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A Study on the Energy-Saving Equipment System

for Design of Apartment House

Jeong, Suk Woo
Advisor: Prof. Park, Kang—-Chul, Ph.d.
Department of Architectural Engineering

Graduate School of Chosun University

Environmental issues such as an energy problem, a heat island, a global
warming and carbon dioxide emissions have become a concern in the world. In
the case of energy problems, it is essential to consider measures for effective
energy consumption and develop an alternative energy because natural
resources are in danger of running out. Recently, distributed energy system as
energy saving method has been introduced in order to effectively utilize
renewable energy or unused energy. Distributed energy system based on
cogeneration system has high potential of energy saving due to utilizing waste
heat from power generator effectively. To promote application of distributed

energy system widely, optimal design method for it is needed.

In this study, we carried out a survey on realization between energy saving
and building energy systems targeting the public and performed reliability
evaluation for survey results. The survey consists of 27 questions and
reliability coefficient, Cronbach's a, for realization between energy saving and
building energy systems is 0.726. The results also shows that understanding
for terms related with sustainable buildings i1s significantly associated with

expectation for purchase of energy-saving systems. We also examined how
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energy saving buildings can be widely supplied based on realization of the
public for energy consumption in residential sector. There had a increasing
preference for energy saving buildings, realization for building energy systems
to effectively use energy was insufficient. The public was more concerned
with improvement of insulation performance than any other building energy
systems for high initial cost and hoped to invest in building energy systems
with both low CO2 emission and low initial cost. The results shows that energy
saving have been become a concern in the public. In order to widely supply
energy saving buildings, continuos education and public relations for energy

saving buildings are required.

In this study, the optimal running pattern of building equipment systems,
which is considered the type and number of equipment, capacity size, are
determined to minimize energy consumption for the cooling, heating, hot water
and electricity by MIGA. Equipment system of apartment house for minimizing
primary energy consumption considering initial and running cost is also
designed using MOGA.

The heating and cooling energy consumption in one representative family of
an objective model had a peak load while someone stays in house and heating
and cooling systems are operated. This proposed method 1is significantly
capable of determining optimal system design for saving energy in apartment
house. It has been confirmed that energy for equipment systems in apartment
house can be saved by using operation plan of building equipment systems.
The case study results showed the result distribution of pareto optimal
solutions. Since acceptable bound is determined in the result distribution in
order to investment scale for energy system or regulation by government, it is
expected that the method can provide various objective views to make

decisions among stockholders in practical design process.
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I# 15. LEED 2lZeg el HXol| we H,ist

olEad LEED Ver 2.2 LEED Ver 3.0 (2009)
— LEED Certified 26 8 40 ®
— LEED Silver 333 50 &
- LEED Gold 39 H 60 &
- LEED Platinum 52 ® 80 &

Fed AKE elE52 ¢/ LEED 20090 tigh oA+, st & &Add| k5], 2009)

i

(BEX: 1&g

Hze LEED 2279 (LEED 1.00& 1998 89l RxHom, 1 F A&%9
AES $£4< wego R LEED 2.00 20009 3¥e) ¥Es i, LEED 2.1 (20024 11
4) 3 LEED 2.2 ¥% (2005¢ 1049) o] A#l= LxE A HAIH A1 LEED 2009
(Version 3)< 2009 49¥ 27 Lx=Ach 6927Y o] A4t Z2AEE 2§
B4 ¢l LEED 2009% % =3&|of 3t}

>
>
o
iy
lo
x
A
o
frtl
—
&)
e
v
X
4
fo
&TL
N
N
N
e
o
ll
o
ofo
e
My
!
ofN md
r 2|
i
>
iy
lo
s
=
o
(m

@ B7He] 9%

LEEDE ®7ke] s Bedt A58 $RuoR TR gn A5 9y
=0
=

36) 153, WA AFE A5S A% LEED 20099 sk A+, =7 73/dn) k3], 2009

_31_



I 16. LEEDOl o3t "rte| tio| =& HE=S

Iyt m2ay =5 A= Bt 2 7B} HIoh A
AegEol AEE
New Construction(NC) Non-residential + Residential 33 UFE
HIM HFE
AMABTO HEE
Existing Buildings (EB) Non-residential + Residential 33 UFS
HSM HEE
Schools Non-residential stw HEE
Homes Residential Ch= B
Commercial Interiors HEBL dE =9 A
Core and Shell Development AE=2l 2o ¥ 2(h
Neighborhood Development HEE FHXY

