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SUMMARY

. Title: Research on Green Buildings based on Market Demands

. Outline of the Research Project

1.

Research Background

O The environmental problem such as climate change is becoming the most important

issue of the 21%'century throughout the world, and the increase in the CO2 emission
resulting from use of fossil fuel in particular is singled out as the major cause of global
warming and environmental pollution.

Korea not only is the sixth largest greenhouse gas emitter in the world as of 2013 but
also shows the third highest increase rate of greenhouse gas emission (136 % in
comparison to that in 1990) after China and India

Though it has been recognized up to now that what is most needed in the field of
sustainable architecture is advancement in the technologies, to apply the developed
technologies to actual buildings and supply green buildings, not only technologies but
also institutional and policy supports and business model strategies are required

Even though a technology that can materialize green buildings exists, if it is not backed
up by a policy that enables integrated design to be conducted applying the technology
to actual buildings, green building will be difficult to be materialized, and, even though
it can be materialized, if no market is formed in which green buildings can be supplied
and invigorated, green buildings will be difficult to be supplied.

Accordingly, to invigorate the green building market, the methods that not only can
foster the technology but also can increase the demand in the market should be
groped for and the policies and institutions that can support the technology and the
market should be discovered.
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Research Goals

Development of inexpensive models by green building type that comply with the
government policy (60 % and 80 % energy saving models) and development of the key
capabilities related to the processes of design, construction and operation that can
materialize them.

O Performance of a demonstration (Test-bed) project that can verify the inexpensive green

building models

O Development of a business model strategy and an invigoration technigue that can

proliferate the inexpensive green buildings.

Content of the Research to be carried out and the Output

Main Content of the Research

O Green building Test—-bed project

Performance of an empirical study on green building by constructing a test bed for a
green building prototype

Materialization of an integrated element technology model and feedback through
evaluation

Provision of the basic data required for performance of the energy target management
system in connection with domestic systems and policies

Presentation of the direction for domestic construction industry by evaluating the
performance and economic efficiency of green building through the demonstration
project, and supply promotion of the business green building models

Planning and operation of the green building demonstration project promotion program

for diffusion of the recognition for and supply of green buildings
Development of a green building prototype and development of integrated design

guidelines

Securement of the basic data through an analysis on the characteristics and element
technologies of each building type before the demonstration project

Establishment of a strategy to apply environment—friendly technologies to each building
type in an integrated way based on it, and performance of an empirical study
Presentation of a technology application prototype model for each building type and
each energy saving goal through the processes of technology verification and feedback
Development of the design guidelines and the related manual for supply and
proliferation of green buildings

Development of a technology evaluation tool for supply of the data and outputs
accumulated on the basis of the empirical study

_ix_




O Development of green construction technologies with the goal of securing the quality

of buildings

Evaluation of the element technologies, which are strategically most useful in the
aspects of economic efficiency and workability.

Analysis of the construction processes to which green technologies can be applied and
development of the construction processes on which it is reflected.

Establishment of the priorities of the green technologies that can be applied to each
major trade and selection of the highly important technologies

Preparation of the construction guidelines for each major trade and performance of the
verification works through demonstration building

Analysis of the matters that require attention while carrying out each process of green
building and development of the guidelines for construction process operation
Development of a construction management technology and a management framework
for performance materialization of green technology

Preparation of a construction manual for the study results of which verification has been
completed through the demonstration building

O Efficient operation of green buildings and development of management technology

Development of a performance evaluation tool for each stage of building design,
construction and operation that can be utilized at building takeover, maintenance and
management stages

Enhancement of the adequacy and usefulness of building performance evaluation by
developing evaluation tools taking into account the domestic and overseas certification
systems

Development of a technigue to construct a monitoring system that can effectively
evaluate building performance

Development of an operation technique that can carry out optimum operation of the
building utilizing the result obtained using the building performance evaluation tool

O Development of a green building Business model

We intend to present an optimized business plan to the end-users by establishing a
strategy to evaluate the feasibility and proliferate the commercialization of each type of
new green building and by implementing the development methodologies into an

We intend to develop the standard and guidelines for evaluation of the feasibility of the
object buildings by constructing a cost and benefit analysis model for new green
buildings reflecting the data of green technologies that can be applied to each type of
green building.

We intend to construct a green building commercialization model on which the feasibility
and evaluation result of the demonstration model are reflected by carrying out
performance monitoring the demonstration model (POSCO Green Building) and
evaluation/verification of the feasibility for the program performance result.




V. Research Result and Effects Expected

Final Result of Research

1. Green building Test—bed project
(1) IPD process development
O IPD process planning
O IPD process configuration plan
O Completion of IPD process
(2) Test-bed construction
O Test-bed planning
O Test-bed construction strategy
O Completion of Test-bed construction
O Performance of Test—bed commissioning
O Operation of Test—bed promotion exhibition hall
(3) IPD Web Platform IPD Planner
O IPD process on-scene application program

O Upgrade of IPD Web platform IPD planner

2. Integrated design process and engineering of green building
(1) Development of a green building prototype for each building type and development of
integrated design guidelines
O Analysis of energy consumption characteristics of each building type and construction of
a database
O Construction of an environment—friendly element technology database and extraction of
optimized element technologies

O Analysis of the element technology performance through simulation

(@)

Construction of integrated design process for each building type (office building)

O Post evaluation of the green building IDP project through an IDP survey and consultation
with experts

(2) Development of a tool to evaluate the energy performance at the basic design stage of
the green building integrated design process

O Development of a tool to evaluate the energy performance at the basic design stage of

the building integrated design process
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O Verification of the evaluation tool through comparative analysis of the energy
performance with the actually designed building

O Reflection of the Urban Horizontal Factor (UHF) resulting from the adjacent buildings on
the tool to evaluate the energy performance at the basic design stage

(3) Evaluation of the green building integrated design process Test-bed

O Analysis of energy consumption characteristics of each building type and construction of
a database

(4) Development of a green building integrated design process technology manual

O Technology manual of double skin to which the integrated design is applied

(5) Guidelines for the green building integrated design process

O Systematization of the guidelines for the green building integrated design process

O Construction of the guidelines for the green building integrated design process

3. Development of green construction technologies required to secure the quality of buildings

(1) Development of the green building Integrated Construction Process (ICP)

O Construction of the construction process model framework

O Configuration and content of the green construction process model

(2) Development of an integrated construction manual (process and quality control, and
environment—friendly site management) for operation of green building construction sites
and training of construction workers

O Construction of a site management manual

O Education of hands—-on workers for recognition of the necessity for green construction
and teaching of the method

O Development of a mobile-based BIM construction management application

(3) Plan to commissioning required to secure the quality of green buildings

O Investigation/analysis of institutions, laws and certifications related to commissioning

O Analysis of the examples of applying Test-bed commissioning

O Investigation and analysis of commissioning specification

O Construction of a checklist to secure the quality

4. Development of efficient green building operation and management technology
(1) Development of the green technology classification system
O Construction of a green technology classification system diagram
O Construction of performance evaluation indexes and evaluation method guidelines
(2) Monitoring/BEMS construction process
O Development of a monitoring construction process model

O Development of a BEMS construction process model
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(3) Development of BEAT (Building Energy Analysis Tool) program and application to the
Test-bed

O Building Energy Analysis Tool

O Evaluation of the test-bed using the BEAT

5. Presentation of a business plan for invigorate green buildings

(1) Development of an integrated evaluation method for sustainable and economic
efficiency of newly constructed green buildings

O Development of a method to evaluate the life cycle environment impact of buildings

O Development of a method to evaluate the improvement in the environmental value of
green buildings

O Development of a method to evaluate the local environmental impact caused by the
construction characteristics of buildings

(2) Development of a green building Integrated Value Assessment System (IVAS)

O Development of an Excel-based green building IVAS that can carry out the evaluation
on life cycle cost and life cycle environmental impact (environmental cost) of buildings

O Review on the applicability of the green building IVAS

(3) Establishment of business strategy for proliferation of newly constructed green buildings

O Analysis of the factors which have an effect on feasibility of green buildings
O Analysis of the policies and institutions related to green buildings

O Presentation of a plan to invigorate greening of newly constructed buildings

[V. Final Result of the Research

1. Research Result

1. Technical achievements

O Utilization of the newly constructed green building optimization technology

+ Developing a green building model for each building type and enabling designers and
engineers to utilize it can secure a green building with the best performance optimized in

accordance with the project characteristics

O Green Construction technology and quality inspection technology required to secure the
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quality of buildings
« Development of green building construction guidelines and management technigue and
utilization of the result as the guidance for construction engineers

« Securement of the reliability required for invigoration of the green building market by
enabling the constructed buildings to exhibit the best effect through green technologies
used for green buildings of each type and construction and operation guidelines for each
technology

O Improvement in the building energy operation efficiency through grasp of the building
energy use status

» Provision of the data related to the energy consumption level depending on the building
type and size agreed by the government, private sector and the academic circle by
making clear the influence of the energy saving technology

* A standard that can be operated in connection with the performance certification system
can be arranged by arranging the basis that can continuously check use of the building

energy through a monitoring system.

2. Economic achievements
O Reduction in the energy consumption and reduction in the building energy cost and
maintenance cost
* The predictable energy consumption and reduction in consumption are directly connected
to the economic efficiency evaluation of the building and can be utilized as the judgment
data in the activities such as finance, technology application and business across the
whole lifetime of the building including architectural design, construction, maintenance,

and remodeling

O Securement of a virtuous circle by securing economic efficiency of green buildings

* Invigoration of the green building market by developing inexpensive green building models
which are suitable for the market demand and which, at the same time, have secured
feasibility

+ Construction of a virtuous circle that enables sustainable advancement by forming an

industrial structure where all the stakeholder of green building can enjoy win—win

O Invigoration of architecture industry and creation of a growth engine of the nation
through proliferation of green buildings
* Securement of the capabilities required for development of overseas construction market

by securing the technigues of integrated design, construction and operation
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 The domestic green building market worth of about 3.7 trillion KRW which accounts for
about 5 % of the total construction market in 2008 is showing a continuously growing

trend, and is expected to grow to a market of about 78 trillion KRW in 2020.

3. Other achievements

O “Selected as one of the “Scientific Technology and Industrial Achievements 26 that graced
Korea in 2013" (May 30, 2014)
The valuable research achievement of developing environment—friendly key technologies
and integrated process for proliferation of green buildings is acknowledged and contained
in the book of the “Scientific Technology and Industrial Achievements 26 that graced
Korea in 2013” published by the NAEK (National Academy of Engineering of Korea), which
is distributed to government agencies, the National Assembly and colleges.

2. Expected effect

O Reduction in the energy consumption and building energy cost and maintenance cost
» The predictable energy consumption and reduction in consumption are directly connected
to the economic efficiency evaluation of the building and can be utilized as the judgment
data in the activities such as finance, technology application and business across the
whole lifetime of the building including architectural design, construction, maintenance,
and remodeling
O Securement of a virtuous circle by securing economic efficiency of green buildings
* Invigoration of the green building market by developing inexpensive green building models
which are suitable for the market demand and which, at the same time, have secured
feasibility
« Construction of a virtuous circle that enables sustainable advancement by forming an
industrial structure where all the stakeholders of green building can enjoy win—-win
O Invigoration of architecture industry and creation of a growth engine of the nation through
proliferation of green buildings
+ Securement of the capabilities required for development of overseas construction market
by securing the techniques of integrated design, construction and operation
* The domestic green building market worth of about 3.7 trillion KRW which accounts for
about 5 % of the total construction market in 2008 is showing a continuously growing

trend, and is expected to grow to a market of about 78 trillion KRW in 2020.
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VI. Research Result Application Plan

Application Plan

O Utilization as the guidelines for hands—on workers through application of the integrated

process

O Utilization as a communication tool between the buyer and designer through performance

verification of the environment-friendly element technologies

O Utilization for construction of green building process with the goal of securing the quality

of green technologies by utilizing the integrated design and construction process manual

O Utilization as the manual optimized for each user in green building construction sites
such as construction engineers and managers through the integrated construction

process

O The environmental cost of buildings can be evaluated and presented through the green
building commercialization model The optimal solution can be selected through the green

building integrated value evaluation system
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A=CIXQ!

~ . o . XRCIAtQ!
sustainable building material(P6) A= /COST
0l A XICI Q!
BAA 2D AA A A (Basic & Execution Project) ©HA
E 28 BAA % AARA 9
A=CI AR FECIALC! Al E/COST
- o = -HZ A = o o>
- XI/2A S H & (X2t Dol -ANZ J|I=E HH
(2L XS 5522 HF) LA XS T 2) (ST, 201R2],Z 2 X, Al &
9, CHei | = Ce gl cro1o Al 2rel)
(NFED TAE/BReE ﬂg?iéaij -2t2E A ote] LCCY

—-water conservation(P2)

—natural daylighting(P3)

ra= 1B PNge]

—-heating&cooling system(P7)

—electrical&lighting system(P8)

ASCIAtel

Al E/COST
—energy efficient building shell(P5) Al S/COST
—-management(P10)
—sustainable building material(P6) SxCIRel
—-renewable energy(P9)

Gl X CIAHR!
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(P1) (P5)
Concept Design Prelminary Design Developed Design Concept Design Preliminary Design Developed Design
(P2) (P6)
Soncet asgn Prlinivry Desin Devloped Design Concept Design Preliminary Design Developed Design
E _E o E{ Site Plan E( Energy Analysis Ef Preliminary Commissioning Report
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— . D - cop ﬁ y - O suilding Envelope =4 ?Aelesand & DesignD: report
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Green Building Goal

3. Role Players
Model

2. Contents Model 1. Abstract Model

oY 2N 2 =8

M wm w2

Strategies Role Players
o2 Y H% yy
w38 fio o= U < a4z 4% 3o 7

» ao) 349 9z
= 7o ER B AR g
Relationship
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el : BT M o B

227 B0 qig "9y B
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Iy 2-58 HAMAZE IDPe A
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2. SAMAZE EJAAZZAA T ZAAGANAY dUAAS

(2) A A 2= 7| EAAGA oUA HrE &
of ur: Tnput data 2 A

AASE 24 AL A9 dyuAdedA Tl Ak 0.25,

A AP 22 7] 2 AsEe] 150, 300, 500lux= 4 7 Sk
Wy =3 % 35k35 ASHRAE Fundamental 2009 7]Fol o] Asdloe] Aujat
5

o m=
o FEl EHRFEL SNNFE 4 ALY AFE dyuAdFAATIE 9AsI 14,
%]

¥ 2-11 =Y 71F4] 2= Input data

ENERGY USE ENERGY FLOW INPUT DATA
External solar gains | Wall property : U-values : wall 0.35, roof 0.35

Conductive gains Glazing property : SHGC: 0.419, U-values 2.85
Ventilation rate :34m3/h-person

Ventilation gains

Cooling Energy Schedule : 52, 11AI2Ham8:00 ~ pm7:00) 22
Lighting power : 6W/m2
Internal gains Dimming Control : 150lux

People : 10m2/person

Glazing property : SHGC : 0.419, U-values : 2.85
Wall property : U-values : wall 0.35, roof 0.35
Heating Energy Ventilation rate : 34m3/h-person

Ventilation loss People : 10m /person

Schedule :F=52, 1AI2H@am8:00 ~ pm7:00) 22
Visible Light Transmission : 0.815

Daylighting factor Lighting power : 6W/ m

Oimming Control

lllumination 150, 300, 500lux

Conductive loss

Lighting Energy
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Passive zone AAA%, AA%7]7F 7hsdk gtom WA ARG A W
$HH o7 ARSI F& WAL Non-Passive zone 7HF3h

