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A1519T8 Uiy 1SO50001 AUNINTEIU 1SO9001 waz 1ISO14001

ISO 50001 ISO

: 2011 Criteria 9001:2008 Criteria 150 14001 Criteria
Reference Reference Reference
1 Scope 1 Scope 1 Scope
2 Normative references 2 Normative references 2 Normative
references
3 Terms and 3 Terms and definitions 3 Terms and
definitions definitions
4 4 Quiality management 4 Environmental
Energy management
. system management system
system requirements requirements
4.1 General 4.1 General requirements 4.1 General
requirements requirements
4.2 Management 5 Management
responsibility responsibility (only
sub clause title)
4.2.1 Top Management 5.1 Management 4.4.1 Resources, roles,
commitment responsibility, and
authority
4.2.2 Management 55.1 Responsibility and 441 Resources, roles,
Representative authority responsibility, and
authority
552 Management
representative
4.3 Energy Policy 53 Quiality Policy 4.2 Environment al
Policy
4.4 Energy Planning 5.4 Planning 4.3 Planning
441 General 54.1 Quality objectives 4.3 Planning
7.2.1 Determination of
requirements related
to the product
4.4.2 Legal and other 7.2.1 Determination of 4.3.2 Legal and other
requirement requirements related requirements
to the product
7392 Design and
development inputs
4.4.3 Energy Review 54.1 Quality objectives 4.3.1 Environmental
aspects
7.2.1 Determination of
requirements related
to the project
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ISO 50001 ISO
: 2011 Criteria 9001:2008 Criteria 150 14001 Criteria
Reference Reference Reference
444 Energy Baseline 54.1 Quality objectives
7.2.1 Determination of
requirements related
to the project
4.4.5 Energy Performance 7.2.1 Determination of 431 Environment al
Indicator requirements related aspects
to the project
4.4.6 Energy objectives, 5.4.1 Quiality objectives 433 Objectives, target
Energy targets and and programme(s)
Energy management 7.1 Planning of product
action plan realization
4.5 Implementation and 7 Product realization 4.4 Implementation and
operation operation
4.5.1 General 7.5.1 Control of 4.4.6 Operational control
production and
service provision
452 Competence, training 6.2.2 Competence, training 4.4.2 Competence,
and awareness and awareness training and
awareness
454 Documentation 4.2 Documentation
requirements (only
sub clause title)
4.2.1 General 444 Documentation
4.2.3 Control of 4.4.5 Control of
documents documents
4.5.5 Operational control 7.5.1 Control of 4.4.6 Operational control
production and
service provision
453 Communication 553 Internal 4.4.3 Communication
communication
4.5.6 Design 7.3 Design and
development
457 Procurement of 7.4 Purchasing
Energy Services,
products, equipment
& energy
741 Purchasing process 4.4.6 c) Operational control
7.4.2 Purchasing
information
NIURALINAINUNAUNULDZIUTNENAY 5-20
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ISO 50001 ISO
: 2011 Criteria 9001:2008 Criteria 150 14001 Criteria
Reference Reference Reference
4.6 Checking 8 Measurement, 4.5 Checking
analysis and
improvement
4.6.1 Monitoring, 8.2.3 Monitoring and 451 Monitoring and
measurement and measurement of measurement
analysis process
8.2.4
Monitoring and
measurement of
8.4 product
Analysis of data
4.6.2 Evaluation of legal 7.3.4 Design and 4.5.2 Evaluation of
requirements and development review compliance
other requirements
4.6.3 Internal audit of the 8.2.2 Internal audit 455 Internal audit
EnMS
4.6.4 Nonconformity, 8.3 Control of 453 Nonconformity,
corrective action and nonconforming corrective action
preventive action product and preventive
8.5.2 action
853 Corrective action
Preventive action
4.6.5 Control of records 4.2.4 Control of records 4.5.4 Control of records
a7 Management review 5.6 Management review 4.6 Management review
4.7.2 Input to 56.2 Review input 4.6 Management review
Management Review
4.7.3 Output from 56.3 Review output 4.6 Management review
Management Review
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gsfanaznguidmnglunsldszuvansisyulag 1as Georavililassnsneatiesng q daldsuns
NuwnAsliuaNazmnaualundn dsluviensdionaaumsiunislindanuiifiussansam
uarvdsnansznuredndonluninudinfes fafu matmulassnisdmiverasgsiogalnd
fafu Femslaunsaiisenudlaliunduszneunslussiaifesdoaiioliannsaduiulasenis
Ieiegnsaenndostuunueynsndaay 20 Jvosussmalneluiagdu Feasdmasennsinveanis
wdulpvnagsiadmiueimsgsiaedeiissaniamuaz e
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Roof insulation _ 4

Maximiz;\ i 7

natural

Heating/cooling
, controls

Light bar

 Efficient appliances

light — Energy efficient
¥y « — lighting and
improved " motion sensors
insulation
A e W
Integrated HVAC
systems

Efficient chillers

and boilers

“Energy- Efficient Building”

©90,000 - n
amsunadnuasiuitagardy
amaganevuniug

®¢0,000 -

AEINITY ac.cct

nsdiung

(BAU)

wudy

(ktoe)

@Bo,000 -

2

®®0,000

©00,000

dwdsudugariy

0,000 - nadifiunuaynundeay

(EE PlanBAU)

sl

©0,000

0,000

WA

“20 Yrs.-Energy Efficiency Action Plan”

NsRAILIATINITEIANTTINRNUNS IENa I UnTUsEaNS AN
Tuefinfiriuan dnamuinwilasiniseiasginsenadililanarsanertunisasuig
UsgAvBnmnasnuaeseinsuintn sulllesunaindadosiee dewmslull
* dimuilasanislilanssudndedneamasswanlsannnisasyuaiunisiiia
UsANSNIMNRIUYD901AS
.0’ M v a A ) Y ¢ o Y
W nanaliladinalnmanisiuiiesesiunisasmuinugunsalsendandany
* aaaldldfnansuwnunseussgdaliidivetenns wazduinmserntsdndulaamuly
1ASINTANUNSINUTEAVEA NS 1IUYI81ANS
Qe
%* 18

