3)

HERERRSLIERGL
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71719 7153 ZA7E A& olFolA B2 oy YHIE 2T 4 5ol wet ELdsAlolE oYY
2ot 2718 dEato] 1Y) BL 209 FeaWesrlrl SUHES Ao Agata.

E3 49 FAYRp7)E LAl wEbA o R] £m7F FrHeke] el LAAITHS 43} st
7 Seted AA715AA 2HE Aot

2 A7159Y A GFAIZEO] AFEE= 24 X E 7SS R o] Wt 2Tt AR =g =88 5
e AFHY AE AAEEE st =H, ole 7IEY Wee 249 FEA HolHE 7|Ne R st &
439t Yook £40 ARPLES] EBRAE HolHE BATe] AFHS Avl & A% 49 71 A
ZH A v o] Wt 249 227F g3 3o et A=A 9] mgAZto] #Bkghe] whet U
715 AR A 225 7MY & FaveR ARsigen, 971717 71Es e o vl ot W
of sl =T eao] AEBAe 712717 Gekdol whet o)/ 2 THA Whm Mool T wse)
AN O BNARNS $AT  NEANLE ANFES 2HS FHFA,

AP A YRAIo] AREL 95 6AS 7202 hol AAZE $5t 7)o met AfAFL
ZQl FHEA] 26T, WAl 20CE FAE & e Y29 2525 SAAS T8 ol W & &
SALSTI7E AABAE W W Alo] AR 02 AR 5L W Aol KMo 2 sgsie
SARAE Wl syl 270] BhE FHE HAARHCE Tohd & ol B HHel HANZS T
F =S 248 Todt

o, HAAAEY 395 4o met GRAZTCE AT @A XL &% oA7F HAE 5 s
o slelB ol AHol & A olF WANA NUIBAA AL ANT + U= 24 T4 A
Edol ol H-&st4itt

Case 49°] &= Combined controlZ $FA] 9153t Reset control¥} Heat source control2 FA]of -85
S 2A WHLAA- Y glojA F AojHS S0 A8T A A LmTFo A2 G 7] 5

30

Table 7. A charging system of electricity
Energy charge(won/kWh)

Basic charge

(won/kW) Time slot load (Jlslﬁ.riljxng;) (1\/1:15?1\1/}12%_\//,A éliuprfi%m (nggb.)
Low 56.1 56.1 63.1
8320 Middle 109.0 78.6 109.2
High 191.0 109.3 166.7
Time slot load (Jﬁr?.rilﬁ;) (MarS.Erl\l/?ag}{,A éﬁ;@éa.) (N(Y/Ttlféb.)
Low load 23:00~09:00 23:00~09:00 23:00~09:00
09:00~10:00 09:00~10:00 09:00~10:00
Middle load 12:00~13:00 12:00~13:00 12:00~17:00
17:00~23:00 17:00~23:00 20:00~22:00
igh load 1000-12:0 1000-12:0 1700-2000
00T 007 22:00~23:00

Korean Society for Geothermal and Hydrothermal Energy (KSGHE)



40 B, okEH

Table 8. A charging system of gas energy

Gas energy charge(won/MJ)

Basic charge Summer Spring/Autumn Winter
(May~Sep.) (Apr., Oct.~Nov.) (Dec.~Mar.)
15.6048 15.6277 16.3626

7] dZoll oA o] F4te] ofd Mz FHE Yehde] met olo] wE HA|Z<l EMS A-EHa
B ARad 2rlHon RS Sastat.

Case ¥ oA 9 Hlu s £RFT GO 2 o] BASIGon, UR|2RFL 7|2 2RT
I AYo R 2R FAMSE A oA aBFo g, oA |H]GS AE W ATt wt 7kt A7
23] Askgo] whe} o] 2 Tejse] ATk w1 g Adto] AEH WY U AR AAE chE Table
7 9 Table 83} Zth.

o] Y-S st F7HA EAS st AY 7k a5 i =l A8EH e AY
85 AALt 7tEa s AAE A&t AltstAer, 712 a5 A Gk EI, U A AHEF
o A9 Fhrsh MY oUA] DS W7 9Ystel BATte] MWh FHAkste] EA|sHeiLt

Table 9= Case 2(Reset control method) Z-&0f W& WYHPA|AE Q] ZF HH| Q4 oUAAEFHFS U
Ehd Aolth oA AR Case 1(Conventional method)o]l H| & Wbk A|AE Y] A o A AR
ZFol 13.0% A E«= Ae® Uegon, ouAHlEE 13.1% #aste Aoz Uit o= AAIRE 7
st Wl mebs Y2aelds, g7k, ¥4 AAEE HIA F= Ao WdHAIA"H Y oy X
Aol oA axprt & Aoz yehdth