S} =8 AALS} 9)7] S wWo] wrow e W2 Horizontal Zones A A3t AAsH
Passive zone #ol& H-E 7 oo 2mM = AbA st AALkgH

Wodel data
HEHAE mT 5400
E== {5} 5
E=0 im} 3
Zone 4 (i) 77

Glazing Ratio {3%)

% _ Cazel g
%Q /4 Case? 26

' %}E _" Case3 40
‘\\QQ Cased 60
Q Casas 80
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! Cocling & Lighting Cooling system Cof

System Efficiency ¢} olH=]12] Conversion FactorE 11#3}%] Primary Energy Curve® =%
___________________________ .
! Conversion 1 Heating efficiency :
Factors M Cooling system CoP =
1 '
i
GiLE R} 8 Primary
A EHoj2 Heating : Heating efficiency | Energy Curve
Eot B 1.05 . 08 i =
¥
1
|
i
1
A

o1 itofl o3t 14} O K] Z £
Energy consumption x Conversion Factors
Heating efficiency & Cooling system CoP

Prirnary Energy (MWH/m'} =
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E 671X| CaseQ| Energy Curve &= : MEX|Y

Light datum Light datum Light datum Light datum Light datum Light datum 3 24CU I'VGS
150 lux 150 lux 300 lux 300 lux 500 lux 500 lux e
Internal gain Internal gain Internal gain Internal gain Internal gain Internal gain : ngI*HWH E"; 1x|_ O'Ill-'III
15 Wini 30 Wit 15 W/ 30 W/t 15 W/t 30 Wint ; s - -
2H|ZE Lietd Q2=
v" —— South —— East/ West — North pr— Horizontal
0.25 0.25 0.25 0.25
i . 0.20 20 0.20 0.20
0.15 0.15 0.15 0.15
010 | 020 P — 10 T =t 3 20 T = —— Cooling
Nt sl — O ——— Heating
i gt 005 005 + 005 g
0.05 s 005 v L - ba i = L Lighting
0.00 0.00 00 00 + = Lt
0 20 40 60 80 100 0 20 40 60 80 100 20 0 20 40 60 80 100 — Total

BEEE
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O The Urban Horizon Factor

o TFacade?] &3 Facadeol| #A7}F A& WHalE =wole Z+%=(Urban Horizon Angle)

o A& AdUA anFE A etr] $18 B Factor

e AZAEE HYYE HASY #AAE G Fo FUlet A5 EHS HYEE A5 AR
g W §of A

e Urban Horizon Angle(UHA)¥} 4%8ko] w& v, - oux] v s BA

o 15° H¥RQl A= 2A Factor 2Z &

o 15745 AF 3 Ao W Eel e

o 40" o]Fe] AS & W&o gt

o WalE ofFo AAL FHFNA AEY F52 60" nRke] HdEol ghsl 1G9

O Atria and Sunspace

* Buffer space®Z <lgh W®l Fa} A g3 319

e Buffer space thermal energy savingS Zl2FgH & o] & Wl oYX oAl TubEs 7t
goloz AL

« 7t Z'H Buffer space®} Brae Zo] FAlsto] Separating wall®] Ho] 4H8 3

* Buffer space E} Y7} #7] wW2Ae] whel Specific thermal saving 412

O AUy &= 13} YA Al A& 9 4% G FJr}

o oA &xo W Azt 13 A A v AbE

e oUA &&= HY- ) 1) CO2 T AE AE

o oyA F3 WAV, 7t~ ) @9 FA B CO2 HAFS uHste] A A JIdS Ht

1% 2-62 6714 Case?] Energy Curve =%
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® 2-12 dYA 78 E(HA7], 7t~ T) @Y FA 9 CO2 T

Energy Types Tonnes CO2/ MWh primary
All energy types 0.24
Electricity 0.22
Gas 0.19
Coal 0.31
Qil 0.28

3 2-13 12k YA 2HF 2 CO2 A=

Net annual primary Net annual
energy consumption CO2 emission %
MWh kWh/ o ton kg/ o
Lighting 92.028 32.548 20.246 7.161 0.33
Heating 60.260 21.313 11.449 4.049 0.18
Vent & Cooling 137.314 48.585 30.209 10.684 0.49
TOTALS 289.602 102.426 61.905 21.894 100

(4) A 7122 AGA AdA B2+ & 2Hd

O dUuAd s Frtstazt sh= AxE9 7§ A9, 2= 5, ALl F&=
THHoR a7

O 3HA g F4o] &o|3t Primary Energy® U] &H| = 4b&

O 7|Z2AAEA L AUAATHE7F S Lol SEAR o] AHS ZRAL 5

Passive zone

| & MNen-Passive zone A AbH

L, HUAE2=F7t =0

: e | Ofot Et 1% LA
Atria and Sunspace — | ZHIZ ME

HUHE SEE HEH ST 27 (CO: 2ET) i'

a9 2-63 AUALTHE & 9A 0 AR ZRA
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O UCFE =4A9 43 Zt%=(Urban Horizon Angle; UHA)S 7|02 A&

1% 2-68 Urban Horizontal Angle®] 27}4] case

O Urban Horizontal Factor Chart
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2-15 15%¢ 7%E Input data

ENERGY USE ENERGY FLOW INPUT DATA
External solar gains Wall property : U-values (wall 0.35, roof 0.35)
Conductive gains Glazing property : SHGC(0.419), U-values(2.85)
o , Ventilation : 2.5 (ACH)
Cooling Energy ventilation gains Schedule : %52, 8AI2H(am8:30 ~ pm4:30)
Lighting power : 6W/m?
Internal gains Dimming Control : 150lux

People : 1.5 m/person

Glazing property : SHGC(0.419), U-values(2.85)
Wall property : U-values (wall 0.35, roof 0.35)

Conductive loss

Ventilation rate : 21.6 m3/h-person

People : 1.5 m/person

Schedule :3=52, 8AI2Ham8:30 ~ pm4:30)
Vacation : Jan, Feb, Jul, Aug (4 month)

Heating Energy
Ventilation loss

Visible Light Transmission : 0.815

o Daylighting factor Lighting power : 6W/m’
Lighting Energy Dimming Control
lllumination 150, 300 lux

5
e EnergyPlus Al &dolAS 93 nGE AS5E BAdLS FH 2 10d3F A9 X ofx
= 2 :

245%)
.« 7} zol we FuAus WA oA o fewuAe) W 0%, 20%, 40%, 60%,
80% = ol e

Glazing Ratio (%)

Casel 0%

Case2 20%
Case3 40%
Cased 60%
Case5 80%

O
] 7]

3

Rk 2w g F o U A] 4]
5 A 3 (S, dAd, Bah, 2% % 27b4 (150, 300lux), AU 4
A (20W/m?)oll 2 F 6714 Case? U537}
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04, 8 B 2 AR 3 671 Case)dl slFEHE Z7ke] EolMe] Wby & 2ol
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(5) A 7o) YA eH7F 59 KLT Method £+

O

O
O

KLT Method¥ INTRO Sheet 2719} 478 AFE 9 1S58 AFE9] YA As&
H7Fst 4 9= Sheet 270 & 4709 SheetZ A H o] &
INTRO 194 = KLT MethodA ol g s 524 Gl tiste] &UNE
INTRO 204+ KLT Method®] 74 % 74749 AR&Wiiel tiste] Awstarrol] what
oug A3 e S F A=A 2T

& AFE Sheetoll A= A9 (AL, diAd, F4b), Adx=% (150, 300, 500lux),
Ak (15, 30 W/m?)dl & -k 29 oy x| avj= 2 CO2 T o= 7
WEE AFE Sheetoll A= A9 (AL, diAd, #4b), Adlz% (150, 300lux), Auldd
(20 W/m?)oll w2 Wbk 2= o x] AuE 2 CO2 H”ﬁ%k = 75
HET NI YA HrrEL 2 JAE FTalA FE5E S JEE FHo

GeRE & 5 QRS e

A=

_‘v’u

(http://www.aired.kr/Archive/ArchiveView.aspx?mc=ARC&Archldx=7)

KLT Method “r i KLT Method
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4. 5NA%E TFEAZEZAS AF

o ERAAE HA8F olFTe 24

1) 5905E 184 847 < v

O HZAAZEY A ZaA2oA AA FAA A
A B TEEs o5} olEYRo] S

O TFAA Z2A29 7 dAGA 3
olEg gl et AA HAHES wrdst g

O 7t AA dAANA a3t 2 (Activity) 3 A5
827 iwEs A

(2) AA 27|DA Z2A2~ EES 9% A9 B

O Review and Sort : ZZA| 2~
Egz 3A4ZQ SHy s

Auele] ge

Al

2 v A
o) 37
ol 9= F= txAQl

Qa7% A4 A weFT] A8 o7 9}

Review and Sort

Review
: Literature, Existing Building

!

1. Research
: Environmental Aspect

- Thermal Comfort
- Air Hygiene

- Visual Comfort

- Acoustic Comfort

2. Research
: Architectural Aspect
(Critical Design Parameters)

- Building & Adjacent Space
- Air Cavity

- Openings

- Glazing

- Shading Device

- Active Technical Measures
- Performance

X

[ Architect ]
Building Design Process

Sample Building-Based

‘ Briefing Stage

!

Initial Studies

!

‘ Concept Design

!

‘ Preliminary Design

[ Engineer |
Performance Analysis

Focus on Ventilation Performance

: Comfort Ventilation
(For Reduce Cooling Load)

Climate Analysis

i

Check the Features of 4-Type
with Environmental Aspect

¥

Performance Analysis
(Parametric Study : CFD)
for Determining Prototype
with Architectural Aspect

]

Performance Analysis
. Building Energy Consumption

(EnergyPlus)
]
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= ol v o 5 = = 5 = :
O o]F9y A|x="l Z} F39 54 =& : 37422 = (Environmental Aspect)
£ 2-17 8449 ZWel A2 o]F 9w Azd 72 3
e
Contents Details — Tvp —
Box Type | Corridor { ShaftBox | Multi Story
All or South
Thermal Applicable Elevation (Related fo the wind direction or heating/cooling period or
Comfort location of external noise source)
Thermal Insulation Normal Normal Good Good
Limit Burlding Height X X (o} (8]
Wind and Buoyancy Effect Wind Wind Wind/Buoyancy | Wind/Buoyancy
(’,‘f’ H‘.’g’?"el Control Type of the External Openings M(fixed) M(fixed) A/M A/M
Individual control for the natural ventifation Very Good Normal Good Bad
Combined with the air-conditioning system X X o (o]
Visual Visual contact to outside and
Comfort View from outside projection Godd GOt Norieal et
External noise Normal Normal Good Very Good
Acoustic Good
Comfort | nternal noise Very Good (ﬂoorBf;}Oi:?oor) Good Badl
(Room to room)
Fire Protection| Risk of the fire protection Low Normal Low High
Floor plan of the adjacent space Divide/Open Open Divide/Open Open
Space Detail =
Usable cavity space X o X 8]
Maintenance | Maintenance Good Very Good Normal Bad
o A 3 3T ;
e AEY9 F=A el ke s el =319l 2] A 2} 2] Thermal Comfort, Air

Hygiene(Ventilation), Visual Comfort, Acoustic Comfort WA o]z Al2®2]

=
= o =35
-7 ]’ = = = = 1:1!_
= ol 5 PR I O 3 94 Ex] T= =% o] = ( : )
O ol=9y A" 7} o 54 & @ 1154 =4 (Architectural Aspect
Y - =% o] = o 29y 2EHl 7} 0 3ol Ex
2-18 AFAQ FHeA 9 o]FeT] Ax®l 7} {3 54
Critical Desi i i
rp:,imee;'rg" Contenis Box Corridor Shaft-Box Multi-Story
o) Office, Library, Residential, Office, Library, School, Public Buildings
Purposeiof huilding(space) (Private Space) (Public Space)
Building & =
Adjacent Limit Building Height N N J About 8 ~ 10 Story
Space Divide Space Divide, Open Open ‘ Divide, Open ‘ Divide, Open
Wall Properties Variable
Orientation All or South (Related to the wind direction or heating/cooling period or location of external noise source)
Depth (m) 02~07 02~15 [ 02~15 ‘ 0512
Air Cavity
Ventilation Type Natural, Mechanical, Hybrid Ventilation
Accessibility N Y N Y
S 2 2 2 2(Related to Building Height)
Numberof Openings Tor2 Tor2 2~3(Inciuded Side Opening) Tor2
Openings =
(External/ | Opening Size (m) 0.12~0.3/03~05 0.15~0.3/03~05 0.12~0.3/0.3~0.5 03~05
Internal) Opening Type (Method) Louver /Louver, Folding, Sliding, Tilt, Turn, Side hung (Variable)
Control Type (M/A) Automatic / Manual
Glazing Materials Single or Double Toughened, Tempered, Clear Glass/Low-E Coating Double Glass
Glazing Number of Layers 1~2/2
(External / Layer Thickness (mm) 6~12/12~26
Internal) I atve (Wimn2 K) 0.4~3.0
Glazing Area-to-Wall Area Ratio (%) 30~ 80, 90 /30 ~ 50 90 /30 ~ 80, 100 90/30 ~ 50, 90 90 /30~ 50, 90
Control Type(M/A) Autormatic
Shading Type Horizontal, Vertical
Device Shape Louver, Blind, Roll Blind, Curved Sheef
in Cavity [ pimension ( Wide, m) 02~05
Material Properties Aluminum, Timber, etc
At HVAC (Connected adjacent Space) Y/N ‘ N [ Y/N [ Y/N
clive
System Adjacent Space H/C Type
(Underfloor H/C, Radiant Ceiling Panel) Varigis
Natural Ventilation (%// year) up to 70 ‘ up to 78 1 up to 60 ‘ up to 70
Performance
Energy Savings (%//year) 10~ 80
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o O]9y A"l AFo| IS vAE= F2 A 24 (Critical Design Parameters)$!

ol

A& Fefel <14 F7HBuilding Form and Adjacent Space), & %&(Air Cavity), W ¢

3 7§75 " Y (Internal and External Opening Detail), W23 2o &
and External Glazing Properties), *}%%*](Shading Device)oll thal] A3 <dte} 48

A}

A L2 A2~ Aol A=7F(Architect)?] Building Design Process=
A e 9 A4 AHS EdZ XY (Engineer)7t 7} @A Al A d

d &
e Early Phase of Integrated Design Process for Double Skin Facade

EEHE Z61-

:l:’

Mr 2

=3
J

S

o

o 4% £9 2 48 b5 QU Hustel 489 5+ A=

T

e Focus on Ventilation Performance

AAUole] AL o]Feld Asg HEow A7)