(ZX: LEED Application Guides—http://www.usgbc.org)
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HE 18. CASBEES| "Itz &

Holats

I=)

Q-1
Indoor Environment

1. Noise & Acoustics

1.1 Noise

1.2 Sound insulation

1.3 Sound absorption

2. Thermal Comfort

2.1 Room temperature control

2.2 Humidity control

2.3 Type of air conditioning system

3. Lighting & lllumination

3.1 Daylighting

3.2 Anti—glare measures

3.3 lliminance level

3.4 Lighting controllability

4. Air Quality

4.1 Source control

4.2 Ventilation

4.3 Operation plan

Q-2
Quality of Service

1. Service Ability

1.1 Functionality & usability

1.2 Amenity

2. Durability & Reliability

2.1 Earthquake-resistance

2.2 Service life of components

2.3 Reliability

3. Flexibility & Adaptability

3.1 Spatial margin

3.2 Floor load margin

3.3 Adaptability of facilities

1. Preservation & certain of Biotope

Q-3 2. Townscape & Landscape
Outdoor 3.1 Attention to local character and
Environment 3. Local Characteristics & improvement of comfort
on Site Outdoor Amenity 3.2 improvement of
the thermal environment on site
1. Building thermal load
2.1 Direct use of natural energy
2. Natural energy utilization 2.2 Converted Use of renewable
energy
3.1 HVAC system
LR-1 3.2 V.entillation system
Energy 3. Efficiency in building service 3.3 Lighting system
system 3.4 How warter supply system
3.5 Elevators
3.6 Equipment for improving energy
efficiency
. . 4.1 Monitoring
4. Efficient operation 4.2 Operational management system
1.1 Water saving
1. Water resources 1.2 Rainwater & gray water
2.1 Recycled materials
-2 2.2 Timber for sustainable forestry
Resources & , 2.3 Materials with low health risks
i 2. Materials of — —
Materials 2.4 Reuse of existing building

low environmental load

structure, etc.

2.5 Reusability of
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components and materials
2.6 Use of CFCs and halons

1. Air pollution

2.1 Noise & vibration

2. Noise, vibration & odor

2.2 Odors
LR-3 3. Wind damage &
Off-site sunlight obstruction
Envirinment 4.Light pollution

5. Heat island effect
6. Load on local
infrastructure

(ZX: CASBEE Technical Manual-http://www.ibec.or.jp/CASBEE)
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364 & 484 HWgEE 604 dAHEE 704
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o
3
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7} dojol A7k BREEAM
Indusrtial?} & Aols= H 2~ 257 3 404 g5t 5574 AHAE 7048 77 o

ofof Fr}.10
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@ #7719 o

BREEAM: s7be] s 5=l B9oR sl glon, 2 Zead 37}
o2 % 199 Zrh
# 19. BREEAMOIl 2|5t &7te| tHato| == HE=
ot Z2ay =F AEo| Bl & 7|t "It A
BREEAM for Offices Non-residential Offices
Private and social housing scheme
EcoHomes Residential Flats/apartments and house
New build and major refurbishment
BREEM Retial Non-residential Retail buildings
Industrial BREEAM Non-residential Industrial buildings
BREEAM Schools Non-residential Schools
Health Buildings Non—residgntiall Hospital; — NEAT(Nation Health Service
+Residential Enviromental Assessment Tool)

Leisure complex

Courts
Bespoke BREEAM Non-residential Laboratories

Military bases

Shared accommodation etc.

40) A7, B AREASH ASAE S8l Bk A, AEAHW T AR =R, 2009



ot == =& A=l Bt 2 J[EF "ot
Sheltered homes
Bespoke EcoHomes Residential Nursing homes
Student accommodation etc.