PMANanIsANElUII89 U “Environmental Performance” A Global Perspective on
Commercial Real Estate Investors, The European Centre for Corporate Engagement,
Maastricht University School of Business and Economics Usgineilulsasiaun WUdﬂaﬂﬂﬂiqiﬁﬂﬁ
fUszansamndsau wlinanesuunumansvgmansungamuludnvazvesnisiigiludasi
gﬂéﬁumﬂﬂiﬂmmiﬁ'ﬂﬂﬂizmm 6-8% LLaﬂuﬁﬂwmwmmssﬁy’e}—mszﬁyjamﬁmwﬁuﬂizmm 18%
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AOUN 1 UNA 5 N3alRnEdIuAITIANITNAUIUSEEURadSe

uenanil MnuansAnufnan Tidinsaieuuudeuniy uasvhnsdisangudesnilag
Fnundszianvaseiaiveantu 2 nqu ldun Environmental Management & Policy wae
Implementation & Measurement \flof 915841 Environmental Real Estate Index 311 Global
Private Sample il

Environmental Management Policy : L*f]wqmﬂ"wmuLﬁaﬂszLﬁumsﬁ'mﬁuh‘uaﬂéﬁms
LﬁEnﬁ’UmiﬁmﬁmamuéﬁuwﬁqmuLLazéqLLaﬂﬁau

Implementation & Measurement : LJugaauioUssiliuiudoyausz@nsnnndsanu
wazdnennnilegvasyaainsUi iRy

dmsuramsdisaannsoasulanmisaznsnselul

15197 5-1 Environmental Real Estate Index : Global Private Sample

Europe Australia U.s. Asia

Sample 64 5 37 20
Management & Policy 29.3% T1.7% 39.1% 24.8%

(17.0) (23.7) (17.9) (22.9)
Implementation & Measurement 17.7% 47.1% 20.2% 15.9%

(14.8) (26.6) (12.3) (13.9)
Total Score 22.3% 36.9% 27.7% 19.4%

(13.8) (23.0) (12.1) (16.9)

Fnavluradudaan Standard Deviation)

mawmmwauaiunauﬂmwiLawja lAnzuLULEY 19. 4% smﬂauwmmﬂLﬂiaumammamau 9
mmmuwummnmiwiﬂiqmsmwwmmq q FpeINEpINITUIITIANIING 19U wazAande
Tilgdmnudfalususudu 9 Weswndilifussnasuanmiieny esdnsdne 4 Tudeamdny was
Aawndeuannidn

Environmental Management & Policy

25 mmmm USA
s Europe

20 — Au.stralia
m— Asia

15

10 '

5

N

0 20 40 60 80 100

Score

Frequency

gll‘l?i 5-1 n5wa@A9 Environmental Real Estate Index : Management & Policy
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Implementation & Measurement

40 mmmm Europe
s Auistralia
e Acia
30
;.
:
2 20
10
. 4 '
0 20 40 60 80 100

Score

gﬂﬁ 5-2 n5lkéme Environmental Real Estate Index : Implementation & Measurement

A197199 5-2 Environmental Performance per Sector

Industrial Office Retail Residental Diversified Other
Sample 7 2o 31 19 35 ]
Management & Policy 16.1%% 39.8% 37.0% 26.1%% 30.4% 20 9%
(153 (24.00 (23.00 (15.4) (192) (16.8)
Implementaton & 0.4% 28.00%% 21.1% 11.9% 15.4% 19 3%
Measurement
(7.3) (21.6) (159} (4.69) (14.8) (16.0}
Total Score 16.0%% 32.7% 27 8% 17.5% 23.2% 23.5%
(9.8) (21.2) (16.7) (6.6} (15.0) (13.8)

2 d' Y a A o o o v a va d'

duillosannuleurgvesuinisnanlugun 5-1 vinliuuinianisujoaluisesvas
Implementation & Measurement YasntinaMuEUJURTEIA07 Ingianizegredsusemaluiay
dedadadidnanmlunisiaunlasinisiueia1sgsiareudiwninelanized198UseLnnennis
d' (% [ . . a 1 a I3 2/ 6 ) 4
\ien13inende Residential (gn1919 5-2) WU 811590 (Aeuladliden ewsniius) (Uudu

finsuszanunstidinindesas 40 vean1sleTan uazndwnumlan avgniunldlunia
91A155509 (Roodman et al, 1995) astiu anudlalunisauilasainisiliaudAgniewiunis
USmsInn1snasunazdanasududsimlanmasliniudAguindadu esannisvensa

a 4

9E6193I5IVBINIABIAITING wazgInafiigadesddiaudndudesusuduiieasadnaninluns

Y
a =

wistunarasayarialiinigsiaungdu

yuasnddmiugimuilassnisdmivenisssiagaln
a v & PP & . e o
91A1353ngAlnd desluerasiianiudsdu (Sustainable Buildings) asnsaneulandlu
YUNDIVBIANVBIDIAT HUTNIT8IANT waEHLEIUDIATIA0E19a987 NelulBunalinnasids
ATHgAans wazdwalmianisanransenudedwinaenlusrere Al yuueslvddmiugitau
lasansvesenansgsia Japasiansanlulsanusng q deweluil
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% UszAnSamwwasnuluyuuesnegsia ( Building Energy Efficiency — Developer’s

Perspective)

M3nead1aeasTidusEAnEa mndsau (Energy Efficient Building) Seusiinvziialddied
wntuniensiioonuuuialuudludnumeesenmsuislssinn Tasawizogisbeorasfiiigidn
woneuiuity sauselevdlufuremdsnuiivssvdaldanmsldnussuugtnsalazanusaaiig
yaAwinlusunsiansamsgsisvesinasuimuilasinisuazgldaueimsliiueged

o ¢ a o Aa a a )
M1919N 5-3 LL?W’NNan%IEJGUUVl'NﬁﬁﬂQ‘U']ﬂﬂ'ﬁ‘W@Ju’ﬂﬂ3\‘1ﬂ'ﬁ@']ﬂqiﬂﬂﬂigamﬁﬂquaﬂﬂqu