O
>

A

of

ek

2452 ol WY e

7 A 57] (Comfort Ventilation)S &2 o =2

AA Z2 M| 29} o]FL Y A" AA 27|94 ZEAAS EE

| Briefing Stage | | Initial Studies Concept Design | | Preliminary Design

o P L 5 o Struclure
g rEpewBob ey (Environmental Impact) i _Systems
2 i ] 1 rdoor Comfort Condition | -Sustamable Energy
~Cost | | -LT Method | -ladoor Comfort Condition
| | Cost
|| | -Administrative Authorities
—{ - Green Goal ‘ —b| -Climate Analysis ‘ __|-Site Planning ___|-Site Planning
= PRl Landscape Landscape
- Purpose of Building —
g —{ -Building Form ‘ —-Building Form
,§ - Site SelectionandAnalysis —
-g —{ -Building Envelope ‘ —|-Building Envelope
- Building Scale —
< = —{ -Indoor Comfort Requirement ‘ -Systems
—{ - Passive Design Strategies -Sustainable Energy
—-Indoor Comfort Requirement 4
- Establishment of Purpose L -Climate Analysis Analysis without DSF
for using Double Skin Facade —»| Solar Radiation, Temperature - Minimum VentilationRate | |
i Wind Analysis - Wind Pressure Coefficient
* - Indoor Airflow
- Double Skin Facade Review ‘
a . L o - Check the Features of 4-Type
]
g | ﬂg?ﬁ:*;ﬁgﬁ:?gg?gz"g) (Environmental Aspect) —} SelectDSF Type (1 or 2Type)
§’ - Architectural Aspect with Site/ Climate Analysis 1
w Parametric Study with Architectural Aspect (CFD)
| - Determine Case each Type (1 or 2 Type)
- Natural Ventilation Rate/ Age of Air
- Airflow, Temperature Distribution (Adjacent Space, Cavity)
- -Double SkinFacade ]
Type and Design Final Decision
29 2-106 o] 59 ¥ Alad" AA x2T|dAY] ZrAA =E
S T =
THAA ZE2AL oMo F8 ISSUES Btz olw 9]y Alxd dAer ddd
=]. = = =
JE E=F5ta 715 7HArchitect) ¢t 1A Yo (Engineer) 9] Q5= st Z2F dAE
I = 3 o)
T8 ZzrAEE 4T
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A A (Green Goal) :

YA
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a3

Aol 2l wet o] F 9
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=
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DA

A% AE
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#23(Site Selection and Analysis)

=

- A& AFE 5% (Purpose of Building)
h=id]

R

(o] 913 Mgl L AH|A

s

d
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01393 Azwe] e AT

o] % A (Building Scale) :

2 AAe] Jae )
1
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- Al B Ol A= Al 9 (Passive Design Strategies) :
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| AZE 2k 80%9] oYX

ol A1 Y o] (Engineer)
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7F( Architect)
@ 7]1% %4 (Climate Analysis) :
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=

O Initial Studies :
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10.5
0
NEE
SEE

NE
SE
31

225
154.8
2.8
NNE
SSE
29

27

LIJJ_

097184])

250
200
150
100

50

Cooling Season (6,7,8,9)
327
1003
11.8
=

88w

Cooling Season(6, 7, 8, 9)
NNW 300

Sw

-4.3
0
NWW
SWw

(A2 A 2E 7]

12.3
1452
3.1
NEE
SEE
15 17

25.0
996.0
11.3
NNE
NE
SE
SSE
13

11

Intermediiate Season (4,5,10,11)

-11.8
0
NN 300

250
200
150
100
ssw

sSw

Intermediate Season(4, 5, 10, 11)

0.9

3.5

NW
Nww
sww

103.2

Z
il

1

Heating Season(12,1,2,3)

13.5
826
15.4
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S

250
200
150

100
29 2-107 A (R
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LalL
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-9
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NN 300
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Ssw
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Shaft-Box Type Multi-Story Type

29 2109 AFEERA BEY o) F 99 Alzgle] A tholo] 1

O Concept Design : Initial Studies ©@AIA JPd A A3E EYE A& I
t] 2Fel (Building Design)o] A 2tE = GHAIRZA] A& EA o we zg2 338 Yy}
olo] W& Mass Studys MAHoIe] 7|22 <] FA(LF 7157, dAF 5)& A9
st A3tet 2o JHE AAHT

* 71% 7} Architect)

O A He =74 2L AE wx] A F(Site Planning, Landscape) : A& &0 @& A&
XA G (AH & 48 1), 24 T WA Agds AA

@ A& e A& (Building Form) : Al8%F Z 2130 w2 %Y (Zonning) ¥ "~ 2~
t](Mass Study) %13

@ 7= 99 A¥(Building Envelope) : 2139 4 A(AEY, o]y Al=", Zgsju
(Prefab) ®21¢] WA &)

@ HE Tx 2 AS(Structure and Materials) @ &S A X eh= T2 ¥ vty 59 A
555 Ao wE Adst

® 29 #H2H =71 HE(ndoor Comfort Requirement) : A ¥ H &

HA Y 20 HEE EYE o5 USste=AE AW AS5EE 2 oF &4 x23(
71, T347], W] 714 HolE) s Vo2 A%

o XY o] (Engineer)

O 7z 4 HA He3v|zF HE(Minimum Ventilation Rate in Breathing Zone ; The
Breathing Zone Outdoor Airflow ; ASHRAE Standards 62.1)

@ o997t AEHA 2 FEdAY AE QU FHAT B 24 FHAT
= 58 4 2 == 71AE AA 9 Single-Sided Ventilation, Cross Ventilation, ©]% 2%

A4 7 AES

[¢) oo ™|

Ho
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Pressure Coefficient
25.0

g -
South-West Elevation
a7 2-110 $AS de) A BE B4

@ olFelust HEHA e A 2 Aol F BE BA A 47 AR S5
(0.3m/s = 05m/s ©]8h) W ol i-5 EAste] 54 Ao 7|F £ 1 o g 4

o]F9] Mxde Hgdtel A Mo A JF SEE VHAAZ 5 YEE G
@ ol 7t HEHA F& FEjellA ] 7t Ao £k EE A AW I 2 9 o 3 X

ACHL7), $3171, W] 713 dolE)S Eule Adsy] AAE F9-o] A 2= £ 24
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- Parametric Study Z3A] A @

T TAo] e oforgt
1A o2 A E ol A~y Fd s ol dFS vA= F8 A 84E
o t3t Parametric StudyE FallA F3 sk LS 244

o] o]yl Al~dle] FFF(Air Cavity), W29 7]7-% 8| d(nternal and External
Opening Detail), W23 2|2l &4 A (Internal and External Glazing Properties), X}%
2] (Shading Device)S A3+ 2 Ald S Egl2 CASEES A A3t Als 245 4

et ulmste] 243

an

[e=]

=
s, =& 9 75 RE, ojilbstera =
53] 2 CASER®=Z Hlusdte] A& CASES Z A3 Parametric Study:s T2
A AEH R e

L= O 3 Kol O Lolgl BAL 71 0.3 o) = 5
* 7 A fF & o] Aol HIAS B, LT FAS 4wl 2H 1
9m
1.26m
3 . 3 ?
S
Cavit External Mid Internal M FH N
VLY Opening Opening Opening A
e Shaft | Box ) A —
Depth | Width Height Height| Width | Width |Height AR AT s -
] pj CE— u
1 300 ] E E ),‘
I — = N — 7] ; ¥ -
2 300 | 400 = | | e, 4 —
3 500 500 - HE N |_
4 | 900 200 850 L] L] FH B | 3 )‘
= ] 7] 4, 4, gy
5 100 500 f v AT g =
— 1200 1200 N I b I_
6 (Fixed)| 400 (Fixed) = i ); .
== e — ] ] B ;
7 =200 Best =1 1 [T o - LY, -
8 | 600 550 . ! ! sifa b o ]
— Best [ i
9 | 1200 1150 ==
10 Best 200 '.’ ,
—— Best Best == 0 = 8 == ! A
11 300 B — U R -
External Facade Internal Facade Cavity Section  Cavity Section

(Shaft) (Box)

Shaft-Box Type Case

[

a3 2-112 AFZ E R A3 (Shaft-Box Type) ©] 599 A|~8le] A Case A A
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....... o e .
; - Internal T+ N A
e Cavity External Opening Opening VY V
Depth | Width | Height|Bottom| Top | Width | Height R
_1 ] 2-1 = - - RN » A\
2 1-1 | 22 [ 1. ), £
3 23 T “}
4| 21 S s e , A \
| | EEEEEEE [ [ |
6 | 900 2-3 T T e e il e AT
2 1200 21 1200 | % EEEREE N '
2 (Fixed 222 eied) AN I N
o 23 EEEEEEE] [ [ [
10 400 e i i
11 300 i i |
12 | 600 M L BN EE ES . i X
Best | Best 3 ~
13 | 1200 sost 8| e Y~ e
14 Best 400 g o )
15 300 [NIESEIEIEI EIES \ ?/ g A
o |

External Facade
Internal Facade Cavity Section Cavity Section Cavity Section
(Case1,2,3) (Case4,5,6) (Case7,8,9)

Multi-Story Type Case

¥ 2-113 t=3d (Multi-Story Type) ©] 5293 A|~€le] B4 Case A A

O Preliminary Design @ &9 A B Ul 845 AASHE GAZA ol TA oA
ARE A= JHE 72 o2 FAHAN], AFHY A E g, A AAE AYet=
Concept Design ARt o Mt AA dAt & 5 . ol A|~"S o)A
Ao A X ¥ Parametric Study g ©lolA sstA =™, F3¢ digh tedS HE
AA st dAd

o 57HArchitect) @ o] @AS FAdE HEo® dAYeolo A YEE EURE A&
X G, 99, 2 2 ARE BHAAA Yrte dA

thx] el =7 2 7HE #ix] A ¥ (Site Planning, Landscape)

=2 FE A ¥ (Building Form)

A% 99 A ¥ (Building Envelope)

A& G2 9 A= (Structure and Materials)

Au| A2l L A Aol Y #] (Active Technical Measures and Sustainable Energy) @ ©]

S99 A" AAST] 9 g ddy] Fol Au|A gl Fatol] m A= S e st

of AAF. fEvet 22 A T2 JPEe 47 938

AW #H24 27A A E(Indoor Comfort Requirement)

SNCHEENCNS

&)

o dlx]Y o] (Engineer)

@ o)A @A(Concept Design)oll Al A3 ¥ Parametric StudyS A &2 o2 Z3)5te] Aefg
FEe T8 A7 849 #4 AY4E EUE HE 24S 1Y

@ F 71A FPo] oA A AAHEHNES A, Azt Oﬂ‘/ﬂzl 2HE EAS A
AAste] AE o UA] Av S EA1ete] A S (EnergyPlus 52 dyA 4 T2

S #&8)
@ Parametric Study®l AU A] #A4S sl g d=dd 71 Ags FI& S AA-T
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. SREAE B8P otELHRY 247E MR

(1) AA 2719A Z2Al2 =S 99 A9 W

Review / Sort Integrated Design Process for Atrium on Early Phase
Review Architect Engineer
: Literature / Existing Building
l Building Design Process ‘ Performance Analysis
Review1_ Sample Building-Based et Fozus onVentilation Performance
: Environmental Aspect ~  Feedback : Comfort Ventilation
... InteractiveCycle . 4

- Thermal Comfort
- AirHygiene ‘
- Visual Comfort

- Acoustic Comfort

Briefing Stage Climate and Context Analysis

l

Environmental Features of
4 Atrium Generic Form

l

Performance Analysis
for Prototype
_ Parametric Studies : CFD

v
‘ Initial Studies

Review2

: Architectural Aspect
(Atrium Design Parameters) ‘

hid

Concept Design

- Building & Adjacent Space
- Atrium Buffer Space

- Openings

- Glazing

- Roof

- ShadingDevice S

- Ventilation mode(with separating wall) R
- Active Technical Measures

Comparison with Sample

building

% 2-114 olEd e BEAAA ZEAMs =& 9A
O Review and Sort : Z2A 2= =& & 98 olEg vy dHE Hd A9 A& AHE
EdZ 442 Suy A4 = =

_]
b -1 O

O olE g %9 Generic Formel| that E4 224 : 374 % ¢l =W (Environmental Aspect)
H E

Atrium Types

Contents Details ) Semi-
Linear Central Attached
Closed
Applicable slevation All Centre South South
Energy sfficiency Good Good Bad normal
1-2:::;:: :izr[r;a:eiﬂsuiatéaﬂ / Real Gain MNormal High Lo Normal
Condensation Normal Low High Normal
Fluctaation of terapersture Goad Good gad MNormal
Daylighting effect Good Naormal Very Good Naormal
Landscaping area Large Small Large Small

Environm i
Visual comfort 0.294 x Existence of open area connectad with strium external

ental Assessment of Opsnness arsa{n?, K1)
Aspect + 033G % Glazing areatnothing = §) + 0672
Wind induced ventilation and Wind/Buoyanc , Wind/Buoyanc | Wind/Buoyanc
Buow Hock ) Buoyancy )
voyancy effec ¥ ¥ v
. R Relstion of adjacant spacs . e .
Air Hygtene ventilation made Vary Wery tittie MNornal
Infiftration and Cold draft Normal Low High Normal
Effect of external wind condition o X O 8]
Accustic External Noise Mormal Good fad Sood
comfort Internal Noise Mormal Bad Mormal Normal
Chimate Regi fxternal climate condition effect Hot and Hot and Cold and O Hot and
Imate Region atriesm performance humid/Cold humid /Dy = ik humid
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O

olEg 3o UAnkAQl S AP FA8Y, FAIY WP E 77
Thermal comfort®} Visual comfort, Air hygiene, Acoustic comfort=WHolA 2zt 3
545 AElste] AME B4 wat 2706 1344 £33 28 A &8
Initial Studies TANIA F8sk= 7|54 &3 thA9] Contextell wef A4 F& A=
olEZ g9 FHH EA B4 29l E4J(Space Attribution)

-

FEE 04 7o 54

e

of
o

Atrium Types
Contents Details . Semi-
Linear Central Attached
Closed
Accessibls elevators and ramps in addition 1o Hiard Casy Hard Eas
stairwarys - Ed
Accessible Winged iineed fixed
The space use between alrium and adiacent Separated {Cordor + {Corador + (Corndor +
building{most) waliWindow) | Separated Separated Separated
weall) wislly wall)
Attractive view during different season Good Bad Very Good Normal
Effect of Finiches for open stairways,
Aesthetics pedﬁesiﬁ:'éan bridges, and other transitional e} X o X
spaces
Ernits ﬂgtu%‘g? light, but prevents glare and Good Cood Exreed Normal
Hght refiection
T T —
Lns:g},e requivements of plant species for o o o %
Space convort level
H i Ha Dok iat - . - N
Attributes Priarity of —eSgn Sppropliate spates Ventiation/L e Yentilation/L o
attention to lighting, ventilation, thermal iohti tighting bt Wantitation
. comtral ighling ighting
Functional / | =7
H e fexibility and sh =
Operational Accc}mnzadat ée{clhzi:tg and storage of c % o 5
furniture and eguipment
: [
Design for maintainability of hard to reach Bad Good Bad Normal
areas
Design as an informal meeting space o] i} O X
Need Specify HVAC eguipment that will
Preductive | ensure a comfortaBe and reliable X A X X
temperaturs
Risk of smoke and fire Normal High MNormal High
Secure / - SR -
Design for safety in balconies cverloaking
Safe atrialbreaking, Falling, suicide attenypis} * o © =