53], A &S Tl AEE Y25 FEREE AT ¢ AEE EUS Aol et
WG ddn] o oJA] AREFo] 14.1%% Hadhs EA4S UHHeH, I g d2sadg =z
oA 7} oF 6%=2 AAEE A2 UKt ol 7|&0 oA A4S 98 FE&EHAY SAds
719 WA= 10T, FEALE 50T ghol AAIZE Fapasol slojAl v x| Ao amzo]x] &
S AFEAE Aot AS € ¢ e SHolth B, Y4eIHEZ O A9 AWEHE ARESHo] A
of @} A A& ST wet P25 Y7 AAZE Botof| mat WAE A9 d25 359
et #ols £957] deod vetves ddes wddEnh

ojute]] Y H Wzt P27t obd FHLEE Aty Retar|o wet Wzbe AP =5 A4
A S W W <= 9 Iz WY o R ARgEFe] 2442 10.2%, 17.5%=2 A E = AR Y
BT, ol AR HACE Holle 294T Y Y AL YA e LEsde o A
AA ] W7o lojA iR es WA AAEH Y& 7HeAo] wrhe RS Yuidttt. o|2X4 nF
olE o Y4 A= VHEA] 97|19 SFF2EE woste] A A osh= A o] oA Eztel gl
A Bt A € 5 AUth B W4 AR 257 7€ 294TCEY WA AFE F
Folle= G99 oA amFgo] Fol5 = Sl EA0] 7] WZel WAy AAAA o= YdHAIA
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Table 9. A comparison of energy consumption for conventional method and reset control method

Energy consumption(MWh)

Classification of equipment Case 1 Case 2 Energy consumption
(Conventional method) (Reset control) saving rate
Heat source 925 795 14.1%
Air handing unit 21 8 64.4%
Fan coil unit 4?2 42 0.0%
Chilled and heating water pump 78 73 6.0%
Condenser water pump 381 342 10.2%
Cooling tower 12 10 17.5%
Total energy consumption 1,460 1,270 13.0%
Energy cost(10,000 won)
Cost Qase ! Case 2 Energy cost saving rate
(Conventional method) (Reset control)
Energy cost 13,687 11,888 1,799(13.1%)

do] AA oA Ao ojA aRHAdS &+ Utk

R, WAL FRY A AFadrt L 37123719 ovA] Aol 9 oF 64.4%7F AFEHAL
o TR oA ARgFFo] F7|123 7| HYE & A2 et Fig 194 AHEd s
o] A% Ze A77F HEg IA £27F Hof ol vt WEY FR Y diert w9 gow, fEEe
YIRS WFY FHAA AASH] 2ol dehvhs @422 Heloh B2 #3d e AL
o2, 3R HIFLE HojQlo] WAY FH Y AvA AT jlor, 37127 Bf &
Jlew QAo ot AAG B/ LES AN Rel WEo] wel WANA Zof wel AzEasl 2 A
o2 ged

od A vl&o A 7HE B2 oA E 2Hdte Y271 oyA] o] 14.0% Y= &
T A g} W7ol UAALE WAL 2 Aol HolX| g AL AjHoE A 7}
28 FO0 % st Yt 5402 Helr

Table 102 Case 3(Heat source control method) Z-&of w2 WA AEH Q] ZF QU] Q@ A of | XA
& Lekdl Aolth. EoA A9 HE Case 1(Conventional method)o] B3} & Wb Al28e] A o
NG| 104% AFEE RO Uehton], oy x| ul$-L 63% FHasls AR Uehgth. ol 24 )
Fol2 uf 7|E0] vl LA Beko] o5 AA71719] 715 @ AUYSACl S e WA u 2H
stas)ol e AUs1719 grrlolet iEy Wer e, ANTHs WEe) et H Ay A Aze
Aot 2L HLHYL 0 ouin] 2mo] ZolS QeSO 4 9Igich Au)y|y|EE A
AY71719] thrlolst HH71BAAR olste] AL 7] ALgFo] 2 Boz Zrastglon], 10.7%
o] AZ&S Btk TR/ WIARHY Ao AU GG PALT 0 9ARY 0F 714 &
HhEE Eof glof ol Aol ventA) ekl Eak, B 34%, WS THI 12.1%,
YW 44.3%2 AAAE5S Uetisled, et dzo AL G971717F A Hole e8eE A%
STaEol Y44 «Sgz dAE Hoh A vehde E4S 2ow, $AY W B dddia A
oj9] FFL= U dgol A YEues 545 2T

o x| v & AHEY oz HIFEL 104%0] |2 o v]§ AL 6.3%=E A Yepd
e iAol 2 A7 F/AA 24 AA7E €971715 de 2 HEFo wet 7FAE v A de
2 AR FAY71Y oy A ARgFol & 2oz E37] gl vehd 4ol

offl M

.
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Table 10. A comparison of energy consumption for conventional method and heat source control method