(ZX: BREEAM The Guieance —2006 —http://www.breeam.org)
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= FY W]
a8 41, ol 4x| Hef EHI/\I’H Mo Z=ARAD
oM =l =95 Eolv BAE & F 2 9o wE ouA dof dujAdo]

A8k &S BT 1A 37.4%%2 @bl 7Md a1, I o e
o] 35.2%% AAletiL Ut 2¢HE mRZMARE @, Hgtde] w2 HE
o GdE 3eA7HA = UdEET AFE ol 89 AF 1297 Al AR =
Uehon, 39eM  20.3%E5 AA AT AT olgo] A HAZ HAEH Y&
S ¢ F otk e 1~3EHddA FIERE gHEAHI b AAZR = YEYSS
& k. 45 AdEAA(28.8%)7F SEHAAE ATE ©]8(28.8%) 3 EH LA
FEHELH24.2%) A5AA(22.7%)T o2 =2 HE&ES AATH, 659 HEud7]
(37.1%) 2L 7oA o F A% o] &9F5H90.9%) 0] 7Hd = &A1= At

THE B4 Ay gdo] /M AsEHe AuAAdR YEgen, O H2 g
o] =2 Hl&S AAGL Utk dA GEFH HFEHS B2 o] AFEortHA A
Az GAedM e @o] AFHIL HaHi glon H3H es & F Ak ATd
ogol 1, 29l Al AR FA UeRi 3l F HAE =& HE&S YE
Witk 5, HYEEd v ATEd ol ge] dEHa vk 1

2, dadA, dduslty] o2 AsHa u Adusr|= v 9 &4 6.1%=
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aE5408 AEE AL FGA7F &
olggt EAIE A7 g st WHoR A oduyA A[2~"l (Distributed
Energy System)o] =91% i glom 88) ojgjgt FAE o] A|AHE AFEA &

A wagdl 488 old A4 Fue uAE mEHoz

B AT FEFES dgoR AYATILT 2009, A4S 201009 FAA
B oldA AzEe Agstel Axge uA Ay A
Axee grdT FEFE a7HE od, 49 Fage 54 avel Al o

% S, AFEY VA AuFS A2NT F Q' WA 2R AF, $F, 0

88) R Kuzuki et al. (2008). Improving Sustainability of Building Blocks by Area-wide Use of
Decentralized Energy System, Journal of architecture and building science, All, 14(28), 497-502; K
Yuasa et al. (2007). Feasibility Study of Distributed Energy System for Apartment House, Journal of
environmental engineering, All, (621), 51-56; Y Yang et al. (2008), Economic Optimization Model for
Operation of Distributed Energy System and Case Study on Kitakyusyu Science and Research Park
in Japan, Journal of environmental engineering, AlJ, (621), 77-82.
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AUA S Hastelr] f& eSS AAT F, Multi-zone®] A48 A1t

o

=

g 8%, &8 193 GA(Genetic Algorithm) 3tetr| e 9} 7] Au|A]2~glo] A5} A
AE 9% 49 dHelHEXN ARt HFHore ARY A dadgs
(Multi-Island Genetic Algorithm: MIGA)89E o] &ato], AujA|Aglo] &A1 =3
A o I RS P Bt B i =

B AT AuA anlFe] Has 7he g 100M 2 8 T EFEd AR
Y AvA2ES AR dagFs ol &ete] AAsta, 4

see] g3t v, BAste] Agkahs AP BEAe AFeerh

HAHE 22X H dete ol Al

TRNSYS Ol
S H| Al AE S H|A AE GA Xl =2
lolg =cf parameters EI=]
| | | | | | |

1MIGA NE

89) R Ooka and K Komamura (2008). Optimal design method for building energy systems using
genetic algorithms, Building and Environment, Vol.44(7), p.p.1538-1544; H Chen, R Ooka and S Kato
(2004). Study on Optimum Arrangement of Trees for Design of Pleasant Outdoor Environment Using
Multi-Objective Genetic Algorithm (MOGA), Technical papers of annual meeting, The Society of
Heating, Air-Conditioning and Sanitary Engineers of Japan, p.p.1091-1094; H Chen, R Ooka and S
Kato (2008). Structural analysis of pareto optimal sets in multi-objective optimization —Application to
window design problem using multi-—objective genetic algorithm—, Journal of environmental
engineering, Transactions of All, p.p.283-289.
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5.1. 5 AAA 312 E(GA)S A9

Aol AsNAe waAd A45 BAS Adsts F45n50e & FREA GA
= oA AAE BA QoA FAHN'E BEHOR BAsE Po| S5, o

o] “78A” (individua) % F3star, A AHE AMA (chromosome)®E Y Z 0] %
w 7)<t GAAdAE ZF A Ao thef A A e (Selection), nH}(Crossover), &
Aol (Mutation)gh B8] & Z2tdd 93] W45 2FS WAL Z7e g glsiA