H2A, M4 7, &4 24 7s, B As T s3bAQ 7ol SA met

7 5 , , & A
27 AF7 @ 43 AHe] §ol

Briefing Stage @A¢] 27| 71&9] A& 5243 2A Y, Passive Design Strategyoll e}

4% §8 A9 7

AN
o
2
oH
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[o3e) = i = :
olEZ] &2 Geometry ¥4 : 5 A& % =1 (Architectural Aspect)
3T o o = 3 =
x 2 olERE F¥Y U5 AgH 54
i Atrium Types
Benign Contents = yP =
parameters Linear [ Central | Attached | Semi-Closed
Glazing Maternals Single or Double toughened, tempered, dlear glass / Low-e coating double glass
Glazing Transparsnt to opaqus area ratiof%) 30~100 ] 95300 | 50~ 100 [ 80~100

i T 10-15
Separated wall glazing ratic{%} 4060
Size(mZ} 0.5~2m2 each teval floor / size of lower and high level openings of 2m2 the difference

high outlet te inlet high outlet to inlet Uemer . . high outlet to inlet
. et st K I O . jpper s medium size . e
inlet and outlst Ratio opening ar2s vetio {=nj _ | opening area ratic (T-n) _ 1’ . Sufficienth il opening ares ralio (Ionj _
. Tropicat Teopical cwer : Sufiiciently smal Tropicat
Opening
Location{m} 0.6, L2m 7 1.2m is more efficient in average temperature
Separated wall opening ratic(%; 30%~50% of Glazing area
Sepaiated wall opening Locationtm} 0~06 - cold weather / L3~ - het weather
Wall fo reof void area Sufficiently high of 2.5m
Roof Shapa / Angle Depends on the ventilation and daylighting analysis 7 §%or ventifation], 5'{for daylighting)
00

Using PY arrays

Efficient | Limited | Newalylimied | Limited

Atrium size
(for the Buoyancy

effect)

) Optional / 3~5m below glazed roolfor hetter lighting and thermal in atrium. cccasionally 1.5m deep roof

Overhangs
= cverhangs are used,
External area to volume ratiof%) 15% E 2% [ 17~80% | G~52%
30--33% of total building Length / SAR = Height/Width = I~2{central), 2~3ilincas} / PAR = Width/Depth =
Length o
b 3.3~04
Depth 35~60% of total building Depth
Helghtim Z4m floor to Hoor height for office / sulficient height is need in hot/hurmid region / Adding 1m of the height
]

increase of 0.043m: of the atrium size

Solar chimney Applicable location Double iii:t;agade n Not Solar chimney = Atrium Mot
Thermal mass Applicable lscation Floor and Separated wall Not Separated wall Not
Wind induced ventilation & X A a
mode | Buoyancy diven ventilation G e e o
Possibiel Sofar assisted ventilation a X O a
Night ventilation o] Q 8 o]
Hybrid ventilation FCU(office) + NV Q 8] o] o}
(Possibie} Thermal labyrinth o] ks O X
Concept Design ©A2] 71243l olEgs Afs AF 4 CASEE 2As7] &oldt
% 4datn fuEs e BAsd e
Z7] GARA o}ERF] Fo], F Zold W 4
AAd@r] As Fe AT N A7) A 24 Fa
@) £2¢ 9% G A% O B4 g
g Frel PR Aol e @7 4 BH Fn
dd olEdw FHAEA ZEAL B
%7] tlx}el @AE Briefing stageoll 4] Preliminary Design A2 &
71 IDPY] Issues olEE % A1gS 93 Issue % AH A

A A5

she} ol

Ayejel garEd We e

=1
=

g3 wA AA

GAE 24 Y837 g3 ©E Flow chart ZHA
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Briefing Stage Initial Studies Concept Design Preliminary Design

_ Site Plaaming

Landscape
k3] _
3 ity
= ) -
_v_;' _ Systems
_ Renewable Energy _ Sustainable Energy
_ _ Co _Cost
_ Cost _ LT Methad _ inda and it
—| Energy Reduction / Passive Goal ‘ —b{ _ Climate Analysis ‘ | _Stte Planning - Landscape ‘ ‘ _ Sz Planning - Landscaps |
Buiding Purpose Site Analysis —Bulding Envelope | _ Building Envelope _ Openin
E | L l = = }_ ‘ “Iniial glazing rafio and opening [ il el |
:‘é | _ Ste Selection / Context Analysis _| _ Building Zoning ‘ ‘ _ Systems / Sustanable Energy |
N
< | — Building Scale —| _ Ventilaion Requirement ‘ ‘ _ Ventilation Requirement |4--
—| Passive Design Strategies ‘ —l _ Building Mass Piarl Process ‘4— ‘ _ Building Zoning |
Satisfaction?
: : _ Climate Analysis _ Review of Concept
Ly *gzt:;gg:g;wjgg gle .|~ SolarRadiation | ‘ _ Literature Review of Atrium Opening | |
= A - Outdoor Temperattire and CFD Simulation
ltem Selection: ATRIUM - Wind Velocity/ Dirsclion | _ External Wind Ffow Pattern ‘ ‘lv
a T l l | S dhain oot sion Mode ‘ ‘ _ Improve ventlation performance: }
i ie - Roof Design
Q _ Alrium Review . ]
= (Literature./ Existing Building) _ Checkthe an:ronmenta! Features | _ Afrium Type/ onﬂnmm ‘
E‘. ] - Environmental Aspect 0{4 G_enenc o - «
.—s - Architectural Aspect e e b analioh : _ Literature Review of Atrium Size . i
' l i for Case establishment and analysis _ Seasonal Opening Strategies
: l CFD Anaysis l
1st Afrium Type Selection _ Selection of Afrium Size
: - Height, Width, Depth _ iriegrated Venfiation stategy
Atrzm — Office — Double skinfagade
| _ Detailed air flow analysis
[} 31O ol S =
a9 2-115 olEY R AFE A% TPAHA ZRAL =F

Briefing Stage

Z2AE uUA A BEE DA A% fAE AForA oled g HFA

£ ddsh= @A
Ao wal AsS

sho] 12 Q1 Fd A

A7 (Architect)

o=l Az & A B E¥ A (Energy Reduction / Passive Goal)

AL dux A 57 40% G5 93 AR 24 AR

AE9 A8 &4 44 (Building Purpose)

AES 93 e H FAV SE H1E, Q9 HE olEYE A&

A A L A" AE FE2X(Site Selection / Context Analysis)

A T Ador FH AdE5s 8 $4% HAls A ContextitA]

=29 5 24 (Building Scale)

355 TR 92~ AE AR old wE olEYR A 7E AA

ol A Y o] (Engineer)

olEd] w9 X3 FH A (Atrium Purpose / Advantages)

A7 E B3 Ay 834 24 D YA AR 7HeA
olEd 29 M3l A = Atd EA(Atrium Review)
olEE &9 F3d sH A Comfort2=Hy A% EA 24
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Briefing Stage

AEMRAE S ¢ Prowigee iy Medsar Seeciicanzesy

—{ Erery ReduoionGel | o 380K yr
| ‘
|
\

& - Bukding Fpose ‘ Energy Reduction Goal 0% (192KHR y1)

] 2 - = |

d _ Site Selection / Context Analysis [—

.§; e b‘ - Uffice and Residential Buitding for Research F
_ Building Scale -

< i I N

- - = : B Location: 162-1, Songdo-Dong, Yeonsu-Gy, Incheon
—} Sec e +-* - Site Arsa: 3,966 4m7

- - Regicnal Character : University Masler Plan
; -l - Origntation: South-West{38 From West) —
_ Establishment of Using Purpose - Urben Context/ Densily : Suburban, Flatland
—+ _ Advantages of Afrium —
> ltem Selection: ATRIUM ; B 5
Building Coverage Ratio 40-50%
E
: 143%
! Il (Cffice - 100% Residentiai £3%)
_ Atrium Review f Building Story 3~5Stories
(Literature / Exising Bulding) :
— Environmental Aspect '_E j . i o i
- Arohiteotural Aspect ! - Space Altribute : Amenity, Accessibilify, Aesthelivs, elc..
- Thermal bufferzone: Reduce Heating L cad{Heal Loss) y Need Performance Analysis of
E | - Comfort Ventitation : Reduce Cooling Load(Summer) | Naturaf Ventilation for Atrium Design
|  Passive Cooling StrategiesiNA/ hods)
i
Ef - Atrium Type Seiection {initia! Studies / Concept Design}
“————| - Esiablishment of Cases for Appropriate Gecmetries
] : {Concept/Prefiminary Design)

19 2-116 Briefing Staget¥rAlol A o] oJALAA

Initial Stage
71%iA0] Fo WEow A WEH diA] 58S nHd 1442 olEdw #3 A% W
715 7FH( Architect)
713 %2 (Climate Analysis)
A7 e XYool 7]%2A dHolH & vtgow A7 waks A4
o %] ¥4 (Site Analysis)
T AE % 2 =2 9, A 443} Master—plan &4
ol 2] 1 o] (Engineer)
71321 (Climate Analysis)
A7) 3 AR DAL, &7, 2 F3Fe g A4 38
74 S olEgl R ¥ 54 (Check the Environmental Features)
71 %A 3 A Context 54 & Ads 43 7 24 219
1=

I X~
i

1214 olEdw 3 A¥(1st Atrium Type Selection)
FAA U A5 FHE 79, AgH FHe EAAES A9 71$x7, Context2}
A#dAo] A 1234 §8 24 - Ay, TAHAY o=
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Initial Studies Heai;irzrg Sze;son Inrem:legi?;eﬁeason Coo!gig g&;asan
Contents/ S (| 1:2,3) (4.5,10,11) (6.7.8.9)
#Max [Average| Min fax (Average| Min Meax Averagsl Min
*{ — Climate Analysis \ ; Outdoor Temperature () | 135 | 09 | -11.8 | 250 | 123 | 43 327 | 225 | 105
t ‘ _ Site Analysis }— Solar Radiation (W/m’) 826 | 1032 +] 898.0 ¢ 1452 g 1003 | 154.8 0
_g Wind Velocity (m/s) 154 35 [+] 11.3 3.1 ¢ 11.8 2.8 [
E' Main Wind Direction AN s s
Thermal Gomfort

- Heating / Coaling/intermediate Seasen (Temperate Ciimate) 2 Low Fluctuation of Temperature 3 Linear/Central
- Low Transmittance of Solar Radiationin Summer = All Type Except Attached typs

VisualComfort{Aesthetic/ Dayiighting)

_ Climate Analysis - ;
- Solir Radiion - Dayfighting effect 2 Linear/ Attachedibut thermally bad)

"1 - Outdoor Temperature - Landscaping atea = Linear / Altached{but thermally bad}

- Wind Velocity/ Direction

l + Air Hygiene { Natura! Ventilation}
a : - Limited Buiiding Height (3~5) 3 {ack of stack ventilation to confrof heat gain andioss = both ventiiationmede >
§ _ Checkthe Environmental Features Cross ventilationand Stack ventifation > Linear/ Centrai{not directly inducedio office area}
IS of 4 Genenc Form Rati
§ with Site / Climate Analysis « Acoustic Comforf: Semi-ciosed fype isthe best but not be consideredin this research
G l ; ~
1st Atiium Type Selection Linear / Central Type

19 2-117 Initial Studies©Alol A 9] oJALA A

Concept Design

AAAS A% YRS 35 GAZA Initial Studies @A19] 71 FEA ZA3pE nigt
o2 Ags Ao & =
12 o8 MElE ofEg
E EHE HIFHom A
CASE #4135 133

7A=71e] Mass Study$} t &0 olE7] &2 Geometryoll that xSty A HAo] o] F
oz oF 3

A% 7F Architect) © Site Pland Wit AEE wlgoz 7|22 AL Scaled A743tal
a9 we vja 2HUE ddgss A L =
Yool Al 87 & 5. T8 A A5 F Al FAAnE EEste o
th A =7 A & (Site Planning - Landscape)

A w2 YAy =74 A9

A% 93] A ¥ (Building Envelope)

Azo] wjzef 93 fxpel 38y, iefAl FHAn A4

AE WH A% (Building Zoning)

olEg g o Wi Hardl 2 Q1H %] Zoning B FHAAH] 4AA

A #H 4 = (Indoor Comfort Requirement)

T3s T A4S == ¢ 7] HY S A dd 2 54 AE

AE w2~ YAl Z 2 A 2~ (Building Mass Design Process)

olEd o 3 #d e w2 HARl T3

o
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®

Concept Design

Site Planning - Landscape

_ Buiiding Envelops
indial glazing raic and opeaing

Linear Atrium

Central Arium

Main Ventilation Mode

i summer (Cverhezling)

Cross and Buoyancy Ventilation possible.

Tt

Architect

‘enaion Requirement

B
‘ _ Buiding Zoning
L
|

_ Buiding Mass Plan Process

-

Review of Cancept

External Wind Flow Pattern

Main Venilation Mode

_ Atrium Type / Onientafion

RE
B
C
=

_ Lierature Review of Amum Sze ;
for Gase eslablshment and analysis

_ Selecicn of Ainum Sze
Heght, Width, Depth

‘ _ Detafied ai fow analysis

ol %] Y o] (Engineer) :
ks
o].E g] [

T e

ar|E

wAle WA

i

A=
I
a=

Thermaily less critical because ofstrong cross ventiation.
L3

Hain Ventilation Mode-
Buoyancy Ventilatien? Cross ventiaton depending on design.
In summes {Overbealing)

Danger of overhaatingin e upper sloreys

{Hat & Humid Climate Region} >

Cross Yentilafien+ Buoyane

Winter

Mass with Central Atrium SupimedRtemedite Winter
A
N &
‘ge
S
13 2-118 Concept Design ©A ol A 2] AL 3 ZZA
Zhell 9]d Fd %= Massol A&+ olEZw 3 4
W5 Zoning tiEF4Ql FAARE HHd st v A&

A4

Initial Studies Aol A 2

fEElE £ L G

MdA ol

O

—_

e g
ol 2] ol
2l s

f

-

E

p

=

=

lx:o]

v} o 2 Passive
fde AFdom Adsy Asdon 4%

3L

2h

* o

to g «lg

e

o)

14

&7

2 (Atrium

S AAANE FAL 28

|
Concept Analysis)

A4 E FIHA

3

(¢}

3

R4

of tjgt 7iyd
A (Atrium Type / Orientation)
A 543 i 299 7133137 Site 549

=} O
By

a7

TWE

RN

o] 4 (Atrium Parametric Study_Width, Depth)
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Concept Design

—{ _ Site Planning - Landscape

Step 1. Literature Review of Linear Atrium Size (Dayiighting Aspect)

- Atriuen Widih : 30~35% of Total Bullding Width
- Atrium Height - Widthx 2-3
- At Depth: Width/0.3-0.4
4. The Iof {the Alfum
s of &iusm Budings

fine Butdls

22 Trapics,

¢Desigr Pringi

Width : m{33%o0f tolal Widith}

Height : 25m{Wx2.8}
Depthr. 35m{¥#0.3)
§ | T
§ * Initial glazing ratic and opening ] _— ‘ /
% —{ _ Building Zoning i = = ‘ | =
<
Veriia e
‘ - Ventiaion Requirement Step 2 LiteratureReview of Linear Atrjum Opening and Analysis
—{ _ Building Mass Plan Process 1. Opening Location : Each levei of flocr for seasonal operafion
= Secure the Ventilation Performance and Operation Management side
‘ _ Review of Concept ‘ =g F_ ‘
‘ _ External Wind Flow Paltern ‘ : R — —
|| _ thain Vertiaion bode |
‘ Aot Tvpe { Crieriaion ‘ | - Simulation Condition- 2. Appropriats Opening Size | 0.5-2m? for Nalural ventiation
5 - AT TEpe f ne : 1. Cooting Season - High outlet fo infet opening erea: 2nf the difforence{Outiet infef)
i e : 2. Full-pressured ventiation
E D rciiie eicw of Alim e {Whole Qpen} by Architect: 2.4m? {6m x 0.4m) - Atriusm Ventilation rate
% for Case establishmentand analysis | : ok
L] CFD Analysis ; CASE Il Aorgf:""”g Ope‘;.‘,"ze;rea
_ Selection of Afrium Size : 1 2 dme 2 4m#
 Height, Width, Depth '
2 2.0nF 2.4n?
: 3 1.5mR 2.4m7
‘ _ Detailed ar fow analysis ‘ 5 ot S an?
Case? Casz2 Cased Case 4
. o .
13 2-119 Concept Design ©HAo A 9] olEg]e 7] & JF-H A8 ZEA 2~
1= . o) At o B O IS
Test-bed £4] : B¢ Z2ZA 2o e} Test-bed? ol S BA4& =33