Energy Efficient

MNormal

Parameters building building
Capital cost (Rs/Sq. ft)  [A] 1000 1100
Total Sg. ft. [B] 1,000,000 1,000,000
Total cost of the bullding (Rs. Mn)  [AxB] 1000 1100
Operating cost (Rs./sg. fi/month) [c] 25 15
Total annual operating cost of the building (Rs. Mn)[CxBx12] 300 180
Benefits to the occupants on annual basis{Rs. Mn) (240 = 180] [1] izo
Rentals (RsfSq. t/month) [D] 100 105
Annual Rental (Rs. Mn.) [DxBx12] 1200 1260
Benefits to the developer on annuwal basis (Rs. Mn) 1200 1260
Benefits to the building tenant (Rs. Mn.) [60-({1260-1200)] 1] 60

(‘17im : Building Energy Efficiency — Barriers to Real Estate Developers, Dr.Sanjay Vashishtha- First Green
Consulting)

**g1A15NAUTLANTAINNAIUY 92 LATUNN58NLUUNINAUSENTANSIIUINNNITITIUBE1UBY 30-
40% W NVUIINNTRNLULIIIY Inedimldinenunisasuiniiadulssann 10-20%*

* wauszlevidnasnaignisldaneinis (Life Cycle Costing and Service Life Planning)
msfansandldirenasneignisldnuveseinis avdflafealdareMdu Operation cost
oA Amdanu wazAthssinugunsal WeidlsudualdanefasuiEuusn Taeilvazdladn ns
wiunaUszndandsanu fndeadiunsldiiuamuiBuusasmelusuveseunsaiussansnings uas
sruuAIUANSRLULRsIg 9 tufe Tasanisena 9 gsosiiansandeszaziaifunulundn asuansly
Uil 53
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“ 4 4
1
1

Cost-effectiveness limit

Cost of efficiency improvement

~~
[
|

Cumulative energy savings

JUN 5-3 uansAldinglunsamuvedlaseinisuaznadsendna (nsalily)

2819l5An mmmmaﬂ%’maﬁummiﬁmimwaﬂidmﬂﬁu%aaiwummﬁ%mmi LaznNg
USmsannisasrannnuUsziulutisnafimunzay axfenaduiewslunisdndunis dufe
annsanszdulfiAansamuiliuszansuaundedu Fu3end1 “Tunnel Trough the cost Barrier”
(A3Vdt 5-4)

“ 4
I | Tunnel through the cost barrier

5 T T R R I
g Cost-effectiveness limit
2
-
2
3
2
=
o
= to bigger and cheaper
z energy savings
o

0 —/ >
- ¥ . . —

’ Cumulative energy savings

gﬂﬁ 5-4 1aAEaN1EN15AA “Tunnel through the cost barrier”

< LﬁuqmnﬂWﬂﬂsﬁﬁﬂﬂu (Increase Productivity)
foyaainmsdrsalaginlunuit aldsrsvesiuieuninaulussdnsdudadiuuinniy
70% voaldeiamun feduamsgsiafidaudduiuasdioaunsndilininnuiiegluoianst
UszAnsamlunisvieumindsdy suileanainnsusulgsanmnnsiauifiguam o1 fuas
ansfiiesnenazangan fnanmernanlfuiasg i Wus Feuszinanslid Jseansamnis
yhaufifistudion 1.5% svanunsatieliinyadnuiinsouaquailiiiefundsnuldnaent
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1600 T
1400

1400 7
1200 7
1000 T
800 7
600 7

400 7
225

200 7

19 16 15

1991 averaye commer cial axpenditurs (USS par sgm)

Office workers gross office rent total energy electricity repair and
salaries” maintenance

JUN 5-5 uanen1silSeuiiisuAlginevesernisdrinaumily

(fian : Incentive for Sustainable Buildings in Australia — A designer’s perspective)

nanlagasy §imu1lasanis (Building Developers) d13Ue1A1535A3 wnanansaUseay
mMsfasanaIndeyasuing 4 AugiAeites 019 an1uin Gmns aantu ssdnsivdnng o o
seiles aphliidoyafifivsnasonisimunulouisnisimuilasenisdueiasiiinnudedy
(Sustainable Buildings) Tngianizegadwnngiamlasinisidudlieu (End Users) feud fay
yilvnsfiansanlassmaiinussavsaimmdsauing sueglusuussnansamunoaiisorasld

NeAulun iR

91A1335M97898U (Sustainable Building)

ANUMINETBY “B1A15gIAANSBu” Ao erAnsgsiafianunsaneulandliunii1vesennis g
la5an1s wagdlduens luaunsusendaanldingaunisieairamsensamuiauilasinis an
Aldirgiundsnuainnisldeu uazandildiieiunisiseine aanansznudeduinday
Tuvaziidnslivieslyaduindenunmnnslinisuing queusfeveldaueimsnasneignisly
UBIANT

slums%’mvi’wmmgwuawmiaq%’méwé’wmﬁ?u Laedun1TnuuH U YSNENa 191U 2009039 58959
s Tnglgfinstmuslidnisennislindinuvesenmsnnsgiu (Reference Building) ifuunasi
g Wngldnnanadsnnnisdsanislindsnureteimsvesniady waeldinstmuadinneg
Né’fﬂé’umii%wé'quuiuﬂWﬂqsﬁaLLUQLTJu BEC, HEPS, Econ iay ZEB

QT
BEC = 'mmiﬁﬁizﬁumﬂ%wé’mumummgmﬁumﬂgﬂiz‘m’sa (Building Energy Code)
HEPS = 91AsniszauMsnaIn U TuaesgUnsaimemnalulagdagdu (High
Energy Performance Standard)
a o Y o cala aa X o a [
Econ = p1As7dlsEAuNsidndnuaInsruvgUnsalilmaluladnguwddaauauenly