1=}
=
H739 AYEE Prrah

2oL d EA e FEAS Holw RE AR £ WA
A MIGAS o $3H9ITh MIGAE R4 $744 duelZolgtn el Hanl

o] #HA3t oy, MIGAS 7Id 19 403 #Zvh
AALE =52 A (Sub-population)ell &&star, 7} AolA =2 Arks F
T Aliebet g WA ZF A 3R] o] F(Migration)el A= WA BE usks AF7)H

h 84

o2 AAstel F A 2 Thsds B @

A
0
ro
g

g 24

a8 43. MIGAS| 7id

® aAoAe] GA ThebuE e The s o] A o7
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- 23 A7] (Population size)

GAsfA oA &AL JHAIGe] F4S dEiH, MIGACA = Z+ A JRAS
(Sub-Population)®} A 49 #& EXd 7|2 Vet

- A 4 (Number of Islands)

MIGAOI A E e 8 +5 e
seprl ot FE H Ao A 7F A 1:!
7= Ao HE HAY FHS AT 5 o,

Ao A & Fole FoRE F
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4y oz
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- Al 4= (Number of Generations)

GA®] dRbAQl Al ¢ vha3 2D
) A8 (Selection)

Zyzke] JhA e Ae=7F AME F, He kel skl JHAl fdo] dedn. A
=7t w2 AL EE vs Ave JhAe RrREA HdEYEs SEo] Fa, By g2
AL Fd g e, o fsf np F2 vt fdew Sike

2) u#) (Crossover)

Aol o) AAHE 2702 MAE FHR AAA ARE M2 wdsle] AzE )
A AR wefe aelE 2wl o] 2

3) =4 o] (Mutation)

Aelzt wagto g GAAILES o, 7] B o EAste fAAY 2F3o=
HAE o] Fo A 7] wiwell, HAME It FAAY] ARV 27 B
@7, Ade gl wwlf Foll oal] Azt I s Fot FARAE AEske d9oll= GA

o de FHE A Fevh olAE Fd] A EdwelE doTl= ol o8

—

90) J Kmimura (2001). The examination of parameter settings for distributed genetic algorithm, [F;&iit:
KEH TEgEm S, 42(2), p.p.106-127.
91) T Nagao (2000), #A3} ¢a1g]Z, Shokodo co., Ltd. (In Japanese)
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1 gk EAWelt ofd A4 FE(EAWC| L) o3 A%

o] #t}.

0_1_4

)% AlYigel By, 2 A Ul AuE sh) m Bee AAE B2 A )
Ask wBsE Aolth, Z, A el AAZE e A AnE B AL T

= ArellA s AR, AuAag B ooy A Fe ea TALsd wEk 2F 45
S} o] mdgtgity, L Aol ol &t AdS ka2 AV, HEF 3FFRE A

al
dlg o] A =81 (CGS) 2 Bl F3T A =5 (PV)o] Z42; AHg-HTh.92)
2 Aol AR Auaage] T 8l &7 F 503 2, TR, AR9| @&
[USRT], HPS ©9l&= [hp], PV w9+ [m2]2 AU ALt Z2 a3 oA] <]
o] ake] o HFEAHoRE [kwldYz b AAkgit)

2 v zde] Bash R Avlshe] BAE deE AWAsE SAFAEE O

ju!

o

W 467 Zoh AvjAsEe] vhe gl o A5 avEEs AuAsge] 282 A
ostar, AuA g EARAE 7taddd s Asta BE ALE 035 g
B2 GERAThID AnA~8 SA4E AnEe) §7, FekEg ol A wkelr] o

ol GAS 483 & HAEAN 72 Aow dddn,

92) AR: &42957](absorption refrigeration machine), TR: EJH ‘8% 7|(turbo refrigeration machine),
HP: 3]EHX(heat pump system), GB: 7}=K A& (gas boiler), CGS: Az o] A 2E(co-generation
system), PV: E|¥gu-d A28 (photovoltaic power system)