71E ATuE

AT el AAR 4P ohEel g 2E B

- olEg e AY| ¥ EolE AASA Hi Ui 2dS AA
- AE

7 EEl QR ensg AW Al ATHE MAGALH 4§ ATEE Fol A
1S S dgstA AAs=E §

- MFEE A7l £ 24 A9 2m2 oS gtEstojof &t o] wat Q1Y 9.3 9
MAEet FLAAS 771 A8l 24m2e] AV E e Fwe AASESE 3

- ZAAZVE FF357] 9@l A= Outlet Opening®] A71E ¢ AA st Aol Adsirta
Lol A Bl o AR o 7] Fe] MRS et sdd A2 TRl sk Ao
fre]shebal wek

- R A7)l ik Hxple] mA= 3] A Eue d7)dE 7] 23 §hgste
g ol wet A% des EAskeE Aol EHA
s10] 7%

- olEgE WF 7R 5 +A A 7159 dg o]yl o3& Cross Ventilation & 77}
AzE oL olEe g A FFI 2 ARl 7IF7F A E f] W A8 SHoA
PR

- weba defHolE o] X5 WAt oF & 1o whe} A G e &) B d
A MAE 7 A
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Step 3. Atrium Air Flow Anzlysis

—| _Buiding Zoning

| _ Yenfilgion Requirement

Architect

— _ Buiding Mass Plan Process

_ Alrium Ventilation rats | 18.6AGH Velocity(m!s }
_ Problem . Elevater is blocking air flow of active zone n_e &'% 38 14 5
{main wind directionduring Natural ventiiation period is §)

| _ Review of Concept

| _ External Wind Flow Patter

| _ Alrum Type / Orisntghon

_ Literature Review of Ainum Size

|
|
| _ Main Ventlaton Mode ‘
\
for Case establishmentand analysis ‘

CFD Analysis

_ Selection of Atrium Size :
- Height, Width, Depth :

; _ Atrium Ventifationrate - 23. TACH
| _ Detaiied air fiow analysts ‘ : _ Solufion ! Need to change the elevafor position
‘ {main wind direction during Netural ventlation perfod is 8}

=i
[ol
ali
i)
Mo
2
ol
S
1

13 2-120 Concept Design ©HAlol A o] olE &S U5 7]

O Preliminary Design

- AE2] Passive? ¢l t]z}Ql = A= @P@{s}b c} ]i/q = ﬂ]g 7o w o
AR o} ofEYH B 01%94549}

- Concept Design ©A9] dgFAQl A
gk geEdgt FHAnE 443

- Adg] SdskE f8 <l I AAE otEY R AFH AgH i AP

M5 YAl mE AR s EAste HASE G4

7% 7} Architects)

@O WA =7 A ¥ (Site Planning - Landscape)

- gH Y A= 24 AY 3

@ HE w2 Al EZE A 2~ (Building Mass Design Process)

- olEYFH AFH wix tAelE A

Q@ AE 29 A ¥ (Building Envelope)

- olEg o FHAH g HFAQ AFTY FAEY ¥ fAl wA

@ A"l =2 A &7H53 oy A A E(System / Sustainable Energy)

- A& HVAC &%F 2P 4] oy 4 3 A&7ksd ek 74

® A # 4 =(Indoor Comfort Requirement)

- olEY 3 AP AW HAAE TE A

I
-3
>,
wm
[
)
o]
QO
Y
joy
9
QO
0Q
=
e8]
=
2 |
o,
o)
o
e
(g
_IZi
2,

mZi
s, O
N
N,
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A=A U (Engineer) @ = A7 Ao g NT7F W4 L YA wE 3| F
TAS A&Ast F7HA0 A G AgS WAaE

olEg] &9 /7% A (Atrium Parametric Study_Opening)

olEFRo AAZY] e Fuststr] g TR A7) 2 fAe mE AE 3]
S B oolEY R AP T Ee VI FEE 4

ol -g3+e] Ji+4- Al ¥ (Separating wall Opening)

A F ko] Separating wall®] g 1A W& AF 7] 3¢ L AU &9 7]
HEE BASY H4 37 d5s 7= AE digk vh-d

olEd] w2 A5 A ¥ (Atrium Parametric Study_Roof)

2443715 HE S A7 ARduds g3t 5 e A5 Fde e TdAS
LA} A #AV8lg 9 TR EXE A
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Pressure (Pa)

o My EAA TEHs mdy ARz ymwlS woddle] o] F9lu o}l olEw S
EAA Z2AA 247 E Rl :ﬂ-%@—
Jol ~EHE 2

o] o] Felu e ofETFo] EEH U
J

R
g AR s W oolue U anEel 44 3

AA ZEAEE 25

B2 & vAA H

AAY = FEFEA Z2AL oA Az Feol tit AY 8 ofyet N,
b Soll gk FAIARD Wgetel I FEA Q] Aol Hadt
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5. SMASE TFEA ZEAZL o=l

A\
-
oft
ot
e
X,
[
t
X,
[
_\Il_,
5
[
K
S,
lo
__}.I_rll
N
ot

O TFAA L2 A 20 tigt 2d& F+=53617] 93] 4714 layer modelS A -85}
Z2AAE AA S g
O ZAAFESY A2 FHststr] fsk AA9 dAYolgle] §3 md S F58le] A

= d

woke] AFHEAA FAAA AHS AA
O 7+ A A (Briefing stage, Initial Studies, Concept Design, Preliminary Design,
Developed Design, Detailed Design)oll wz} 7442 A3ES A A ste] AAGA &

Yeka E A

(2) Abstract Model

O AAGA ¥ ExE dAs7] ¢13 4= Main Activitye] 4 #A1S v %3 Process
Model

O 319 Main Activity &5 % HwW =2 Main ActivityS 3% 948 =
Main Activitye} #HE AF A F(Sub-activity) &+

i =<l

o
J

Process Example
g e preere e -
= . Energy Gost
- B = B = B [=] Define the | Reduction
. =] . | B - B Goals [
S o I
ol e [ LR et R - Fon Building |
=== =x . s
a =] =] - i Reduction of
B B — B = il EnVironmental
—— = = == | Building Impact on Gite
SMEAZS WY YYS o Hig ER o2 oy

19 2-123 Abstract Model

- 140 -



(3) Contents Model

O Activity <

O Strategies :

O Element :

O Evwvaluation :

e A% A= 227, W SR A HEE A 2d
Activity 3 d=fy Add W8S dAERE Ay

HAAEE N ek e 94vE d B4 2 nAgs dAEE
A d dik F7F WS Energy, LCA, LEED Credit &% A3}

= - - =z ! L i
%L‘ 7 s i e - : . . ~-W
U = 20 = = - 0 .
Simon - 2 LTI ST e b
FIL . - - . '7”' :_ TS &S - ‘
.“ — 2k - ik Y T - (4 ) :
T i i 8 it
! - " = LLTE
= L , H — v WE
YR [ : - mE |-
- | ¢f £
=5 cam s nE B =9 - r B
e S i
=== ) = |3 E = =
U= = = =]

Strategies

c
o
=2
]
©
=
it

O
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g BH3

D RIBA Plan of Work 20130
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2, Ao AP 55 v
o T M BRI V2502 83U A (stages 077)S, AZFH02 87/ &7 +
A H-(tasks)Z TAE. 3] FQ ¢gFE RE ZRAE TEORE HLHE 1AY
of ZRAE A FEA2) Foll wet AEAFlo] A= 54 dFE TR E.
o A FA= Stage2(concept design)HF-El AlFHEFS FH|sl7] fste] T2 A Eo] s}
™ Stage6(handover & close out)oll A o]# Ao ¥3d JFF33 AFALFA 9
ANSAEE #e/THe ZRAE Fod s TR

1) http://www.ribaplanofwork.com

2) FH G M = QZ}LE#(De&gn and Build)7} 40%4 =2 F%53s 5 Uy ZRAE dhpub o] theksix|al 9o
o, ool thg3ty] ko] WYTeAs Rdr W3lsu ¢tk RIBA Plan of Work 20078 Aol duhA|zA
production information, tender documentation, tender actione X3F3F 119A|R oY, 20132 o33 dAES
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No. E& =7(Site Restoration)
SH - MAX(habitat) M3 ¥ 4204 (biodiversity) S8 S 916t & E X =&
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Soil Criterion | Restorabion to reference soil condiions Requred
1 | Organic Amend soils with mature, stable compostmaterial YES
Matter suchthattop 12 mches (300 mm) of soil (at
minir) contam atleast 3% organic matter or
orgamic matter depth are comparable to site’s
reference soil
2 | Compacton Ensure bulk densities within 100% ofroot zone, YES
defined as mumumum of 12 mches (300 mm)m depth
OF. depth comparable to site’s reference soil
3 | Infiltration Achieve infiltration rates (incheshour) or saturated YES
rate hydraulic conductivity {millimeters/second)
comparable to site’s reference soil
4 | Biclogical Establish capacity ofbiotic conumunity to
fiuncton decompose organic matter and release mineral (plant
available) mitrogen; potentially minerahzable
nitrogen is used as proxy
5 | Chemisty MatchpH, cation-exchange capadty, and nutrient
profiles of original undisturbed soil or site’s
reference soil; salinity must be suitable for
regionally appropriate vegetation
Air trilling can be used around existing The subsurface tree protection system at
tress and shrubs because it will not Trees Atlanta project (Source: Trees Atlanta,
damaged the root systems (Photo Credit: ~ GA)
Ed Gilman, UF-IFAS)
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Al S AL
a8
Interface Test
Repor t

HZ=I| Test Report

J121 A& A= A (FAT)
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1. OISIIE0 2Rt BEMS2l F7xAH HE U
=
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2) A

2-1.BEMS =8 &Y
2-1-1. Data £=2& &0t =& (Interface Z &)
nput Output

1. AIAEY OIEHHOIA HEA

1. SAOR2 FELl= AAE 2IAE - s UaHe, Mgz oFHHolA 2y A
2l

1. BAS(KISHN) A=

2. FAAHE

3. 3'rd Party

2-1-2. BEMS =™ &H

nput Output
1. BEMS AAIZF 2ZAIE S (BEMS M, BAS =
&h)
_ _ 2. BEMS 824 AHEAM

1. BEMSE A=A 2IAE(1-3-3&X) o _
- HIOIYZE, A2 8sdEIte=, J|IAdsE

2. dsIl HAA LHE M (1-3-3&X)
b gts, ZEES g5

3. BASE=OH
3. BAS % BEMS HSZ= (£ CO0l0i1¥,
System Configuration)
4, BENS EHEM(EH, AEM, LHHEA)

1. 2H ZOE AXHUHEN =HS

2. 85 =4 HEAMN &Y
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Output

1. AIAED SIEHHIOIA HEM(2-1-1&3X)

CIOIH oS HEAM (2208 ZAHM,

ols

1. OOIH & HEAM (ZE208 &AM, 83 JIs It

2. 0B = HEA

2-2-2. 24 Eot gdY &

Input Output
1. S0 AA (S, BEMS)
2. HUlgEx (ZHIHE) 1. EPI 24 &It HEAM
3. EPI &8 S5
1. &2 THEt
2. =& OOl &5 Yot
2-2-3. HOoi2d L& HAH(EMS JIs 2E)
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1. H& Jissgt eMsdls &2

1. DDC HSHE M

2. J1J1E ENS 28 HEAM
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[nput Output
2=HlE WS A
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3-3. AI2H

3-3-1. &% HAE

nput

Output

1. BEMSE HI=E clAE(1-3-3&=X)

1. HIEJ| Test Report
2. J191 A&l = A (FAT)

1. Field Device, DDC, 3rd Party

3. HOIEHEE Z&EA

a7 2-157 A&7] Test Report
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2. AKXl Flow Chart
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Data Collection : Building Operation, Weather, Eguipment

<
< e
n

Non HVAC
Part A Compare Equipment capacity Lighting
Efevator

Part B Calculate HVAC peak demand Domestic hot water

House Pump

Part C Calculate HVAC Average Consumption Office Equipment

~ =

Annual Energy Summary

19 2-169 BEAT Program®] T4

D 47}A] Category® Data F+H

C ®

Building Data : &9 W4, Eo] Fx EAX(U-value, SC, Thickness &), 2AW717],
AN o 712 AR 49 2 Zone ¢

Equipment Data : 71&¢] HVAC System ¥ X (FCU, Pump, Chiller, Cooling Tower, Supply

Fan 5)2F Non-HVAC System ¥ X (lighting, Elevator 5)5H 2 949

Weather Data : Bin weather datag &3l 33 A 7% sy 4 2 AA  7]7]
&% FAo] bt =l TR BAAME, tid, o7 5)9 30d
tlol8 o] Fgk A

Operation Methods : 71&2] ARgell QlojA] A/MAA AlZE B

L= 5 AIRRS AAskar HVAC
System, Non-HVAC System 48 o|4=#] A

e f1RE AR &g AR A%

S

AL AQyA 4

Part A_Equipment Capacity

Data Y€ &3 2 dHolHE 7|Ho= st 3

|F AL FetaF ALE Sl 4 Eo Zas 779 &EFS

= AA AAE 71719 &7 FHd Fekd
d

STEE 71719 &%)

3
=, &% HuE FaA dEd A" 7|7l AHEA
GulE R SAC A A BRT F AS
Part B_Peak Demand

Peak Demandt &9 FHWl olyA] Anj&Ex oyxlel A LMol o=
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Demand’} tt2™ Qo] @by

A= A duAe 73] #AE o]&ste] Peak DemandEs Al4tstil 7E 9
Wbk A2 58 Profile point2 o] -&8to] Wb o] 394 =8t YW Peak
Demand€ 7% + U+

Peak Demandoll webAd dEolvq=] H]§o] 50%7HA ztold 4 lom uwebA, Peak
Demand ¥l H-&4 ¢l SHA wi-¢- T3 224 Hefsojof 3

O Part C_Average Consumption

o 7t He odyA AMFS EEete GAIERA AATIR v AAd7Izre] ey
M S Yol AN

o A= 9 =AE Vxsho] Aan| o] WEkstA H

j=]
e AL AHA 7EAHE JHEE Sheet=A Building Data, Weather Data,

Data Collection
Building Data Building HVAC Profile Operation Methods
= 2 L 54110005 = } h
- o= : Sutesto o) ==
e ————) = - : - " —_——
- Sound =1 - -
Weather Data : . E

uipment Data a i
S Building data : ZI82| 7| 2=l HE

Building HVAC profile : Equipment & Ct & M3t H&5
Operation Methods : ZIE2| 2 HA|ZE 7|2 (HEE, HEH)
— Weather data : Bin &4 9| weather dataz HH2l0| 7t

- Three segments (2AM - 9PM, 10AM - 5PM, 6PM -1AM)

Equipment Data : ZIS0f AF2E 2} 7|7|9] A5

19 2-170 BEAT Data Collection sheet

O Building Data

o W&o Y 7|2 AR Y

o HUE9 WA, Eo], X, olYA #AES 9% Zone 79
o A& oA AES 9t Alg EAA|(U-value, SC, Thickness &), A1, Aul717] AR 58 o=