Y

N1383U (Economic Building)
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ZEB = aasfiszaunsndsugvsidilndgudvialugudiiosaniimnudesnisnganu
lusgaue lnelinsndandsnunldluoimsanndsnunyuieusiy (Zero Energy
Building)
Reference BEC HEPS Econ ZEB
ORI1AIUNTT
o 0 20-25% 30 -35% 60 % 70 %
Useugn

gj dﬁl Y o o ngQJ o % 1 a = % U '3 % = o a
el Iarnupdainduiuusazasiafisuiuuaueyindndseu 20 U lneduunensgsia
aandu 8 Uszinn sadl

21ATENUNUY
91A13AUIN15A7
DIANTAETINAUAN
£1A15159U5Y
91ANTYAVDINN
DIANTANTUNLIUNG
91A15anUiUNISANYY

© N O RN

91A1TUTZLANDY 9|

1%
Y o o |

lngnsnvuaidindviveiaisuiazdseinndneiu a1u15aiasananaviinasldndeau
(kWh/m2/y) vassgaunislandsnulseaneng o aendaannisdaasuliianisuiuusadieiieu

UA191989 (Reference) Aamsena Uil

1%
SIS g

A1319% 5-4 AvUTIANTTlINaIIUIBITEAUNTITNEaIUAIUSUDIATUTENNAN 9

Energy Consumption under Each Level of Energy Saving

Building Type Capability (kWh/m?/y)
Reference BEC HEPS Econ ZEB
Office building 219 171 141 82 57
Department store 308 231 194 146 112
Hotel 271 199 160 116 97
Condominium 256 211 198 132 95
Medical center 244 195 168 115 81
Educational institution 102 85 72 58 39
Other general buildings 182 134 110 66 53
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faufi 1 unil 5 nsalRneIAUN1TIRNIsNAsUTIUsTAURAaSD

Aty dmsuiaueynEnau 20 U anunsaimuadiuiueiasisduuiuusinsidigseaunisiy
WASULUUAN 9 audnaiuninvuansseluil

M1319% 5-5 Useanaun1sdndiue1ansgenaluseauansussinneng q suwkuaysng

WA 20 U

Reference 38% 10% 5%
BEC 30% 5% 2%
HEPS 30% 33% 3%
ECON 2% 50% 85%
ZEB 0% 2% 5%
Total 100% 100% 100%

Aregramaluladnanunsadsndszgnaldlu BEC

AFUIALUN

dguaaiun 1udgiiinaiaduveseniadily
Tulnssadrs dwalsdiimdniuinidgsssun
Ml warfafiuauandilunisduauiuiu
AU Y18ann1szIenATeIUTUBINA
melueis esnanweseniaiiogniely
uonniudrdiiquantifuidswas iy
dnAdeladnme

31]17" 5-6 : Cross sectional of AAC concrete (Greenbang,2012)

Iﬂldo

N3LANWHTIANT (Low-e glass)

ﬂﬁxﬁmLLmaamﬂaﬂisfum/|qu@mauﬁﬁiumiazﬁaumm i s
v o8 v lo o Heat 100%
Sou YN lAAINIS0aANISWESIFVDIFINTLTANINNABUBN
o 4 . o g nght 100%
21A715:0180781ue1A15 TuvsNgauliLaINA LB LAY
1 v ‘Uil 1 ¥ o U vV a 100% 45% emors
NIUMINUN A ABUT LN MUNEEINSUNITLY hEISTTUTR
41% enters
dmsunisaesainanigluenans 17% enters
68% heat loss

reduction

3U17i 5-7 : Low-e glass emissivity (Althem)
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wiasUSuamaUszndalviues 5

Uszmalneiianimeiniafoudunaonsiad Lﬂ%w%’ummﬂﬁmﬂuéwﬁLi‘]uai’m%’umimuau
anuandenluennis egslsinuaiosuiuornainasonisldngsaulagsiuediwin aain
Uszundaluues 5 WWuninsnisvesnsinihlunistrvannisidinidnlueians Ingldinng fvunen
SuUszandaussaurnslandsau (COP) whifu 3.4 wio EER wihiu 11.6

samuAmissAlszanEmmensalintia
Us:inn 1asouUsuimin

toOrmm |

31]17; 5-8 : No.5 efficiency label in air conditioning unit (EGAT,2012)

viaanUszudnalu

1y} = @ & & Y - B o ] Y W
vaeaUsendnlnvsevasagesisadud unaeanimuieliusendalninnnimasald wanns
uveaaen Aensigliinniliinnisuandivesinglunseduanssosasiniounasnyvinli
Nauasadn Fainsnraenldnirenseualninlnivldanasnriliiinnnueulasayidendsny

mamemn?ufaemmmsm/s zmm’”lu HEPS : High Energy Pelformance Standard

HEPS ﬂaimwmmmiﬂiummwmmwmmmﬂiuaﬂm‘i%wm“[uia@ ildeglutagdu lngruns
duasy wagnisarsenisidmalulagusendandsnulueiais sensduasy wasatvayutuyu
dwiulasanisanse asdunisnseduliiensuiuinauls uazsensulumeluladfivszauaudisa
1N

N1l991A151887 WaTnAALTY? (Green Roofs/Green Walls)
Wi901°191 T waendsanBorluitmnedsnsldssuudgnity
iuieuImaA11as iesannsiuniuiluis
yuruionhldinisaziounamniiuivesinuazauuhliiaa
Usngnsalnizauiou Mstintisenaslievsenainiied
uennatielviiuinoImesdianauiRtuaudouldity
uidmhganeufeuanmuandeslaeseuiilesanannisazyiou

arufounduinntnafes deimsldiuindeadansoin
Uizqﬂm’lﬁnﬂmzwmmunaulmaﬂms
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3UN 5-9 : Example of exterior green wall (Sexton,2013)
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ns¥an 2 $u uaz 3 Yu (Double & Triple Glazing)
Wunszanifquantalunsfuauugssuidewnnannslitesineseninanszan (Air gap) tiean
nsthaufouriunszan desinsdannsafudisernianiofeidesfidamuandfiduauiusy
aufou neftulavinihiisnufenieluuazfuenianisueniufienielunszan uenaini
NSEANUKSIAM (Low-e) Ssanunsnvhunliludulsznavvesnsyanusasduldsnge