93) 7+ AuAz=Hle] dolE+= JlEg21 2 IBEC(nstitute for Building Environment and Energy
Conservation) ¢] CEC/AC AXFZE 1= o)<BECS/CEC/AC for Windows>¢] & #asgit).
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E 51, MH[A|AB0| ZF U 22
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GB kw 0 58 87 116 151 186 -
CGS kw 0 115 200 230 300 350 550
PV m2 0 100 200 300 400 500 -
1.0

l 0.8 /‘/

A ,A///

[av]

s 08/ sEmT _— 77//

o thIEV//;//

a =

S 0.4EHE2A Z

2 eI

8 —v/

g 027 234

- =T

0

0 0.2 0.4 0.6 0.8 1.0
Machine load rate [ - ]

TE 46, MBIAIAY SNTME

AR QT BEdWolg AlY 4 5o MIGA si49 98 Z4E R Ooka et al.

E 52. MIGA A=A

Size of sub—population 50
Number of islands 4
Population size 200
Number of generations 50
Total individual size 10000
Rate of crossover 1.0
Rate of mutation 0.07
Rate of migration 0.5

94) G Kayo (2009), Optimal design method for distributed energy system using genetic algorithm,
Journal of environmental engineering, AlJ, (641), 869-876.
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53. g&xE A4 9 YA K37 A

= A7olA = 1004 t/Ee seFas WdRdz AdAsdar, tx 1AhAA7}
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of
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sk Wy ol x F&EF AMe TRNSYS TYPESGG EE A
o FE 3% 72, §E 04 "HY dx AHH Fol xgHo Jde

AMeDAS(Automated Meteorological Data Acquisition System)®] %7 (Tokyo)e 7]
TxAL ALy 47,48). FA REdo|AE 0.53/he AAs7|7F o] FojA
slem, A W 2k 20 T, e ¥ 2= 28 T2 A4Sl TRNSYSE] &

Aodd doR A 2 Ak, giied $o 2AE2 1 49~ 2,
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NUiA aulF ek Y 50, 513 gor, A4 Ase AFE WulA 29 A5
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b2 @ [KW]
e
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v 35 79 114515 4719 20993
Al 2 [hr]

O 51, SAHEL(1H15)2 AlZtE o X| Hat

=8 oy A v L AH oo AHELS S Sadohara et al. ¥ K Kabata et
al.e] A A3E A5E AuA =" HASE At olyA 8 dHolHE fHEhy,
19 50, 513 ).
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o= Utk 19 F3 A" ouyA AHEFL oo 128.7 Wh/m2-h, A&l 92.6
Wh/m2-holH, $77]% °F 75 Wh/m2-h&E ZFAFE At}

54. A An|Al2®o] %3 Ay}

54.1. AnjA|2dle] A4

TRNSYSE o] &3lo] oS3 29 2 Wdd oyx] o9 AZFAbd o A4
3 92 A9 YA FoE AA 1A YA oo R At ¢ sl duyA A7t
S fI%k AnjAzdl A A S o] &t FHAH AW A" A4 F 2
T 677 ok YdFagoR 1019 TR(230 USRT)# &8Fo] thE 2t]¢] HP(16 hp,
25hp)7F AAEQ, SHdFFEoE fFo] trE 2th9 GB(151 kw, 186kw)e} #&
£59] 2t]9] HP(25hp)7F AA AT, 1919 AR(100 USRT)o] W¥E 2 299 ¥55
Edog MALAJY. FETFAE 10 GB(GS kw) 2 &3Fo] ttE 299 HP(16
hp, 10hp)7}F AR, AdgFFol|= CGSY AAQ o], PV 1tH(500 m2)7F AFEE A
t},

E 54, SN &nz|Eo| o0l o3t & MAH AMH[A|ABS| TMEFH
Yoz Yeza edza Zgz2 M@z

TR1 TR2 HP1 HP2 AR1 AR2 GB1:GB2: HP1 i HP2|GB1:GB2: HP1: HP2|CGS1.CGS2 PV1
[USRT] | [USRT] [hp] [hp] | [USRT] [USRT] |[kw] [kw] [hp]: [hp]|[kw] [kw] [hp]:[hp]| [kw] [kw] [m2]