Il
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O Equipment Data

o A= AHE&H HVACS AXE =€ (FCU, Pump, Chiller, Cooling Tower, Supply Fan,
Exhaust fan -5)

o & 71719 Voltage, Amps, ¥4 5 d&al 71719 E&ANS 943 vlo]g

o 7} Fof i o H3 AHE YHs] Auo] v X+ Internal heat gaing AXHslaL
Non-HVACS.2 #5735 ollu#] At Al 27 oy A& Azt

O Weather Data

e Bin ¥4& Ee 1
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g
iﬁl
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>
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ot

e Bin weather datas o 52 w7HY 7% 9" & 48  den o&
8l HH V)7 SR F8%e Aol The

o A&, Ui, dT T 7 #9Ae 309 Hit weather dataE TF3 AHEAZE HE Al 7]
FHlolHE AHEE o UA=F dolEuo]x 5 R

O Operation Methods

o Ao AREAIRE, ARl A, W A ARE, 2R 55 dEel AE duvAE 2o A
3}8] Alxkstaral sh= sheet

e HVAC®9#} Non HVAC®O] oy AlLke flal 8717159 +95 A4 4+ e

O 7]F9 AE dUyA AHs 4 ProgramE3+= ] AlEHo]A glo] AH#A2 dolH
AHS Ea A& AT oA Bo] 7153
O Test-bedE ©]&3% BEAT 2134 #4243 A3k} A3 ghe] 147 282 9.8%,

F547] LA&L 83%E UEGS

O &9 oyx] A& EAd tia] olalE skl e AT e AFolA offx] A
Z2 WS o] 83t JUR] BAS I HAE A *é% &
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HoT
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(2) A7 W&

(7}) Test-bed &

@ Data 43

O Building Data

o FZ I} B FF TS FEI F ZoningS A F S Test-bede] FEjZ <l EFow
213 interior zone¥} perimeter zonel @ o] BAISHA] w Zb Fo] A Fhnuo
zonel = -3k

o F35 WA o EAX 9} internal loadol thdk AR =3 2L 4=

O Equipment Data

o doR AFHES olgsty JWEH d¥ FoF yFe] i FCU, AHU, Chilled
beam, Radiant ceiling panel system, HRVE o]-&3&}o] Wyyuaks 7}

O Weather Data

o AP AG &7 E YA tlo]HE bin weather HoJE 2 FF3to] A&

O Operation Method

o Ao A, wAE ARl wet deiAlE wx2T), 29, 45 71719 2AES E

A& JdUyA A% A Part A_Equipment Capacity

Equipment Cooling Capacity

o Uty og Ao Hu FIHUT 1520%E xAEHoR AU LIS fLAS= Aol
dnkA ol Au)&5F vlu A 7F Fof o &7 din] A &9 H &2 1147123%
A= A3

e FCU® HRV Alx=¥low FA4%E 3F-01 zonedt 4F zone® &7Fo] J=FHslo] A9

HPAL S A8 o AoE Aoy

C ®

B Estimated Requirement (kw) = Installed Capcity (kw) —8— Installed Capacity Ratio to Requirement

700 W 200 %

60.0

500 +

400 -

300 -

200 ~

100 ~

00 - - ‘s 0
2F-01 2F-02 3F-01 3F-02 4F
CAV(AHU1)+FCU CAV(AHUZ) FCU +HRV CAV(AHUZ) FCU +HRV
Chilled Beam Chilled Beam,
Radiant Ceiling Panel System Radiant Ceiling Panel System

19 2-173 Equipment Capacity _ Cooling
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O Equipment Heating Capacity
e Heating®] 2% €9 1020%AEES 294 E= G| & Foz Aakety yilo] H) &) A
Zul & ol kA E ol ot 4F zonedl A mIASHA B3
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29 2-174 Equipment Capacity _ Heating
@ AE dUA] A5 A Part B_Peak Demand
O Peak Cooling Demand
o 97] 2%7} 335%¢l 8¥ 154 9% 3417} Cooling Demand’} 714 =& AHo=

Profile point¥
o Test-bed®] W AL+ 260l sfid X9 54 23 1641 97]=%=7F 2659
P om WiRaetrt Al E = Ao R 5 HA Profile point$!)
Peak Heating Demand
e 97| &%l 93t 156=2 19 259 847} Heating Demand”’} 7}
H A Profile point%)
o Test-bede] W AALEE

H A Profile point%

o
ST

T

Ao F A

20%=0lH Q7%= 7F 20=Y

o A WA Profile point= CAV fans ©]&% w motordl A A= 4 wiod s
TH379 2 E AALEte] Heating coilell load”} §lo]% supply air <%0 =gd 4
UAeE 97 EE AAsH =F 3 1215d w4

O Peak Demand Summary

e 7} 9o FF3E peak demandE %3t non-HVAC demandES AAksk A}
W ro Wwke] peak demand”’t =A UERSOH, A% peak demandi 8¥€olH
120.23kW <!

e A demand % HVAC systemo]A] A3l Hlgo] om 7 89 WHlo] AnH|E+=

HVAC demand #8]7} SH 802 o]Fo]xof 3

- 220 -



©)

160 158.1 156.8

140

100 i i || s
80 - - . | = e
60 - — - -
40 o B

Apr B May N 7

20

Jan Feb Mar Jun Jul Aug Sep Oct Nov Dec
Peak demand
19 2-175 Monthly Peak Demand
kw
200
B HVAC i Office Equipment. W House Pumps Lighting

150

100

50

84.2 789 : : 3 781
| O . 16 ]
20 20 20

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

19 2-176 monthly Peak Heating Demand profile

AL oJdyA A%s A Part C_Average Consumption

Average Consumption Summary

Peak Demand$} tZ A Average ConsumptionS ol vl w7171 v &

Occupied Period : WHa wdlo] FEsIE 7oz AdA oy A  AH] o]
TE Ao X = &

Unoccupied Period : 4719 of37tell A]3&}+= Standby heating® 2 <13 Average
Consumption®] 2¢]7]¢ w®H]#H sl o 678¥-2 Wibo] tist a7} gl7] Wil
ZHjgo]l 0o & YEyES. Unoccupied periode] oy A Av| =S 0.2%717.3%7FA 9
)5S 2AAsta o2 HVAC system@] olUA] vl #e2l7 a3t

O

- 221 -



45000

40000

35000

30000

25000

20000

15000

10000

5000

60000

50000

40000

30000

20000

10000

kWh

. Unoccupied Period B Occupied Period
lan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
19 2-177 HVAC Average Consumption
kWh
W HVAC W Office Equipment. W House Pumps ! Lighting

27477 M 26038 25183 Il 55306

Feb

Mar

Apr May Jun Jul Aug Sep

19 2-178 Monthly Average Consumption

- 222 -

Oct

Nov



(3) Test-bed A7} A3}

(7}) €¥ Peak Demand o3
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(W) 2% 60% A4 1 Peak Demand H| L

Monthly Peak Demand of 2nd Floor Lab. 1 (kW)
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(th) 3% 80% A4 1 Peak Demand H| L

Monthly Peak Demand of 3rd Floor Lab. 1 (kW)
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(2}) 2% 60% A4 1 Average Energy Consumption H] 1l

Monthly Average Energy Consumption of 2nd Floor Lab. 1 (kWh)
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Monthly Average Energy Consumption of 3rd Floor Lab. 1 (kWh)
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Monthly Energy Consumption per Area (kWh/nr’)
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Acidification, Eutrophication, Photochemical

L 2 . . . . .
CHL 2001 aquatic ecotoxicity, Marine aquatic ecotoxicity, Human
Terrestrial ecotoxicity

Global warming, Stratospheric ozone depletion, Acidification,
EDIP 2003 Terrestrial eutrophication, Aquatic eutrophication, Photochemical
ozone formation, Human toxicity, Ecotoxicity

Global warming, 0zone layer depletion, Smog formation,
Acidification, Eutrophication, Human health cancer, Human health
TRACI ) . o )

noncancer, Human health criteria pollutants, Eco-toxicity, Fossil
fuel depletion, Land use, Water use

Climate change, ozone depletion, terrestrial acidification,
freshwater eutrophication, marina eutrophication, human toxicity,
Photochemical oxidant formation, Particulate matter formation,
Terrestrial ecotoxicity, Freshwater ecotoxicity, Marine ecotoxicity,

ReCiPe 2008
lonizing radiation, Agricultural land occupation, Urban Iland

occupation, Natural land transformation, Water depletion, Mineral
resource depletion, Fossil resource depletion
Global warming, Ozone layer depletion,

HALMTXHC Abiotic depletion,
- - Acidification, Eutrophication, Photochemical oxidation

k] Oﬂ A H-H 5&78‘ *é% HEska

N

o ﬂﬁﬂﬂﬁﬂﬂ — duk A
o B 20003 7HX3% RA7IEAE B
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HES 3l 2001958 AldlE Axoln, dagdE37F $HES 7|22 3to] 4G
Wre 4e
o O7FA A GE HrF W HE disk AE Ay [® 2-39]9F o] B W Eo] 671
I TE 2geta 9lom, 53] digtulaoA At AXEFS o AldFd
FRAATAAE A 6744 BF9FS 2T B7b PoE gelsn e
o wWEtA 6714 BAHFE HFE AFEY HUE A JFHFE Yo, 7t
g Ho gk FAEA Vs 2 HU e [E 2-39]9F 2
¥ 242 9739 Hr BF 2 d3d Hot )=
St HsrH = === Hop|&=
72 t3t
(Global warming) kgeg—CO0, |PCC 2006
QEs1t
(Ozone layer depletion) kgeq-CFC-T1 o  (2006)
oz )
(Abiotic depletion) 1/year Guinee et al.(2001)
A S . CML 2001,
(Acidification) kgea-S0; Hauschild & Wenzel (1998)
Sojora . CML 2001,
(Eutrophication) kgea-P0, Heigungs et al.(1992)
25t sHatg) _ Jenkin & Hayman (1999),
(Photochemical Oxidation) kgea-ethylene Derwent et al.(1998)
(W) AHAH7HLCA) 78] A&5E 749 Hried s

LCI analysis

LCl

© Energy use

Environmental impact analysis
Impact categories

| - Lo
Tse & Fean | ADE || oo, =
» Materials Operation Sl D) |G Y g
» Transportation | [
; 2 Input: || GWP
e On-site construction (Global ing) ‘ [PCC (2006) g
Resources ODP r RO
. 1 &{;ﬂml.e_]i_vﬂ- UNEP. (2002) ﬁu
@ Materials Eitan) o+
® Transportation oML KH
D - . « On-site construction | OUtpuUt: ACP He&xm(;i’;}’al ~
+ Demolition End of Life e 7
(Acidification) (1982}, Hauschild ~
« Landfill ] & Wenzel (1998)
« Recycle & reuse x —~ £y
» Transportation EP Heijungs etal. b1l
J (Eutrophication) | (1992) =
I ¢ LCI Database & I-O table POCP [ e E T i E'li
7} e Process-based LCA (Photochemical (1989}, Derwent %
T e Energy simulation/Test bed monitoring data Sxieation) | slasy
Y o Scenario analysis
a9 2-188 AHE ATV 49T Wil A4
. A%E BAGT WARDL =A% AL Be) BAHoR AL F b m,
5 2 > o H Lar 2=
= 4T A5 A AR JE 5 e 2
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e AS5E AT HrtEAE, ok [29H]3 o] dAA HEFZA(Life Cycle Inventory
Analysis) GAE AA WEEHe= 243 AMEHE B4 7 2 &S ZAZFgsta, 43
A AFH 7 (Life Cycle Impact Assessment) GAIS A Z2RAS Es »I—E‘Q_ v &

B9 3 A 9% #PIFS Fg

O AANF7] WA AR BZEA Py

Use & Operation = Maintenance End of life LCI
result
3 S e & !
s > & & & =
¥ &8 o §F &8 s LA
SHES s F £ § §F &8 & & <«
ai F & & S F & & T oy ¥ i Input:
HEAH © O & &S & F & s & & ?
S F&s FI4
& & 4 !
o3 S S S
o s @ 9 v v F 0
| | . T | i Output:
Energy simulation ® ALele #4
Y=g B data Process-based LCA | |
LCI ® Process-based LCA
Analysis # LCI Database & I-O table
a9 2-189 wAY LCI B9
O A]-& %A (Construction Phase)
e AFTAE AFAE (material), &% (transportation), & A& (on-site

construction) 2.2 o] ol 422 (1)-(5)d wef 4. 53], 594 ¥
AgGA= AFEE = d5d: 6 5)9 &S 72 &

Subtance,, = m, < LCT, 1)

Substance ;= Qp¥ LCI, + QpX} LCI,, (2)

Substance,= Qu X LCI, + Qu X LCI, (3)

Qr=2( n; F%) (4)
m;

Qc= z (5)

Substanceyrc: AHAl, &%, AlTGANA A= FAHAEZDY] & me AAAA D)
o Bk LCL: AAXA ()e AdWED; LCIy A AAgAd id elwEd]; LCIy: 7
+ AFEAge st QM EE]; Qre &%, AlFHAGAA AFEE = AR &
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& A(Use & Operation Phase)

AZEEo L&A E Wl A Oﬂ/ﬂ AP E = YA ARE (el Y, T f 5
e & AR H5EA(LCI #4)= 73

AsAgEAANA Y F- ) Fot s ?l??} oA ARG RS YA AlEdH ol TS
3 SAY 71E FAE AFEL] U A AMEEF HolHE o] &dte] At A&
2] &2 @A (Maintenance, Rehabilitation & Repair Phase)

7

= A7) wt AS= FA-wA Frlo whE dS5AA (material) F A F o AFAY
& AAoNAM ] Ame] AREFS LHEoF o e A, S FA-uA FUEA
[Fe Al a2 RSl A AAstaL = 57 B 8-S o] 83t

FATLAEADA A5 x}zw yo Y

A 2 H7GA(End of life Phase)

A B HIGAY TEALE [ 313 2ol ARk A Y EAR R, 7
A Ao S FFS AHALE B 2FAAANA Y AR AR HY =
wFgAd A AEAbE o ® Qe TS

H71E9 o5 Ao e, AT AG- AL E- i GA R FEEH, 24 dA A=
#H| 21 2} A 2] Zﬂﬂ ol 1#E. (AZAYE: 70% AL, A/=57F 100% AL
3971 E 100% i)

AAxEFAAS o8&t AVlE

iU

[t

Hu
Kl
Ut
u
w

rlr

N

%
i

i
iU

[

A% WA g Fo A2a HE A4 5o BYl
2R ske, olw #H71E ke AN daf A124900 4 At = 1.6 ton/m3S A &3
7

E-ﬂﬂ%‘% %“311]%01] uhel, g&/AA g EgH=
=Rl (

&H = THA| el g | x| 2] etH|
AR 00
HApzaE T0% ¥
R Ad = 100% SRS e
= —» A E=
& EF o SIZtx2|FE
o DX
S5/ EMY 10% HIAYE 0% =~

= &= 7 & 100%

29 2-190 SHA|-H 7 A A2
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E 2-43 H7E TR vE

P Z 3¢l =25 £ EUR EHII2
=)= Ct==¢4 84.88% 2.89% 12.23%
Ot E 87.19% 3.40% 9.41%
o HZ2EZILEX 87.74% 4.30% 7.96%
;j;i_l gd2=E PSS 83.14% 4.88% 11.98%
e EEEI2ILEX 85.71% 6.36% 7.92%
HE22deEX 88.39%% 4.20% 7.40%
332 P 84.41% 4.95% 10.63%
EEEIE2AEX 85.45% 7.40% 7.16%

O A3+ 93H7HLife Cycle Impact Assessment)

o [®]9] 7Y FAS o]&3std, LCI 4 A& “S4 g W57 wet Eusto =y,
7 BAYE W ARG 4= B
¥ 2-44 37 A3 F49% HUF vl 2 W
St sH=E HO|&E st g atE ot
(Global warming) i
LESIHY WMO (2006) ODP(CFC— llf,q) E(miXODP,-)
(Ozone layer depletion) 7
PN e : ADP(kg— CO,,)) = Y. (m, < ADP,)
(Abiotic depletion) Guinee et al.(2001) 2eq T i
At S CML 2001, AP (5020,1) - E(miXA-Pi)
(Acidification) Hauschild & Wenzel (1998) i
“?‘g %til' CML 2001 s EP(PO437'Q) — E(m: XER)

(Eutrophication)

Heigungs et al.(1992)

Z5tstar g
(Photochemical Oxidation)

Jenkin & Hayman (1999),
Derwent et al.(1998)

POCP(ethylene,,)

eq

3 (m, x POCP,)

i

(3) Agwet 9 BFNE

O NS B B39 ANE wgon HAA%Te] FFA X Prh ZRad W9
2ol e N4

O ¥ ATE ¥3) =3¥ B4IF FPPH(CIE el % WAnHR) S AFE Po)F7]9)
#79% 2 wgS %@agfﬂ g F A BB/ (ntegrated  Value
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o goF7] BHH & H7

As=

.