Energy consumption(MWh)

Classification of equipment Case 1 Case 3 Energy consumption
(Conventional method) (Heat source control) saving rate
Heat source 925 827 10.7%
Air handing unit 21 21 0%
Fan coil unit 42 42 0%
Chilled and heating water pump 78 75 3.4%
Condenser water pump 381 335 12.1%
Cooling tower 12 7 44.3%
Total energy consumption 1,460 1,307 10.4%
Energy cost(10,000 won)
Cost Case ! Case 3 Energy cost saving rate
(Conventional method) (Heat source control)
Energy cost 13,687 12,827 860(6.3%)

Table 11-2 9FA A3t Case 22] ADAYA ]2} Case 38 LA & FAlo L3t Case 4(Combined
control method) T-&o] THE WibupA Agle] 2 Myl e oY AAEFS Le Holth HolA] A
2™ Case 1(Conventional method)o]l B3] & Wy A|2dl o] AA oA AMEFHo] 203% AL EHE AL
2 Uegow, o |AHE-2 17.9% 7”\6‘& Aoz Yehytth o|ZH4 u|FolE uf 7|Ro] Hujegx} &
o]l &3fl o]FojAE 71719 71F D LA, A EAHAAE A8 YA EY ZF AHH
AR 0|2} |2 Rate} AAZHRSlo] TE B7|79) AolE FAHeR Hget Aol 2 oA A
Hee U AL ¥ 4 Uk

Table 9~Table 1194 AHEr-S w Case 4(Combined control method)E &-831H-2 771 AlU A AE-SF
o} MISENA A 2 ALEAE el AL esten, drnge) daAs Axgse] o
g 7z - W3 A Ao|3t= Case 2(Reset control)e] & 37F G AA ]S =33t Cas

ase 3(Heat source

Table 11. A comparison of energy consumption for conventional method and combined control method

Energy consumption(MWh)

Classification of equipment Case 1 Case 4 Energy consumption
(Conventional method) (Combined control) saving rate
Heat source 925 732 20.8%
Air handing unit 21 7 68.4%
Fan coil unit 42 42 0%
Chilled and heating water pump 78 68 13.3%
Condenser water pump 381 305 19.9%
Cooling tower 12 9 26.9%
Total energy consumption 1,460 1,163 20.3%
Energy cost(10,000 won)
Cost Case : Case 4 Energy cost saving rate
(Conventional method) (Combined control)
Energy cost 13,687 11,228 2,459(17.9%)
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AT A FhPdAAdo] TEE ARG o] BedEe] Bete] AW AEA T A
@ L@L}MA@A HEReE, len, dAagenel AUl % dael 3471584, A
2A0] S0 EMSE Hgokol AIBACINE ST A /129 Aol ] oA ASEL ¥
L BAsle] hed 2e AES B 4 AT

() PAAE] PeHeE, F/ILE, YAHLES 7|20 DHUAROR £A5tAS Aonr) 325}
A7)0) et 7+ GHAE ALATE AolS ALGL uf oF 13.0%2] oA ArAEe tehdo]
o FrdgA AT QoA 1Y ARHOR Lt AnTh Helarld] vet dAwe HAs| Wt
N7 A$ iR Aol ETF YSS T 4 AN

(2) ALAu 0] 2] QoA oY EH Ramslo] Het A9 AEdSE 285, 299 75 9@
BAAZE WP YEereE B o7|Ret 2o wet A e u v|Ee] AR o
10.4%2] 1% 5L R

(3) % E A7 B3 WS nheh WA AR 7 L] AARA oo dee] 24 7%
A 2 ALAYSA ] EMSE SAl0] HE5Ae A9 71E L@y ou] oF 203%2) oy A az}
2 yehjgen], RagAlole dUA1E B8 X A7k T ghaT AL o] Yehd Aos mo}
7} Aojo] W HlAA ) 9ol &It FHEE AT Ui AL s 4+ Utk

F% AAHOE o Thokd EMSE AEo] A5 e Yol tehte faks Plstn AeEs
Aolrel 248 FURSHE ATE oo} EMS) A Aol A TRE 4 G BUAE B
Mt AT AN LY 5& T ohrE LRSS @t A7V Ao Bad Ao it
gt
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