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
230 230 8 8 100 100 58 1 58 8 8 58 58 8 8 | 115 115100
260 260 10 10 130 130 87 87 10 10| 87 87 10 : 10 | 200 : 200 : 200
320 320 13 13 160 160 116:1161 13 13 |116 116 13 | 13 | 230 230 | 300
370 370 16 16 200 200 151151 16 : 16 |151 151 16 | 16 | 300 : 300 : 400
450 450 20 20 250 250 186186, 20 20 |186:186 20 | 20 | 350 : 350 { 500

- - 25 25 - - - - 125125 - - 25251550550 -
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0 0 0 0 0 0 0 0 0 0O /l0 0 0 0] O 0 0
230 @ 230 8 8 100 = 100 | 58 58 8 8 |58 58 8 8 |115 115 100
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370 370 16 16 200 200 | 151 1561 16 | 16 |151 151} 16 A 16 | 300 A 300 : 400
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- - 25 25 - - - - 25 25| - - 126 25550 550 -
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TRNSYSel o3l dS8 AA 1xelvA Fazs vtgoz F3d os) dAg A
A 2gle] A 2 23 3 529 #rh A AAe) wugds u, Ad dAe ¥d
FHolE Bluy g0l AL 2t)e HP(10 hp)7b AHEEE dhale] ¥d 2 29 I3
&9 &%Fo] & ARo] 2tj(130 USRT) AAHAUT. &4 Fw58& 77124 54 &F9
201l GB(87 kw)®t 25 hpe] 1] HP7F MA A=, HA AAl o3 d4d 7]
71wl WA gFo] 22 Aow yehgon, ¥4 ¥ v R, BE5g Y
d Tl disiMe dd 2 2d T899 2u9 ARl 7MEHE Ao JEwth
A A 39 Fae A, vlud &3] A2 1dlo] GBeF 2ule] HP7F AAEHS
U, AEA A A, &%l & GB 1H(151 kw)et &%) & 1d1°] HP(25 hp)el
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rlo
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54.2. AR A 219 #8732

7 A4 EA1L15Y, 49159, 82159 U, &4 oy 5 oA Rl
Ao dgEe 92 e, odux Age 93 AuAzw 44 e ol g
A7 AAE AuAzge] Ad EYE 39, 99, o9 2 A48 T gF 2443

TEAE2 19 549 £t
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Al 58 &89 49, %8 16 hpol HP 1HE 7I2H o= ARgstal, 8 AHE
o] F7FskE 1741 AH-H 10 hp® HP 17 F7H4 o % 7Hs 5, Apg-gFo] 71
B2 21AE AFA 38 58 kw GB7F SAlo A= Ao YERRTHIY 54
(a). F719) FhAEAAE st sdst T/ & Au7|717h Thsol Hu,

atAleE HlasiA] e FiAor J' AREFol Frstr] wiEel] 2ol 10 hp9
2 7beE e AR YEtti(d 54 (b). A9 49, A 2 =

719 sdTd TR &% 7|77 Thso] HW, {7 AFE Rl Sk o ¥
HP 1th7} 71802 7hss s Aoz Yebgti(2d 54 (o).

A ¥E 59 A, AR YdouA] Fart AL o] & oAt &7

A& 2ule] HP(16 hp, 25 hp)7t 7FEs a1, 1 €9 Alzkdle]= 230 USRTS TR 1)

b B A Fas WEAI7IE Ao® YERRTHE 54 (d).

A DT FAAE SQAlUA Fao]l A2 134 Aol 25 hpel HP 27t 7}
THA, AAeR FaFo]l B obHI AY FHol= 2the] HPS 2tie] GB(151
kw, 186 kw) 18]3 12| AR(100 USRT)®] &Alel 7Mes+= Aoz Yebgri(1d
54(e)).
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I 56. AHAIAEH MAYHO wE ol 4X] $=E 1X}; X &H[Z H|W
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40,000

30,000

20,000

IRFOILY X A B2 [MT]

10,000

3 55. MB|AIAY

A

X-Itlaﬂ‘]i

A= M

FollAX] 282

1€ (EANEY) 0 9,231 1,238 7,357

EMMA 48 (ZZ0|HEY) 0 0 1,234 4,318
82 (A EY) 2,680 0 1,230 6,457

12(SAEY) 0 11,028 1,630 7,161

4 4 44(B27 | EY) 0 0 1,685 4,757
82 (SHAICHEY) 7,996 0 1,734 5,228
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