(1) A&

dF= HEo= A s

O;

7h =ule &

EA ) AEPS 2000 (¢ d)
Eco-indicator 99 (Ul €& =)

LIME (2

)

—

KOLID (th&vl=)

ojo

<
T

0
X

M
Gt

~
HO

N
ey

]
ToR

=K

ﬁo
B
o)

—_—

o

olo

<

iz

@

il

ol

A
—_—

i
T
BK
oy
g
xr
]

<3 .
K = Aﬁ
_ @R IH
e N L iy
S || w -3 sl i0J
n0 o0 K
A D =
= O A
5l 20
w5
R |
— 1K T
_ | ™= Mw
wJ < -
= W=zl =5 uw | X
25 s | olk | °
Ao K=
= 0 ¥
o) 20
S - o
- o o Iy
S |ul = - {
S|w|e| -0 o hl
Slm|a| 0= =) ok
c | = 555 [us) <]
= ) N w
5 = 0 Tl
8 ol =
i
)
ar oY IH 3
Mo Iz o
o ] = K e}
S | 5 B0 <)z | gl gp | X
(@) o =-n < _
|z =2 0 omemmﬁ rir
O =
21T IBTBrSRrYy| 8
- ERINT NG| 8
Tz & Ki
VN | = =
=]
W
A %0 1D ~
W M~ & o0 =z
M| o |ol| o ol K1 <0
=~ il )] i)
o

AAF H2H (Midpoint approach) @}

=
LN

W o
H

%

7}

(Endpoint approach)©. 2

e
00

Bo

ﬁo
w
o)
N

he

)

ol

A

- 240 -



® ©

gl
ol 7 7id" KOLID WY Es d5e 408 F7PHs 93 iniees #4835
e

L7 R oE e o [Els 2o

LCIA(Lice cycle impact assessment) ¥ 2% KOLID=
of ols WAlet= 7 9 & (Environmental Impacts)S & 0.2 A g
B AFgM = AE5EY AF71E AT A (construction phase), A&7 (usage
phase), ¥ 7] 7| (disposal phase)Z T3}al, ZF TAA A A1&5 = AR ZEEH

A sk SR ES ke WS AAR

3 K
obefe] [1glel A minsl o], @M & Y e 29A R QY

Scope — Method — Resuls
Sep i Sep 2
i L D"g&m " LE Ode impad Assessment
} i
; FaE/fiEs R SEa g @oP)
PR a4 HZE pE o9 N
h 8o AP 2 BgRgz oY BEN MRS m X .
o= BF FUE g ﬂq. SEE P2 (BWP) KGO &g =
ME R HES NE BEH 5 O Hgoz By
(Resources and s oz
Emissions) —— \
i i f
Ty =g
g (Hybrid LCA) i ;
Ay T HEs rB0: o,
o i i
- A E=E X
- ! s ([ENNERE L e 4
; . HE2ATE () X dlias
! = e .
L - 2010 NEPIHE PocP) thw 8
(p=2w)

a9 2-191 A5 E] B9 Bl T4

A4 awlEd 4 (Life Cycle Inventory Analysis)
Al A (Construction phase) 998 AH| % Al
A} A A AH(material manufacturing) @Al A= A (D)3 o] A AAEAHI-O LCA)
= ol &3k, AR AL H Al ALEE = oy A AH| e A E Hdll, 2o A
Hka) 3l Ake] o WA 3 (input-output table) o] A EA =71 A&
X LM

QE/@:;OJTP]C]]C (1)

QEk: Al d(k)el Aanl=, Cj: AZAAGl e vg LMjk: ASAAG el sl AF
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dABdzAM AA S A Akl et ArkrEAS, UPk: oy A<kl it &7}

A} A 9% (material transportation) ©HAI A= 2] (2)F o] &3lo], E5An]o] o] A&
= 959 s A=

QE, =23 Y(QM, < TD,, X FC,,, ) (2)

m=1j=1
QEk: Ay A kel A= QMj: A=FAA(G)el &%, TDjm: AFAAG) st &5
Al (m)e] €474, FCimk: &5xA(m)o] &9 =% A=AA(G)E lkm *53817]
Hale] AbEEE A B (k)Y %

& A& (On-site construction) WAOI A= 2] (3)& o] &3to], A& Ao & AlEH

QM
QEk:222(WX FCJM) (3)

n=1j= Jn
QEk: UA DK AH %, QM) AFAAG)S] Z, AWDjn: AFH ()] A%
(el g FAAT A, FCink: AFAAG A et A4d& ddsk= A& dH(n)
& SN B AHEEY] S8 2T7EE ARG ¥

AF& 7 (Usage phase) A5 4H]

T, o
2
e

QE, = QAE, <X Service Lifeof Building (4)
QEk: olyA] AlEdolAd Ex olyA &uHF HoHE o]&ste] 4AEd ARE WA ol A
2P EE QUALK) S F AHE, QAEK: AFE AFETEAAA v EHE A A(k)
of tfgt AZF A Am|F
# 7] @A (Disposal phase) 15 4H| & A&
21 (5)e 2 ()& ol&std], Hr|Ee] &%, SHAY, MHAFNA SHEE A5 &
< =%
QEk:QW]WjX TDj7m><F sk 5)
QE, = QWM, % FC,,, ©)
QEk: dy=d(k)e] ZAule, QWM 7 dAE HAsteE #H71=()e &4, FCimk: &%
Arl(m)e] #H7IEGE @9 =FS lkm =F37] st AMEstE dAm(k)e 4
TDjm: #H71&=G) el gk 538 (m)e =572, FCink: #HA7I=()el A& 1t
AREE = FHl(n)o] &9 =7 AY Al AbEske ARk &
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ASFE AF7] &<k wiE & (emission) AH3
dmel A 2 QAaARAAE B AFL Fi NEE(emission)o] AR, AFE
ZHE dAstE S0 8S AESH] YalAe, A8 Ak 2 AagA A WastE
W% o] AL Hojok sk, olu] 4 (o] o] §1

Load, = Y ,(QE, < EEP,, < QE, X EEC,, (7)

k
Loadi: oly#dk)e] A4k 51 AxaAodA mEsHe E=2019 <&, QEk: oA«
(k)e] Zn]=F EEPLk: oA (k)] AitaAelA wiEs = sl&E0()Y %, EECik: 9
UA ke daaAelA MiEzde s ¢
#7408 w7t
ZF A AR 82 ol of A
E sausEn ‘ JSPIES ‘ ‘ mEF ] e ‘ !
1 | |
E ;qﬂo_u._l;; 4 2H(Cancer) i : i
Sb etc. e / -
E (Resource depletion) \\ /,’4 o A Ef|A(Thermal stress) # oIy AZ :
| - 7 (Human health) :
| X|R2rts} / ‘ Z+ (Infection) / : \ |
f COzetc. (Global warming potential) i i % |
! \1 4 84 LY ZHCataract) - 1
i - —— AbBI R |
QEZT}] SE7|2g - \
E CFC-11 etc. > (Ozone Iayerdl.e;‘)\eﬂOﬂ) (Respiratory disease) SOCIT‘IaSSEIS) \\ ' :
: o : ‘: /; Single Index :
i sl i o i |
: SOz etc. > (Acidification potential) \ (Agricultural damage) (Bio—diversity) |
: [ ol L X| 2] (Energy use) }/ \ 3 :
! Soorst / / Ll '
I'| NOxetc. "| (Eutrophication potential) EX%4(Land loss) ’L 1K} A A i
i T SAMMENA| / N (Primary production) :
! Zststitst (Terrestrial ecosystem) } | |
| CoH, etc. > (Photochemical AP EN A V/ } | :
: oxidationI D?temia\) (Aquatic ecosystem) ‘ ! : !
e e s e . [
a9 2-192 A5E $49E W e

2 AFdAAE AFEY dAGEFS ddAFd g T3] fa, KOLID W
HEAA Aoeta e B FFSATE J83tAe. 99 [2h]ddA HiE=nket
Zol, =5 #4nE Hrte A 3GAGEFTI- 5438 @A, AT FridA,
e AR FAE  CERI-5A5 s @49 A ogsn,
Aoy 9 B@sh @Al KOLIDS A3 483
KOLID:E 5% AolF715<te] wlEE A (emission)©] 474 R (AA 17, ALS A}
A AECHEA, 12840 v XE= )8 (damage) ] Z7]1E ¥ &) A4 (Damage Factor;
DF)Z AAgta =
3798 7}
 dAle AP R g dAHAE 479 FAaHF(AAAE, AP A AET
UdA, 182 AEstele] AA et dAY. REAE 38 %] 4= (Damage Indicator;
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DDE 2HAsk= HAoA =2 (8)3 ofefe] [E]7F ol &+
& 5o, AFAA A ANAANA AF2dsted] dFS v A= CO2 10kge] TS
B, AFdstERY QAT ARS| ARt v A= dej Al 22 1.23E-06DALY
(=1.23E-07 DALY/kg X 10kg), 2.72E+01€ (=2.72E+00 %/nglOkg)gi A
DI= Y DF(l) < Load(l)
l

¥ 2-46 JFHFE I A S
o sy = J==x Olxl 24 AFS] KA MECHA 1 XkAH At
= (DALY/kg) (& /kg) (EINES/kg) (ka/kg)
A&z Sb - 1.42E+01 8.90E-14 1.53E-01
ANR22L5 CO, 1.23E-07 2.72E+00 - -
ES0H CFC-11 1.35E-03 1.30E+03 - 2.79E+02
AtA 5 S0, 2.38E-04 5.09E+03 - 2.63E+01
2o ok5) P0O,* - 2.31E+03 - -
23L& AES) CoHa 3.22E-05 8.23E+02 - 2.64E+01

Note: DALY (Disability Adjusted Llfe Year; ol B A=d

), EINES(Expected Increase

in Number of Extinct Species; HEE5 F7HE 719 X])

AAsE BRadd g gy SasAse 4 (9F o
w4 xhr(ﬁxﬂﬂ 7R A A 8= DJ l
kel Wi gt S| x]=7F 7hzE 1.23E-06DALY, 2.72E+014 ©]
6.19E+01%J(:(2.82E+O7%/DALY X 1.23E-06DALY)+(19/¢)

ateq,

TLE E&stE B3 e 34y sfe] oigk 3H74u]g, DI(k): 273 3] T 3 &
IF(k): A3 ST, k 4T3 H5
X 2-47 #7408 HEY ZdsiAs

EEIE 10l off XI & S&3AH (& /unit)

Ol 242 1 DALY 2.82E+07

NPT 1 1

MECHFA 1 Z(species) 5.69E+05

1 XA A 1 ton 4 . 93E+04
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7 (Integrated Value Assessment System)o] A& Ao F7] 2]
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olo
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73R vl
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571 9

A Al

o
, A4l 7] HWFE 2 (case based reasoning; CBR)¥} LCA

9|

o AAE

==

sl

1A=, 71

9|

o] 27

1

H
=

7N

U

1

o
pal

B
vzﬂ

Hr
s

<

file)

do

o
)
G
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=
=

O o]

Hlol B &

1

Sy

al

a
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T

A 7]

S

b1 9

<]

A

[e)

i

°ol-&

e ==
A ASFES FE

=

=

[e)

i

13 zEo] 3eA (

=
=

=5

obegfe] [
HA) A ol A

3]

A

7F el o

D 9A+A A5 (decision tree; DT)
s

]

)
'lO

pA

9

=

=

7}

o

]

(7} Step 1:

O

!

Wr

s

file)

A

H Aol 2~

il

:|1

#(Case based reasoning; CBR)
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» MEIHZEE(CBR) « FIPHETHLCA) Vs
UL L ES {0y &
ZHENE ME FEoyET o (AP} = 8
52
- 27FN NE T Rr — .
- NASNE NE R
1 2Ry BaY Bl o
Eta AN 22 LER:Y D
a9 2-193 4% 7kA] Frhwel A

® SHFAE AE

O #Ab AHES FETY] ANE, Ael dFEel 2 S0l B viLE B FAET)
AbE ] ofof &

O £A453 71243 E(interval scale), H-& 2 E(ratio scale), A< # % (ordinal scale)$! 729,
2 (1) o] &3to] =38, A4 /3] W52 = (nominal scale)?l 4%, W42 x|
ol whel 7+ 100, 00.= A9t

A V;‘est,case A Vetrzeved case
AS. =100 ( = ) <100 (1)
I/test,case

ASi : év:/‘é (1)01] EH‘(?} él\—/g] ‘?I_A]'L:—, AVtestfcase. J_:[L/L-]' EH%A]'E:HQJ él\_}\(‘)] %}]\-, AVretrieved_case: H]

©)

=

A7V=XE A7) el e 39 X 71" (feature counting; FC), T3] 7 &4 (multiple

regression analysis; MRA), A< 18]F(genetic algorithm; GA) 52 WHS A &3t

T dov 2 ATdA= FHE dHolHE vt er 7 WS 283 CBR Ed9 FAL

A FEAse dig Blu s Fall, M e FARME FEF des AAE fFAg
|

q
¢}
g5l o3 ST AE AASHA S

2

© AHIRALE

AL AFE] 222 GAAE A Q) o] HARANEL SHAFAE ol §3te] AL

A= (case similarity; CS)E AF&dloF &+

O
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O & dAFdA = A A5E F5F 459 &3S fstd, A= AHRANEZE H A e R
A} = (minimum case similarity; S AR AdE

AES shglom, o] W MCSE FAALRLZEL o83 HA5 HA4S B3 44H

=<
(@]
<
N
M\ o
filo
B
—\Tll
_0|L
als
on
o
(e

O

CS: AMElFAE, ASp HA O W SAFAE, AW SAGOd ti SA7HSA,
MCS: & Z:Ab el fAHE

@ £47HFA R A2 FAE S A AL R ES o] &3 243
O B AFolNE fAALTeES ol8d AHal BAL B, A NFE 2o FAb
A%E F% A%l Ayl & 5 Es $415A% AxdfAEs 44
O o] wj, 2 (3)& o] &3t AEHE AT ago] HAVF HEsE HH3} AL a9
" \/( VTV;est case VTI/])2
jzjl VTI/test,case
SER = - X100 (3)
SER E%gi}% ’ VTVtest*case: %ﬁlm@_ /\]—E:]]Q/] %E%‘{l\‘ %}]\_ VTV] /K]—E:]]H-]]O]i(‘)ﬂ
=g k(e FEAF g, 0 Abele 5
Q@ B A2 v Ve d5E A4
O A|HFES B FE2E fA AFEe] TP ol UAAEF olEt A4S F