2Bmm Jamm

Argon gas

filling T ——rl__

Duralite warm
wdge spacers

;i-ﬂ‘ ;1- \
Nl "I

gﬂﬁ 5-10 : Cross-sectional of double glazing and triple glazing (G2S group,2008)

Therrmal reinforcing

navALaadn (Light Emitting Diodes :LEDs)

waen LEDs AovasalwyiaUszndandsnudedussdnsamuinniimase fluorescent Ingende
vannsidalaeseyniafiiinanarsisidwihlknelhiAnaufeuiidesniuazsendandsay
wnni1 vaen LED flassadrafuvendeionmn Saumnsrsninvaeslaialuiifinaeauduas fned
ussgegnelu ililenumunuuazergnisldnuiiuiuni

sUfl 5-11 : LEDs in T8 tube light (XiangDa,2011)

ANSNAUIFNININVDITZUU Fresh air

g g £% Yo ()
TuanA1s HEPS dussuuUsusIndazsaalasy =)
nsialvlidnennguludndu Fea1unse Outdoor |||

o 1Y) Y ‘./"
Mlalagn1susudsaiiudneninszuulag sy =)
wonNwlaannsUSuUTuATeUTuUINIALNEs Exhaust
DEUAEN

SUTl 5-12 : Air-to-Air Heat Recovery in ventilation system

u

szUuvUInNaterunavuildlngd uSe ERV (Schild,2004)
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(Energy Recovery System) AosTUUTitng1uaIne INAEY NS ee1NATI9 N U3 USUB N
thanlusgleviflunsuuanmerndlvsineuiiaztinirgenmssiiumaeszuudivennia (Pre-cool)
Tuanmemesoutuiifesnsmenubuegrslulsamalng ssuuiazivselonilunsvhamndy
Besdu uaranaruTureserniaainaeuen ssuviuenainaziiliamuniwernianiegluaiang
JulumuuesgiundidsannsaanUsunanissauvesssuuusuanialaansae

TunnsepnwuusEUU waniuiaanUselovulunisuseudanasau n1seankuulnissuuiingsanu
naunldnidigaglissuuliuonalivuafidnas wazdauisanivauanududuinsiieglugas
40%-50% T duan1izivuizanvainisusuainmanieluainig

wasinfuriinuiuanuiiiseutesaesnsaieas (VSD Chiller)

1AL m'izﬁuaﬁzwﬂ%‘uafmWﬂwﬁuagﬁummﬁaﬂmimmLéuiuLLGiammL’Jm sanudeanis
amnufusiaviuasulumutianaissninunieanmoimaluusazggnia dslunisesnuuy
wdowhinfutufesesniuuiadodifaunsasesiumiusiomnislurisnaigeanld fafuaiosii
Budailontafiazvhaniinsiduidaluusdisnat sldliAeasduuiedunslindanudy
othann lasiaTeshinfursiauiuamuiisevtesreuimsaresiagliudnnisuiuauiiseuves
roumsaeslineuausstunszauiessiiniuidasninusslovigaaludnumyenasid
AnudeInsauiilingg dmivormsiianudesnisanuiuiinidsmsiidulunslda
Lﬂ'%laqﬁﬁﬁgﬂLﬁuﬂizﬁm%quumu

fetnamaluladilamnsauszendldlu Econ : Economic Building

Econ o seuvesemsiamnsaiauldfemaluladlutligtuniosuaniidaudunulunisg
wenld lnemaluladiendienatiegludagduusidenadinisldnuluidiia uimeuinsnisatduayu
duasunmislimaluladfing1n asviliiRensuszandldldunsnansunndedu Ssogranaluladd
annsauszgndledlu ECON fail

AUNeRUIUAUANSaY (Cavity Insulation Wall)
AR UIUADATWINENI NS N DA INTIADITUY

.

o

..:=
a

s

19eilva99199 1N ARSINAITIEN saLRNaN s T ua U
fupnusaulalagauiruvinvtnmdusiiualusauaewm

NMeUsningenns Janilunsviauiu o1
styryne foam Huduy

;51]17; 5-13: PU foam in cavity wall insulation (Dino Green,2012)
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HEAT LOSS COMPARISON

&

U Value (Heat loss)
U T R ST

=]

Single Mormal C Rated A Rated Triple
Glazing Double Double Diouble Glazing
Glazing Clazing Glazing

gﬂﬁ 5-14 : Heat loss comparison in each glazing technology (G2S group,2008)

n3zanNa@IuYU (Triple Glazing)
AsEINAINTULATUNITHAIUILIINNTEANARITULNBLNUSEANS N nlunisdeanuminusau 1ne

PANNITHAINTEINANUTUTAIUAIUITOUINAIINTLANNLADITU LA LUNITND 1TUINTIFIIUD1A D4

AflsteanImANLANAsYeIINIANEluLaE NBUD NI

\3asUTunARUULUSHUE YA Y (VRF)
A309USUDINIARUULUSAUETSYA UL UWS e VRF II
(Variable Refrigerant Flow) 1J w52y u fa1uisa P
USuiasudiuiaasiauniulinevaussteniiy
foan13vesttornsluusiuneglan VRF Huflany
gangulunisldanu Usendandsnuuazaiunsaaiugy
gaungiluiiuiisnag 147

;Jﬂﬁ 5-15 : Illustration of VRF system in the
building (Johnson Controls,2013)

STUUTNAMULEULUULESSE (Radiant Cooling)

syuurhAufunuuiSdgaelinnsienudulueiasivsyans nmunniy Tnenswiaaudeu
VDAL UN1ETINRNNY HiTs 9158 1A GARRRRGE wazdmslindsnuiidosniinsviany
Buwuuinly esannlideddssuuieausdnslsinussuuiasiivszansnmanadluenadeuiy

Lﬁaw'mmm%u%Lﬂumsﬂumiﬁ'}mmLﬁuum@ﬁu
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100% Peak Power

, 57.7%
1.5%—Pumps
9.4%
chiller 9.5% ! 1.9%
62.5%)
34.4% Other Loads 34.4%
\ >
Conventional Radiant Cooling
HVAC System HVAC System
3‘111'7; 5-16: Peak Loads of Conventional HVAC and Radiant 31J1‘7i 5-17 : Radiant ceiling cooling and heating
Cooling System (Berkeley Lab, 1994) system (S&P,2013)

31]17'; 5-18 : Solatube tubular daylight devices (Solartube,2013)

ieuua9e19ing (Solar Tube/Light Pipe)

Tunsfiezannislindsnuainssuvdesaing sududesendonislduassssumfvaslunsdesaindluy
onans Tuitudifiaafunsevermsanunsaruandrunlngldnseanld uwiludruneluduaunsavilg
Frensliviotuaseninganuundirienans Insnisinalausauuasluduuuudidinaeasiou
aeluriasingnuaevieiiedesainenisluenas Insnsuszgndldsusiuiuszuulal LED 73
JEUUMIUANRE I MINZaNIzaIsavnlTeAslasulasai e aiissmelunounalsiukas nansfiu

soe19mnluladiiannsayszend18iuZEB (Zero Energy Building)
oransifinslindsnudugudidudminegegaluunuoydngndsau demsiffuniseeniuy
Passive dmiuiiormslaensasmdsnuluseiuman waznsifisssansamludnvesszuunaln
(Active) oransUszaniiaziinnsldwdnuiidesniteaisineialuilusdrawnn wazddinisuan
wdsunawnuluiiuiiiievnsaefuanudenisndunelueians
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RANLNUINNITNINTAN
- asnansznusedunadeslasanUIunanslangsnuandiens
- I%Wé’mumguﬁsum&ﬂuﬁ’smmnﬂwé’ﬂLﬁaamﬂamwamwumﬂmi"uua'a
- uvEInEIUReaunsaltlnnasneten1slduYewienans
- udmdsudesansamlslaeiluuazanunsaldladmsueinslueuinn

sruuiuiuuaaLazgunsaliauas (Light Louvers and Sunshade Overhang)
Tuniseenwuue1nns niduiuusdrfylunisesnuuunseveinisien1dulszansnisdaunn
(Shading Coefficient) Inetanizludiuvesnszan s‘i’iui‘]u@mﬁﬁmsq@Lﬁamm%’auqa nsldszuu
Fansuasiiiuseansnmdadudiuddy Jsssuuiituenanansadiasiioannsdwiuainudou
uddidosansndwuassssueRuldnslueiaslansnse

glass
outside  inside

ight louvers deflect
direct light to ceilings

Light Louvers
Light shelf Light enters (section)
reflects light Automatically and manually from 5°to 85° ¥\ — Light reflected up to
and shades operable windows promote —_— 30° towards ceiling
unlouvered
windows

cross-ventilation I §\7’

\ Pre-cast thermal mass wall
\% 3" concrete
™ j 2" rigid insulation

j 6" concrete

31]17'; 5-19 : Alight louver daylighting system reflects sunlight to the ceiling, creating an indirect
lighting effect. Fixed sunshades limit excess light and glare (NREL,2012)

Uaaaasszuieainaa (Solar Stack Ventilation)

Uaesuasszunsainaidunidunsesnuuuenisuuy Passive Lo
Fagluszuunyuisuvesenia lnsendendnnisunuiiveseinia
Souluvdeuasiioosfiuginuuunusssuei wasgnizuioon
iiehormalmidngsenas lnsaudouiiazanegnelueinsas
Inaingdessrunsamilelnalusuiivdesszuieiniail

gﬂﬁ 5-20 : Solar stack ventilation system at ZER building, Singapore (BCA,2010)
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STUULEISTINYR LeuAUuas (Fiber Optic Solar Lighting)
Huszuuiifdneagnisiauadieviethuasendind uwildudsunnvefidanuvunduloudniuad
fowadnnidsaunsainlinshuniiioasmanstuldfuaraiu tsntuasedutuganiieinie
Tagenafigunsaisnuaniieiiuunuuasiozdsinutiluluenis

Operable Windows

. Ventilation

|

"7~ Shading within the g L
double facade - \

\> L»if

3U17i 5-21 : (Left) Solar concentration device, (right top) solar

fiber optic system in the building, (right bottom) solar fiber optic
illuminator (Proefrock,2006)

Outdoor
Air Intake

gﬂﬁ 5-22 : Example of double facade as buffer
space (City of Vancouver, 2009)

SYUUNTOUDIATSHUUIINLTIINS (Integrated Double Facade Buffer Space)
AseenuuURuiidsvesnseveiarsntgluetaisidumaianisesnuuuoiaiseianis Tnenas
Usggndldituilimandsiutunisssuisensiefumaiatugs Insluaniwgfionniadeu nnsld
weilntavtaeannszuiszuuarunduld

Nuitsruiifanunsavheusufussuusy 9 lauszuulsiauazasioulasanaslu wiessuy
sruigeImAnaInanduLiieldnasmadeuiidarategnieludienas lunseeniuuardelmsids

ansaviselevidldaesaniiuimaiils Tnseonwuulimduiug o Imsldnudunisnsn

n1sWanlNAIINNASUrY LI
Tunsfiagsjagenasiiiimslindsnudugutuoiasduiudosdinsdalnihanmdsnungude
diafazananudosnisiiiinainnisiiihddunisdenldneluladduinaistateluniadonld
walulaBfungandmivlasnis luiidazndniunaluladildsuanuieusiniian 2 iin fe
NANUADINE Wagndaruay