= =
[

dolg e ntge=, 4 (4o A8do=zX, 7 53] Hus 943 7IEA
35}

) (4)

Si 71FE AFB U@ AA EE oUA O] £HF dolH, Qp FEH FAAAG)
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248 ¥ 25 R Ay dAn &

cr 2 (%)
& s g4 EZ | =& | EA Ji= | gm | e | E= | 0t | JIEt
=) 100 32.6 | 249 | 19.1 3.1 4.9 4.0 2.8 3.4 5.2
as 100 32.6 | 249 | 19.1 3.1 4 2.8 3.4 5.2

oE LiF
o g
B o
N r g
B 22 @ AEapeMe =9t FYRTENnY viron) TR
N 2u2 0B unjael wg o] 1| RO
e || s W. . = ==
S8 2194 AFEAS] 9@ 4 % AE Arhwde 74
(D Step 1: Local Environmental Impacts A & o =
O ] A& AF & &3 Zv|7F AFEHE 7|3 59 HAstE Ao MEe AV|E odF
skool& flal, ofele [:E]eF Zeo] 1A Anpd A4S F e DA dolH 7 SR E AR

O

gulel g A dolHE $AF(2007), F4EAEEAZAL3](2007), Anon(1984),
US Environmental Protection Agency(1971), William R. Fuller(1981)¢] A= %¥ +3
she], AuE 7)E 2gEds AA

Fu)e] 2% WA olEE Martin(1980), Wiss(1967), David(1995)¢] #7228 475

=
of, A V& sdis AlA
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oI &S (dBv)
=247 75 68
ECH 78 60
20 80 56
Jelold 77 55

@ Step 2-1: &<

S
N,

L = v - O
O Al&sdde] Aratger TG 252 T Adow Addds HAdA dUuAE &

= T i

oA R, wEA BRG] S48 wdd Han e golaw, A (1) -
_\—j,] ol = =
| T =

2 (2)E ol &3te, HIl] A Fel AgEHE 4259 AVE ST
NL, ;= NL,— Y NA, ; (1)
Y INA, ;= NAy, +NAy,, + NA,,,+ NA,, + NA,, (2)

NLi;: AH () ZFE receiving node ()oll HEH A @ NL: A9 io] A5
NAgy: dg Aol mE &5 74, NAum: 7] S50 o3 &5 74, NAg: AEH
E7od e 25 74, NApe SF dA8e o &g 743, NAs ARH 5kAL

= 7

O Alsdxde HAuAbgo=m HAg s A F¥ 9oz Ay JAHdA dqUAE
@i A7I7F AaE, A (3) - A DE ol&ste] T A HdEEHE s A7
of =

VL, ;= VL,— EVAi,j (3)
VA, = VA + VA, (4)

VLi;: () ZFF receiving node(j)ol ded s  #@4 VL A1)()<] 7]
VA A" Aget 5 Fid mE s 744, VAL A A ek #¥ke] Fid

e A% 72

@ Step 2-2: F3] Ao A2 &

O AzdR FHe] 3 %o Ay AL
7b A Eol yebd. A B)3F A (6)& ol&dto], ZF da] A
o] A7E A

o
g
™
offt
A
T

NL

NL,,, ;= D;10log;,(10 ) (5)
VL

VLCU,,,W:Zlomgm(lo 20 (6)
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NLcomj: receiving node (ol e A5S S &5 A, Ve receiving node

(el dgd s FA ds o4d

@ Step 3 2% % AF @ 3
O = £ ABL P, Rl MaAS S GuH, AAH ANA 9

=]
=+ A £ %3} 7] F(International standardization organization; 1SO)9} Z} vtelol A= 428

ox
ot
=
4
rot
rlot
o
=
oo
e

d

3}
Aol B QA FAREE ANGRL Yom, o F st wARE AFoR Fedt
e

O =ellM= 38 &gt A A4 7Es 248slE 45, ds Aol A 5442
s 9o sha glomn o % -
O webA A (7) - A

(
Brgow wed = A&

ECN,=f\ENL, Ty, ) (7)

com, j

ENL; = NL,,, ;— NAL; (8)

j
ECN;: receiving node (oA Agol <k #74n]& f(ENL, TNL): Z¥}AS4
(ENL)# &5 AE7IIHINL)S "R gto] &g BAAd A 7|F&8 &8 S &

5 B4 ANL;: receiver node (j)¢ &%= wE 37l4s g4

EC.V,=f (BVL, Ty, ) (©)

EVL,= VL, ,~ AVL, (10)
EC.V;: receiving node (j)ollAe] ol ot 3744H]8 f(EVL, TVL): & HAd Ak
Q4 7oz 2RAsdE(EVL), s AEH7|ZHTVL)Al diste] A4 s

AVL; receiver node (j)o X7 wE 317} 5 42
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Eco-efficiency
EPS 2000 (LCIA H7}H)

24 g

B @AGDIH AN e FHHoE neshe P AE
AAA S B, 2 PSS o, BAEY % F8 5 2
PA8Y L 242 westel, A= FFGIYY AN

(2) 4% 2 248

O 4 IS BAA A E HSsts Y HE
A 274
et Ed A # Al (emission trading)E= &2 714 =) 37t IdE AGH, 3o 27k
HlE {3k AYE Este AR, dhEAS AFA AT = UA st AEY
ofo we} o]ibslEt A9t e LAVIAE gAamEAANAE &) AAH THAE
ZEAA =W, AR S &85t o)ibstE A WiEEHS 1A AR wlkee

=
Ma ARl e aE AEHAE 4R 2 AN E S Bl
[e)

22 W tholol 1S |wto & &= Eco-efficiency

27 ¥ tholoj g W b ol AARES 24 A9 99 A e
g AAA L 87 AshAH A A% Aol sEEs #

AwrHon AT BFe] M the delw THE: Aol B 0 FE gl

ko] 224 R 919 AAlY R SEAL Aarste 7= AA4. Hong et al. (2012)°14+=
A 4] Aatshd THA R Agslr] fske], =24 (D-(2)EF A=

Economic score = (Cost yyornative — COStorigina )] (COStoiina) (1)

Environmental score= (002 dlternative 002 original )/ ( 002 Origmal) (2)
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A
S Normalized n
\ Environmental Aspect
Area A % - Area B
Environmental “Good” . = A;t‘ . Environmental “Good"
Beonomie: Badf \ ’. - Economic “Good”
\\\\ 11. ’.-' ! ’ N
¢ \‘-(\’ ‘. ’ PY kY
?f'\ Pl -~ B
i z "“ = ,"’ _ ;’x - /" T e
N Normalized Economic
\ ; - Aspect
= & | N
Area C v ~ \\ Area D
Environmental “Bad” N Environmental “Bad”
Economic “Bad” ¢ \\, Economic “Good”
\

8 2-195 22} HWH 7]Hke] Eco-efficiency AF=WH el 71y

O E3 #7493 H 7MY (Environmental Priority Strategy; EPS 2000)

EPS 20002 Center for environmental assessment of product and material
systems(CPM)ol|l ¢J&f 7Htel LCIA WHEOZA, CO29 2& d49e EaASd 93
of7|H &= 87 I E AA A= AAE

EPS 200014+ OECD Q115 o s A& Qo S olgste] 374 uafo o3t
FAA 7S AL wa A EPS 20008 ol &3tW CO2 viE S9o 37 9g43S njgow
W 3slalo] 2| AltE Ao 7ed

LCI result Endpoint category Evaluation Result

In: P Element reserves,
’ Abiotic stock Fossil reserves, N Future costs
Fuel / resources Mineral reserves ™~ from market
L 5
scenario
resource . Crop, Wood, Fish &
N Production meat, Base cat-ion,
Mineral capacity TIrrigation water, PN
Drinking water Market Price
Life expectancy, Severe
morbidity, Morbidity,
QOut: Human health Severe nuisance, WIP
é / Nuisance (willingness to
Emissions pay)
\ Biodiversity Extinction of species

No default indicators

Cl]ltl]l'a'l and Whes oot ik atars
recreation value | .. j-fncd

* ELU (Environmental Load Unit)

19 2-196 EPS 2000 Al =& o] T4
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3 2-52 AARE 1o Wi ggn &

BaiEaR GaEEny Impact factor C02 emission Environmental
($/kg—C02) (kg—C0,) cost ($)
YOLL 0.083582 686,483 57,377.77
Severe morbidity 0.043772 686,483 30,048.74
Morbidity 0.008122 686,483 5,575.62
Bio—diversity 0.001719 686,483 1,179.82

Production capacity of crop 0.000141 686,483 96.53

Production capacity of wood -0.002009 686,483 -1,379.01
Total - - 92,899.46

Note: YOLL is year of lost life, Exchange rate EUR to USD is 1.24 (2012 68 4 J|=)

¥ 2-53 EPS 20005 o] &3 #7} A3}

A of Bty 2 EPS 2000
= N E=1 Estdl2
Original 402,781.63 95,734.73 498,516.36
Alt.1 419,713.31 92,899.46 512,612.77
Alt.2 413,837.98 94,004.16 507,842.15
Alt.3 378,171.87 87,942 .18 466,114.05
Alt.4 379,302.93 89,684.35 468,987 .28

@ A G v L TFA eyl dist 487t HE

Two-di ension1
diagram 2

-40% -20% 0% 20% 40% 60% 80% 100%
B Original TAlt1 WALt2 HAIt3 mAlt4
a9 2-197 37HA MRES S8 =EE A3 v
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B E3}71 X3 7FA] 2" (Integrated Value
Assessment System for Green Buildings; IVAS) 7t
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AT AHE mAse BYsto] AR 43y Wi, ol sdsy] 915t
S [®)

gatA AT A=

ot
o&
-‘ﬂ

1%E ASAE<Q] LEED(Leadership in Energy and
Environmental Design) BNB(The Assessment System for Sustainable Building for
Federal Buildings)© 5=9 8744 Aeos WdatA Hristr] fste]l A3 7H(Life
cycle assessment)E &3] EE2%H T SF AT FUPEAAE wdsta o, a9

Breeam(Building Research Establishment Environmental Assessment Method) <A

o

ARAAHE RIS gRow AA F

=
44 d=E deAEs ﬂ]ﬂxl*}%%hﬂr ojtsteta: wiEFRtS 13‘46}% o R S
7

s 2 X siZoj it a7 =y

My 2dg =ss gg

AZE == QIS E7|SRH] M5
R oo I HE 2 =asjo
7iZE =uslE S5of 9E 5 YL 0| 2H .
S mausio] et 2 ol
2) CrYs BHEH Wi T WIS 9B HIEF e

Off L X| > H| 2F, O| Mo}t SHELel OfL| ) ChoFot
SHDH o et Gt asjst &= Q== LEED, BNB
of

So| sjjo] MHAATE ASH = ¥} Wix?ilﬁfgﬂﬂf—ﬁﬁ*

2 M2 ASE QS NS (G-SEED) A A] ¥} 7

SMZIZE SUTHATIIA AR QVAS) 71
SiE ek 671X HHBH(X| T2 S|, 2 =& 7 o1 a0j] O] 5 AJS|E| AAS HjgOZ
G el b i AIAISt0L, 22 @ xiziol T ol oo
ol ciisfol zIZ ol ofpl siAse bkl b
sistet Al Al 7Hs st

% 2-198 Al ~E e FQ A
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) SAAEE EIHA A 2 EAVAS) A

O A#AA7HLife Cycle Assessment; LCA)E 7|Wto g2 ASEo 344 AHF(3ddet

BAuS)el e B 2R, ANFINERA A B0 §e FFelel welgronA

ST AARS sAll Hrb-add ¢ e ZEIO oo, MEEe Al HAS
=

’

‘HANSE FH7IXEH A 28 (Integrated Value Assessment System; IVAS)= ™3t
A5 Ak AFol A= MS office excelS 7|HEo 2 3lo] AFE WIAME 237

M =
i

of, AN GAoA A" G8AS =ol7] 98] MS office excel?t &3=2 4 9l
Azdle sk ol e oldl wmEl, HAdSE FEVHAE A AH(IVAS)
MS office excel 7|9k e oz 73}

= PR 7 2 '(IVAS) S AFEAtel o8] Y8 Z=AE JRE
2 AAAF7LE DAPste] 6714 BAEA (AT, &SI, s, FAEE
Fateaksh, A ang) SHdA AFES] SAGTFS e ¢ e T2

ms
(IVAS)E 849% H71a3s 6714 W5 4934

SMASE SRR B 2= F = 3
T2 AAE B oty A FTel ok FIE HEoRE AAFoRH, FIHA T
ek AFEAFe] ol & A ZEm

SNAEE FHIIAF A =RIAVAS)S 498 Jret g4 Ao F7|v]§ 4] (Life
Cycle Cost Analysis)= sAld Mgt 4= Q= 23 53] Ao]=7|n]& F7H]
89 wggond B4 AANE BUD AWNE AT 5+ Je Z2aY

EMARE £3 7)) W7 AJAE =

| 1 Vaior A Sinters (IVAS)

e [—— =
ot 5%

“«
24 | e

19 2-199 IVAS 34 74

- 259 -



(th 5MA5E BH7HAG7HA 28 (IVAS)
O =MAZE BFAGAN2Y (IVAS) 74
- IVAS Z2I9E thgat o] bl REoR TAY
D AFgAbel ol et HolE ¢
@ #HAFl ok Al ~7 I F
@ HA7IE 9% dolg % 282 AR HI7ARE AAstE doly AN
> 5 5 o = = = =]
@ A%E) BAA A%, AAA A%, BEA 4TS AEH) AF AsY Ay
® A AHE A= A AAF
EMAZE E3 7)3| W} AAE
Invegrated Viatoe Assasament Systars (IVAS)
@ A8 YE @ Aj2m olttg © Za AT
Aext 58
ZZHE JHRFE 3c oA A= ojy
s E, Uyl % 71F 4% HAYS M5
ojF7| BA'E LM BR el smEeE S nen een o g e
' |
@ A|AH Rta|E A| A= ARE C|OJE]
= H| 0| E olsilEs g} LCA
Argxt 2al ;H; CEI mery otz
2 | |E1|‘7,-t e
AMAEE =
oo E{Hjo] A 23 e =HotHat
[
==Y —» SojE A 23
O =MAZE BN L (VAS) W57 74
A9 G- . T T T WAS\V0109 - MicrosoftBxcel | o v [
I = oo moslaoos N o N BT v R S — c@can
DB 319 4 s B & @h &8 |
3 7IE AR | LCABT LCCETt LCA,?:' I.CC'EE} HE E0r2 U EHIUZ | IVAS DA.TA MNER 7|=Z%8 :
zeme AN 2y a3 AR X =042 IVAS 221 2R i =
\— T2 M {
|
=SS 3 713] T} A A
Integrated Vatue Assessment System (IVAS)
::ZZE —1 482
20| AMITHS R SUSCOM Lab (02-2122-8322)
v |
=T ‘ [Eom s% = U =cW

a7 2-201 IVAS dl+ 4
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