1. waauaingNanlvin waznanauiau (Solar Photo Voltaic (PV) & Solar Collector)
dmsuormsnselasinsidiuiiduusnane ndsnunaefinddunadonuislunisuanndsany
Tneflaesdnuazie waduaweiing (PV) Feaunsandnlniinanuaunn uazaunsasnsliiueinis
Tnensald luusnafidiufisu walulad poly crystalline mf\]gﬂLﬁaﬂi%’é’ul,ﬁmmmﬂﬂszﬁw%mw

Aaa

PN ! a & Y a v . . P a | a O
V]Ejﬂ ﬁ'JUOLUUiL?ﬂJWUVWmJﬂ'NNIﬂQ a']ﬂJ']iﬂLa@ﬂiSULLUU Thin film LW@V’T]']@JEJ@VEJUIUﬂ'ﬁ@@@Q e
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191U FaazyinisiuausouanLaIeIRngmeszuuiuinAuSaunivwdusii TnevrSauils
annsathlUldusslovdlavateadnaty insoudvsussuuynanudu Wusu

favuaundnliilrvuiadn (Micro Wind Turbine)

N

Aaa

Tufiuiiffinnudaudiome faiuaue1agnintdlunmsudanssualuile Fakuauuuadni
Tfnulugurwiosaiuisauvwenliiluaesdnvuzie dviuauwuiueu wagfafuaLLLIRg
fruauwvewdusuuiidiuiluadrefuiafuvunalvg Tnsasfeaiinsinauiirnisaudie
Usvansamluniswdalndi Tudrufofuauuuass Wunsesnwuulaunsaveuldanaly
PAINNANYNFANI

—

_-/\/\E:h
= 50—

77 77 ]

Flow Pattern: Side View Wind Against Face

Flow Pattern: Top View Flow Pattern: Top View
Wind Against Face Wind Against Edge

g‘l.lﬁ 5-24 : Vertical axis turbine, horizontal axis turbine, wind profile in urban environment (Williams, 1997).
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5

Advanced Energy Design Guide
for Large Hospitals

Achieving 50% Energy Savings
Toward a Net Zero Energy Building

Developed hy:

ASHRAE

The American Institute of Architects

llluminating Engineering Society of North America
U.S. Green Building Council

U.S. Department of Energy
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wanN15YsUINTSIATINI5LNDL4g81A538RU Zero Energy Building (ZEB)

Tuefnfisinuan Mseenuuy neads uagldaueiasinazgnimuamudidulassaiienisuins
Sudusidvesenns aa1Uinesnuuy AunsEERAINTERNWUU FnslAsinng H¥uivan Taed
nadnsvasnuTnarldsunsinsadudig aunthiienusuinseuveusazine Fawinnisuedy
AMFITHAd15991NNNTERNLUL Lazneaseg1adiussnsnnlunaiedid 01 Arldanelasenis
NANSUTEMEANINU NaNTENURERIINSDL 18

sUN 5-25 sialuil wansidlassainsfiveanuuueinnsiluiuuiia (Traditional Project Design

= <@ Vo1 « = 9 . . & [ o A o Y 1 a [
Team) sazLiiulain “n1séeans” (Communication) Wudadsnanvinldelaiaiuisauinisinnig
TassnsiiiAnnsidusinandennse Mneadedlutinaivuigaula

Traditional Design Frocess

Migrarctical Organization Owiner
Dwner—Archifect-Engingsr
Y
Architect
. . Specialisis
1AQ, HVAG, Lightirg,
Contractars Acoustics, Fire, Secuity,
Communications, Enengy,
Ciomrmissianing
F 1
) Cost
Engineers Consultants

Ul 5-25 Tnssainaftueenuuuenasimluuuifa (Traditional Project Design Team)
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gﬂﬁ 5-26 9z Jun15uansdielaseasefineoniuueIn1shuUYIMINIS (Integrated Project Design
Team) Aifimssnuadwanesusuannnndiesunduiulassns nefinsdoas uazdsvanunu
Tuudazdumeusilfanunsnananuidsweddasins mufannsadmuauumisnisuilaym
guassamdufisoniuanynidield lnsnadniildfife “erarsifiadudadulunisldau”
(Sustainable Building) WagiinUszleyiasansioldnveda1nns (Owner) wag §l¥a1ue1a15 (End
Users) Svanunsnagdldluussifiuddnyfeiolud

% anmltarelnsans anmsifiszuugunsaliifvunaneriissliinauiunmuduiu

% anmldresunaton uazaldaiea1unsthzesny nmsesnuuy wasldnuianza

% vivgan M ugueulE uaziiuganIMAITY9Y 9nnsUsEYARlTaA1IEsITUYAR
POUALDISBINNLUYYE

% anransgnuseduandon nmsanmslingdaanu anmslininenssssuuaidaasedny

Tunngy
o HVAC o O
Integrated Design Process End User 1A
(if known)
Coflaborative Thinking A »
Team Based v 4
2 4
»
Faality/Bwiding Acousiics
['.'.'\;,v'rxfnf,-y
- v
Y
4 4 » 1
4 Al
EN >
Design Team Leader
Lighting - >~ (architec!, engineér - - Fire
propect manager.
owner's rep)
v ~
A 4
Y 4 : > v
o, a
Commissioning Communication
Agent Lommurvcations
v ’ 4 %
“
Y >
Contractor Securily
g o Cost P
Consuftant

g‘ﬂﬁ 5-26 Iﬂﬁﬂﬁ%’mﬁuaaﬂLLUU@’lmiLLUU‘tﬁJim’m’li (Integrated Project Design Team)
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Traditional Project Delivery _ Integrated Project Delivery

Fragmented; assembled an just-as-

An integrated team composed of key

needed or minimum-necessary basis; Teams project stakeholders; assembled early in
strongly hierarchical; controlled the process; open; collaborative

) Concurrent and multilevel, early
;:ﬁE?Eglﬁlgtisﬁg;egg?mg? ;;ﬂ;c;ga R contributions of knowledge and expertise;
hoarded: silos of knowledge and expertise PLETA 2 S oh S eieef Sl iy

trust and respect

Individually managed; transferred to the Risk Collectively managed, appropriately
greatest extent possible shared
Individually pursued; minimum effort for Compensation/Reward Team success tied to project success;

maximum return; (usually) first-cost based

Paper based, two-dimensional; analog

Communications/

value based

Digitally based, virtual; building
information modeling (three, four, and five

Ul dimensional)
§ Encourage, foster, promote and support
Encourage unilateral effort; allocate and Agreements multilsteral open sharing and

transfer risk; no sharing

collaboration; risk sharing

(ﬁu’l : Advanced Energy Design Guide for Large Hospitals Developed by ASHRAE, USGBC, USDOE 2012)
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INNFNNTANAT ANNTAUAAITIHALBEANTITRINTAUILUUYTUINTAUTUADUYBLATINT L9

Ao lUll
1. M159ARAINNU (Assembling the team)

2. maUszyuiFudulasanis (Project Kickoff)

3. NM3PRNUUULUBIAU (Predesign)

4. nsenuuUtanInuARan (Schematic Design)

IAAITUIUTNYITDINIPIUNITODARUY N1 wald
UBIANS ABAINITANIISTUIURAIY Passive hay
Active vB33EUURUNTAlNNY

UsgguiFudulasenis tnesjadiuliaunsaiauiionans
AINFABINITVDILD1VBY %38 OPR (Owner’s Project
Requirement) 911N15%1 Workshop 39841581314
Fuew wazlidmadniiiduanudiiedasinisiu
Useiduiidufidnlanseiu

\un1snumL OPR agnesausu wemmvuamadenly
aseenuuu Tuunensd enaldlusunsuneuiunesiiie
$1aea3ULuURIATTIMINZaN AuAFeInTTle Wy
BIM (Building Information Modeling)

1 nsnseuiiuiildednidng (Occupied Area) Tvinglu
uSIn Perimeter zone wazliuiildeudrution
(Unoccupied Area) #38 @1uv84 High heat load L1
Server Tguinas Core zone ioazansenisthay
Fouanliuselovilunisusendandsau
2. 9150wmalulagduaznisAauan/uinsniseyiny
N /maUsEndannsidendannseuenais wu

+%* Natural Ventilation for Cooling

< Daylighting

% Heat recovery

¢ Use of Radiant Surfaces
3.UsmilunuAuulunsanuludnuueine Weuiy
Base Case (n3&i Conventional) 1

< dldeamuisunaniiiuiu

% nadszndandanusied

% nadszndarigeinusied

% szEzaIRuY

% SnmansULNUNTAIMY

% Usnumiveulneenludiiana

< wauszndaiiutu eifiouifu ASHRAE/IES

Standard 90.1-2010

< drgamgiiimueulinaoniia

< drssziuanuatiiiieauasldnaeniiad

(XIRTE
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5. NMISWAILINTZUIUNITDDNWUU (Design

Development)

6. N1SMSENLENEISNBE519RARAY (Construction

Documents : CDs)

7. nMsUszyamgSunan (Bid Phase)

8. N1snaad1aazinne (Construction)

9. NMMaaaUAAASldI1U (Commissioning)

10. nsldeunazuingednen (Operating &

Maintenance)

11. msligldemsiidausauatnsiaiilas (Ongoing

Occupant Engagement)

NIURALINAINUNAUNULDZIUTNENAY

LﬁUﬂﬂiﬁmam@fﬁHﬂ‘Uzumau Schematic Design 41
A9151AVLIATFIUAIGY LU LEED 1Judu wasz
TngLan1veg1989n15A I LCCA (Life Cycle Cost
Assessment) iiefuduaiuiuladeiinvesenniswse
AWawlasins auanusaiunseazdeniluendans
BOD (Basis of Design) uaganmnsalifiunwenueunis
nedas1efn G]zd (Commissioning Authority : CxA)
Asauiisunu OPR lanaenlAsenig

lenansfildainduneuniseanuuunfeudniunig
Aoadrsinns IngldRarsundetladoveninudiy
(Sustainability Features) tU%u18wa491u (Energy
Target) wazn1sdeanslunszuiuns

n158uwainguszasAliesdnlunisesnuuund
UsznSnmungsumunfisssuanududandfy dus
g ingiteslulasainisnsgnindsdadesiie Ndes

muaulilamuingUszasiniseanuuuy

9
U

1% =

Aoankuukasusne CxA 8n159uniuenalIsann
AU (Submittal Review) N ULBY88YYINNT
ADAS19 ARAY LINBNINSUIANUADAARBINUTBNINUA LU

N199NLUY LYU OPR, BOD, CDs Hudu

N13M371980UAITNITATOUAQUAY Prefunctional Test,
Functional Test wagnsineusulidmiigauasiis
ansaudlvaneldaulidgany

A250N19MI23RAMIUNITLITNA 191U (Monitoring &
Verifications) agnasiaifledlneianizogeds 12-18 ieu
ndndweununeaseiags Mnenunatwited
U3y Commissioning Authority (CxA) fifiusvaunse]
uenanil esfinsdefinevsurranadagaiuaunisld
nuszuvgunsalluarasianansaldnunaziizednm
gunsalegamnzay saenaldieiesioinifuteyaiiie
AamuuszAvBammdsnuiudsuudas uagdiasgsiv
amaanuEaUnAveInsldnulaszeinumla

wandganisiauernsludnvasidhedisweeins
AIUANNITAUSTULUNSAlNI By UINIUANAIY
Sudufietestunsdeasouannniinisiansanidemwa
Usendandany sty Semsadrsanunseninmediy
Usznéandenuuigldornsedrsdaileaiieliin
WORANIIUUALYAUARAIULTIUIN (Positive-lmpact

Behaviors)
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